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1. INTRODUCTION

1.1. Description of Bacteroides fragilis group strains

Species belonging to Bacteroides fragilis group are anaerobic, bile-resistant, non-spore-
forming and non-motile Gram-negative rod shaped bacteria. Bacteroides spp. are abundant
anaerobic bacteria in the colon (10'°-10" cells per gram of human faeces). They may be passed
from mother to child during vaginal birth and thus become part of the human flora in the very early
stages of life [Simon and Gorbach, 1984; Reid, 2004]. There are several advantages of the
presence of these bacteria in the intestinal tract: they have role in carbohydrate fermentation,
produced short chained fatty acids (in cooperation with other intestinal microorganisms), thus
ensuring the daily energy and nutrient requirement of the host organization [Xu and Gordon,
2003]. Recent metagenomic studies have confirmed the usefulness of the Bacteroides species to
the normal human intestine: their reduced presence may result various adverse physiological
processes, such as obesity, or inflammations [Wu et al., 2004; Ley et al., 2005; 2006].

In addition, Bacteroides are opportunistic pathogen organisms. Although they represent
only 0.5% of the bacterial population occur in the faeces, B. fragilis group strains are the most
frequently isolated species in anaerobic infections. Practically pathogen Bacteroides strains can be
isolated from infections of any part of the human body [Finegold, 1995]. They cause severe intra-
abdominal infections, postoperative wound, skin and soft-tissue infections together with other
anaerobic and aerobic bacteria, or they might also be the causative agents of bacteremia. The most
virulent Bacteroides species is the B. fragilis. This organism is responsible for the 80% of the
infections caused by the members of the Bacteroides genus and are considered the most virulent
strain in B. fragilis group strains. The B. fragilis is found in many anaerobic infections with an
associated mortality of more than 19% in bacteremia and if a documented B. fragilis infection is
left untreated, the mortality rate is reported to be about 60% [Goldstein, 1996]. Healthy individuals
rarely become infected; the infection is usually due to a pre-existing underlying disease or after
any intraabdominal surgery procedures. B. fragilis and related species possess numerous virulence
factors, antibiotic resistance genes, which enables a high degree of ability to infect the human
body. The Bacteroides isolates require glucose, haemin, minerals and vitamin B, and are resistant
to 20% bile.

In 1898, Veillon and Zuber was the first who described B. fragilis as Bacillus fragilis
[Veillon and Zuber, 1898]. In 1919, the bacterium was transferred to the Bacteroides genus by



Castellani and Chalmers [Castellani and Chalmers, 1919]. Nowadays, the genus comprises of
Gram-negative, obligate anaerobic, rod-shaped bacteria. The inclusion or exclusion of species
within the genus Bacteroides changes continuously, thanks to the new, more reliable molecular
biological procedures (DNA-DNA hybridization, 5S-16S ribosomal RNA (ss-TRNA) gene
sequencing and whole genome sequencing) [Dix ef al., 1990; Socransky et al., 1994]. Currently
we know more then 20 Bacteroides species and 5 Parabecteroides species, for example
Parabacteroides distasonis (formerly Bacteroides distasonis), and Parabacteroides merdae

(formerly Bacteroides merdae). [ Wexler, 2007].

1.2. Virulence factors of B. fragilis

1.2.1. The bacterial capsule

The B. fragilis strains may have three types of morphologically different surface structure:
1) a large capsule, which can be detected by light microscope or electron microscope, 2) a small
capsule, which also can be examined by light microscope or electron microscope and 3) an
electron-dense layer which can only be studied by electron microscopy (non-capsulated variant)
[Patrick, 1997]. Experiments in mice and rats infected with B. fragilis strains carrying capsule, is
followed by intra-abdominal ulcers observed in experimental animals [Onderdonk et al., 1977]. B.
fragilis is the anaerobic bacterium, which was shown to induce abscess formation, as the only
organism responsible for the infection and the injection of capsules alone was sufficient to induce
abscess formation [Kasper et al., 1979]. Animal experiments have also shown that systemic
injection the capsule material alone can develop protection against the formation of abscesses
[Kasper et al., 1979]. This is a T-cell dependent immunity. Examination of the B. fragilis NCTC
9343 strain revealed that the capsule is made up of two distinct polysaccharide complexes which
have been assigned PS A and PS B. PS A is made up of tetrasaccharide units that carry a positively
charged amino group and a negatively charged pyruvate substituent and a PS B is made up of
repeating units hexasaccharid having two negative and a positive charge. The capsule can be
observed in other Bacteroides species as well, it plays a role not only in the formation of

abscesses, but protects bacterial cells from phagocytosis by granulocytes [Pantosti et al., 1993].

1.2.2. The role of endotoxin / lipopolysaccharide (LPS)

For a long time it was thought that the Bacteroides LPS is biologically inactive, however,
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in vitro experiments have shown that they do have biological activity [Delahooke et al., 1995;
Szoke et al, 1997]. Endotoxin release due to the effect of antibiotic therapy is several times
stronger in the case of B. fragilis strains than observed with other Bacteroides species [Rotimi et
al., 2000]. In consequence of the TNF-inducing activity of B. fragilis and related species and the
about 100 times larger frequency of Bacteroides relative to Enterobacteriaceae in the colon,
Bacteroides LPS may play an important and previously overlooked role also in endotoxic shock.
The TNF and I1-6 stimulatory activities of intact Bacteroides cells and their isolated LPS have also
been demonstrated [Szoke et al., 1997]. This may explain the importance of B. fragilis and related

species in monobacterial or mixed infections.

1.2.3. Enterotoxin production

The first suggestion was that some B. fragilis strains are toxigenic (so-called
enterotoxigenic B. fragilis, ETBF) during studies of the epidemic diarrheal disease of lambs
[Myers et al., 1984; 1985]. Since then further studies have confirmed that certain B. fragilis strains
secrete a toxin (termed B. fragilis toxin/ BFT or fragilysin) [Myers et al., 1987; Szoke et al., 1997]
which is a metallo-protease [Moncrief et al., 1995], capable of cleaves E-cadherin protein in the
zonula adherens of the intestinal cells, resulting in rearrangements of the actin cytoskeleton of the
epithelial cells and loss of tight junctions [Wu et al., 1998] These changes are leading to diarrhea
in calves, foals, piglets, rabbits and at the end of the 1980s it was also proven in humans [Myers ef
al., 1987]. BFT is secreted by enterotoxigenic B. fragilis strains, which encode three isotypes of
BFT on a distinct bft locus, carried on a 6-kb genome segment unique to these strains, called the B.
fragilis pathogenicity island. There is evidence that the pathogenicity island with the enterotoxin
gene is contained within a novel conjugative transposon [Franco, 2004]. This pathogenicity island
is flanked by genes encoding mobilization proteins and may thus be transmissible to non-toxigenic

strains [Franco et al., 1999; Wexler, 2007].

1.2.4. Aerotolerance

The Bacteroides species has been shown to be aerotolerant, capable of surviving more than
48 hours of exposure to O, and this may play important role in the initiation or persistence of
infection [Tally et al., 1975]. In B. fragilis, catalase (katB), superoxide dismutase (sod), alkyl
hydroperoxide reductase (ahpCF), and Dps (nonspecific DNA binding protein; dps) production

has been proven to increase extremely during exposure to oxidative stress [Gregory et al., 1977,
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Gregory, 1985]. The ability to survive in a relatively long time in environments, which contain
oxygen, may help the Bacteroides strains to withstand oxidative stress during the process of
transmission between hosts and for the initial steps in colonization of the intestinal tract of
newborns [Smalley et al., 2002] and also to survive in the clinical specimens during the transport

to the laboratories [Finegold et al., 1992]

1.3. The antibiotic resistance of B. fragilis group strains

Antibiotic resistance in Bacteroides strains can be categorized into three main groups:

1. intrinsic resistance (aminoglycosides, 1st and 2nd generation quinolones, 1st and 2nd
generation cephalosporines)

2. increasing resistance (PB-lactam antibiotics such as penicillin, ampicillin, as well as
erythromycin, tetracycline, clindamycin)

3. low level resistance to the antibiotics recommended for treatment of infections involving
Bacteroides  strains  (B-lactam/B-lactamase inhibitor combinations, carbapenems,

metronidazole, certain 3rd and 4th generation quinolones)

Bacteroides strains isolated from clinical samples have different levels of resistance to
different families of antibiotics. Members of the Bacteroides genus are originally resistant to
aminoglycosides. The reason of this phenomenon is that the Bacteroides strains are anaerobic
microorganisms, therefore, they do not have oxygen or nitrate-dependent electron transport
system, which would be required for the uptake of these antibiotics [Rasmussen et al.,, 1993]. In
addition, B. fragilis group strains has inherent resistance also against the 1st and 2nd generation
quinolones [Rasmussen et al., 1993] (actually the 3rd and 4th generation quinolones were
developed to act on infections involving anaerobic bacteria; and resistance to them has only begun
to appear in the past few years). 1% and 2nd generation cephalosporines are also antibiotics not
recommended for treatment of anaerobic infections involving Bacteroides strains [Sutter and
Finegold, 1976].

In case of some B-lactam antibiotics such as penicillin, ampicillin, but also in case of
erythromycin, tetracycline and clindamycin a constantly increasing resistance was observed,
because of this, the therapeutic usage of these drugs can be recommend only after the antibiotic
susceptibility testing of the isolates has been done [Rasmussen et al., 1993; Nagy et al., 2011]. The

carbapenems  (imipenem, meropenem), P-lactam/B-lactamase  inhibitor = combinations
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(amoxicillin/clavulanic acid, piperacillin/tazobactam), the newer fluoroquinolones (moxifloxacin,
trovafloxacin, gemifloxacin) and metronidazole are antibiotics which can most successfully used
in empiric therapy of infections involving B. fragilis group isolates [Wadsworth-KTL 6" edition,
2002; Lofmark et al., 2010; Nagy et al., 2011]. The resistance level of Bacteroides strains to these
antibiotics may vary depending on the geographical location where the strain was isolated [Nagy
et al., 2011]. The development of the current rather high resistance values to some antibiotics can
be due to extensive and not always appropriate antibiotic usage similar to aerobic and facultative
anaerobic bacteria [Rasmussen et al., 1993; Edwards, 1997; Wexler, 2007]. In addition, nowadays
increasing number of reports on multi-resistant clinical isolates of Bacteroides have been

published [Rotimi ef al., 1999; Wareham et al., 2005; Hartmeyer et al., 2012].

1.3.1. Resistance mechanisms to f-lactam antibiotics

The B-lactam antibiotics (e.g. penicillin G, ampicillin), are among the firstly discover
antibacterial agents against which nowadays a major part of the bacteria possess resistance
mechanisms. Among Bacteroides the most important mechanism of resistance against the B-lactam
antibiotics is the enzymatic decomposition of the active agent. Previous research have shown that
the 97% of B. fragilis strains in the United States [Aldridge ef al., 1988] and 76% of B. fragilis
strains in the United Kingdom [Edwards and Greenwood, 1992] produce B-lactamase enzymes
(which may inactivate penicillin and in some extent ampicillin). Insertion sequence (IS) elements
appear to cause in certain Bacteroides strains increased cephalosporin resistance as well by
increasing the B-lactamase production of these strains.

The carbapenems are the broadest spectrum p-lactam antibiotics. Imipenem was the first
member of this group, meropenem and the recently introduced ertapenem and doripenem are all
active for Bacteroides strains. Therapeutic usage of them is especially important in mixed
infections when other antibiotics are unable to eliminate the pathogens. For this reason, particular
importance is the emergence of resistance among B. fragilis group strains against carbapenems
[Edwards et al. 1999; Yamazoe et al., 1999; Soki et al., 2000;].

The B-lactamases found in Bacteroides strains can be divided into 4 groups according to
the scheme developed by Bush ef al. (1995). Most common B-lactamases can be put into the "2e"
group. They hydrolyze cephalosporins (better than the penicillins), do not act against cefoxitin,
latamoxef or imipenem, and they are inhibited by cloxacillin, pCMB, clavulanic acid, sulbactam
and tazobactam [Rasmussen et al., 1993]. This group includes the cephalosporinase enzyme

encoded by cepA gene, which can be found also in ampicillin-resistant Bacteroides strains. The
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second group of B-lactamase enzymes of Bacteroides belongs to "2d" group. These enzymes cause
resistance against penicillin (including cloxacillin) and is inhibited by clavulanic acid and
sulbactam [Rasmussen et al., 1993]. The enzymes that hydrolyze cefoxtin and moxalactam create
the third group of B-lactamases. They are inhibited by clavulanic acid. The cefoxitin resistance
gene, the cfxA4, is located on a mobilized transposon (MTn4555) and able to spread between
Bacteroides strains by conjugation [Smith and Parker, 1993]. Metallo-B-lactamases belong to the
fourth group of the [B-lactamases of Bacteroides. These enzymes are able to hydrolyze the
cephamycins and carbapenems, are not inhibited by clavulanic acid, however they are efficiently
inhibited by EDTA. Further studies (cloning, sequence and PCR analysis) of carbapenem-resistant
Bacteroides strains showed that its gene is c¢fid (or ccrA) and is located on the chromosomes
[Edwards, 1997]. Previous studies showed that cepA and cfiAd carrying B. fragilis strains proved to
belong in two separate groups according to IS element content, genomic PCR typing, multilocus
enzyme electrophoresis (MLEE) and pulsed-field gel-electrophoresis (PFGE), however these
strains are not indistinguishable by usual biochemical tests [Podglajen et al., 1995]. Similarly,
comparison of small-subunit ribosomal DNA sequences of some B. fragilis strains has also shown
that they are separated into two subgroups, one in which the cfi4 gene is carried (Division II), and
one that consisted of cfi4-negative strains (Division I) [Podglajen et al., 1995; Ruimy et al., 1996].
The B. fragilis strains which belong to Division I carry the cepA and bft genes, while the Divison
II group strains carry the cfi4 gene [Gutacker et al., 2000].

The different permeability of the outer membrane (OM) also plays a role in resistance of
Bacteroides against B-lactams. Although the low permeability of the membrane itself does not
induce resistance, this requires additional production of B-lactamase or alteration in penicillin
binding proteins.

The change in PBPs itself is also an effective mechanism of resistance against -lactams,
in the case of Bacteroides strains. The affinity of PBPs are reduced against some -lactams such as
piperacillin, cefoperazone, cefotaxime, cefoxitin and imipenem. [Edwards, 1997; Soki et al.,

2011].

1.3.2. Resistance mechanisms to clindamycin

The clindamycin resistance among Bacteroides is similar to the macrolide-lincomycin-
streptogramin (MLSg) resistance where a common mechanism mediate resistance to chemically

different antibiotics. This resistance mechanism has been well studied among clindamycin-
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resistant staphylococci and it is acting by methylation of one or two specific adenine nucleotides
on 23S rRNA [Rasmussen et al., 1993]. The most common transferable plasmids that cause
transfer of clindamycin resistance are the following: pBF4 (41 kb), pBFT (pCP1) (15 kb) and
pB1136 (80 kb), in Bacteroides strains. The resistance genes occur on these transposons: the ermF
gene on the Tn4351 (pBF4) and the Tn4400 (pBFTM10); and the ermFS on the Tn4557 (pB1136)
[Smith, 1987; Smith et al., 1998]. Furthermore, clindamycin resistance genes occur on
chromosomal conjugative transposons. However, some other resistance mechanisms can be
expected as well, since no cross-hybridization with the ermF gene sequence could be found among

other clindamycin-resistant Bacteroides strains. [Rasmussen et al., 1993].

1.3.3. Resistance mechanisms to metronidazole

The first 5-nitroimidazole used clinically against anaerobic infection was metronidazole
in the 1960s, and no metronidazole-resistant Bacteroides isolate was found until 1978 [Ingham et
al., 1978]. One important and well-characterized type of resistance to metronidazole is associated
with the presence of nim genes, which were described in 1994, and today we known 8 types of it
(nimA-I) [Haggoud et al. 1994; Trinh and Reysset, 1996; Stubbs et al., 2000; Schapiro et al.,
2004]. They are able to induce moderate to high-level metronidazole resistance, and may occur on
four types of plasmids: pIP477 (7.7 kb, nimA) pIP419 (10 kb, nimC) pIP421 (7.3 kb, nimD) and
pBF388c (8.2 kb, nimE) and can also be found on the chromosome [Haggoud ef al., 1994]. The
nim genes are activated in all cases by IS elements and they encode a nitroimidazole reductase
protein [Reysset, 1996; Carlier ef al., 1997]. This type of resistance mechanism can be transferred
by conjugation [Reysset et al., 1993]. The other type of resistance against metronidazole that
results high metronidazole MICs, involves multiple chromosomal mutations and is not
transferable. This resistance may be a sum of reduced nitroreductase activity, decreased uptake of
the drug, increased lactate dehydrogenase and decreased pyruvate-ferredoxin oxydoreductase
activities [Rasmussen et al., 1997]. Other mechanisms that may contribute to resistance to
metronidazole in Bacteroides species include over-expression of multidrug efflux pumps [Pumbwe
et al., 2007]. In addition, recent studies have shown that B. fragilis RecA protein overexpression
may also causes resistance to metronidazole. This DNA repair protein has role in maintaining
endogenous DNA stability and its contribution to resistance to metronidazole and other DNA
damaging agents [Steffens et al., 2010]. Resistance to metronidazole is one of the rarest type of

resistance among Bacteroides strains.

13



1.3.4. Resistance mechanisms to tetracyclines

The mechanism of action of these antibiotics is based on inhibition of the bacterial
protein synthesis. The members of this group of antibiotics are among others tetracyclin,
doxycycline and tigecycline, which latter is the first member of a new subgroup, namely,
glycylcyclines. Tetracycline was a very effective antibiotic for treatment Bacteroides infections up
to the late 60's, recently a great part of the Bacteroides isolates are resistant to this antibiotic. The
increase of this resistance rate is due to the frequent presence of chromosomal conjugative
transposons or Tc® elements, which are carrying the tetracycline resistance gene (terQ) [Salyers et
al., 1995]. The mechanism of action of these proteins expressed by these genes (in addition to tetM
and tet36) is based on ribosomal protection [Roberts, 1996]. The tet36 gene was not present in
human clinical and intestinal Bacteroides isolates, but was found in diverse bacterial genera
including Bacteroides taken from swine manure [ Whittle et a/., 2003]. In addition, other resistance
mechanisms against tetracycline were found in Bacteroides strains. One of them is the tetX gene,
which could be found on Tn4351, on Tn44000 and on some conjugative Tc" elements [Rasmussen
et al., 1993]. The product of fetX and fetX! genes is an FAD-dependent monooxygenase, which

destroys tetracycline, but may also raise the MIC values of tigecycline [Shoemaker et al., 2001].

1.3.5. Resistance mechanisms to quinolones

BexA is an efflux pump, which is encoded by the bex4 gene, a member of the multidrug
and toxic compound extrusion class family (MATE) and has been described in Bacteroides
thetaiotaomicron [Miyamae et al., 2001]. This efflux pump is one of the possible resistance genes
responsible for developing resistance to the newer fluoroquinolones, including moxifloxacin of B.
fragilis group strains. One further mechanisms of quinolone resistance have been identified in
gram-negative organisms: mutations in DNA gyrase. A single point mutation in gyr4 or in with the
homologous par4 has been shown to reduce susceptibility to fluoroquinolone [Deguchi et al.,

1996; 1997].

1.4. The antibiotic susceptibility testing methods for anaerobes
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For different reasons (such as difficulties to standardize methodology, long incubation time
needed for slow growing anaerobes, and also for economic reasons) antibiotic susceptibility
testing is not carried out routinely for all anaerobic isolates in clinical microbiological laboratories.
Infections involving anaerobes are usually treated empirically based on published surveillance
data. The indications for susceptibility testing for anaerobes are the followings: 1) there are some
specific infections from which isolates should be considered for susceptibility testing (such as
endocarditis, osteomyelitis, central nervous system infection, refractory or recurrent bacteraemia,
joint infection prosthetic device infection, and organism isolated from any normally sterile site of
the body; 2) infections not responsive to empiric therapy or infections which require long-term
therapy; 3) to determine patterns of susceptibility of selected anaerobic bacteria in a particular
hospital or geographic area; 4) to evaluate the activities of the newly developed antibiotics
[Wadsworth-KTL, 2002]. The antibiotic resistance patterns of the clinical isolates may have

important implication for clinical outcome.

1.4.1. Agar dilution method

Agar dilution method is the gold standard reference method for determination of MICs of
antibiotics, that can be utilized to test the susceptibility of any anaerobic bacteria. This method has
a wide variety of advantages: this is the most accurate way to measure the resistance of bacteria to
antibiotics and up to 30 isolates (plus two controls) can be tested at once on a series of agar plates
containing the double dilutions of an antibiotic. Accordingly, agar dilution is very useful method
for testing several isolates simultaneously. Disadvantages are that is takes a lot of time, because of
the agar plate preparation with the specific amount of antibiotic is time consuming, and the plates
should be used as soon as possible because of the instability of some antibiotics. At the same time
just one antibiotic can be tested on a series of plates and the investigation only one or few clinical
isolates is a very wasteful and expensive procedure. Evaluation of the results may require
experienced personal, but accurate MIC determination is possible. For these reasons this method is
usually used for large evaluations of some groups of anaerobic bacteria in one time, whereas it is
possibly the most accurate and reliable method [Philips ef al., 1992; Olsson-Liljequist and Nord,
1994; Betriu et al., 2008; Veloo et al., 2011]. Agar dilution method is recommended by CLSI as

reference method for antibiotic resistance surveillances [CLSI, M11-A7, 2007].

1.4.2. Broth micro-dilution method
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The broth micro-dilution method for determination of MICs is easier to perform than agar
dilution, but has only been validated for antimicrobial susceptibility testing of B. fragilis group
bacteria [CLSI, M11-A7, 2007]. The broth micro-dilution method can evaluate the susceptibility
of multiple antibiotics simultaneously using the same microtiter plate. Nonetheless this method is
not recommended to test the antimicrobial susceptibility of different slow growing anaerobic

clinical isolates in the routine laboratories [CLSI, M11-A7, 2007; Jenkins and Schuetz, 2012].

1.4.3. Gradient diffusion method (E-test)

The E-test is a widely used method in microbiology diagnostic laboratories to determine
the antibiotic susceptibility of the isolates based on MIC determination [Citron ef al., 1991]. This
method is easy to perform and evaluate, but testing large numbers of isolates or a wide range of
antibiotics could not be accomplished efficiently with this method. It requires less agar plates
compared to the agar dilution method, but more than to use the semi-quantitative determination of
antibiotic susceptibility of anaerobic bacteria by the disc diffusion method. This method is quite
expensive, thus in the routine laboratories (at least in particular countries) it is used successfully to
test the antibiotic susceptibility of clinical anaerobic isolates. Sometimes its applicability depends

on the laboratory financial situation, unfortunately.

1.4.4. Disc diffusion method

The disc diffusion method for susceptibility testing of facultative and aerobic bacteria is
accepted world-wide. It is a semi-quatitative method, but with careful standardization (of the
antibiotic contents of the discs, the inoculum, the media used for culturing and the incubation
time) the results (the inhibition zone diameters) correlate well with the MICs of the antibiotics
tested. Most of the discussed available techniques for antimicrobial susceptibility testing of
anaerobic bacteria based on MIC determination, although allowing testing of the majority of
clinical isolates, are long, cumbersome, and costly for routine use in clinical laboratories. To use
the disk diffusion method would be less expensive and easier to perform than any other
antimicrobial susceptibility testing method based on MIC determination. Disk diffusion
susceptibility testing of anaerobes has been evaluated in the past [Wilkins et al., 1972], but has not
gained general acceptance [Sutter et al., 1972; 1973] especially not for the slow growing
anaerobes. Recently the European Committee on Antimicrobial Susceptibility Testing (EUCAST)

started to harmonize the disc diffusion method for antimicrobial susceptibility testing and
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classification of resistance for aerobic bacteria [http://www.eucast.org/]. With the emergence of
reduced susceptibility towards metronidazole and vancomycin, the need for a simple method for
antimicrobial susceptibility testing of an important anaerobic pathogen, C. difficile has increased.
Based on EUCAST methodology the disk diffusion method was started to be evaluated for C.
difficile by Erikstrup et al. (2012). They found an excellent agreement between inhibition zone
diameters by disk diffusion and MICs by E-test. Disk diffusion was able to distinguish between the
wild type (susceptible) and resistant and intermediate resistant populations and disk diffusion was
able to detect reduced susceptibility towards metronidazole and vancomycin of C. difficile. They
stated that further studies are needed how can be standardized the disc diffusion method for other,

relatively rapid growing anaerobes.
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2.

AIMS OF THE STUDY

The aims of this study were:

IIL.

III.

IV.

To evaluate the EUCAST disk diffusion method for susceptibility testing of a large
number of Bacteroides strains by comparing disk diffusion susceptibility testing results
with MICs determined by agar dilution or gradient test (E-test) for a wide variety of

antibiotics suggested for treatment of anaerobic infections.

To determine the incidence of clinically important c¢fi4A and nim genes among 640 B.
fragilis group strains obtained from different European countries. Beside to test the two
most important resistance genes we were also interested in the presence and distribution of
the bft gene responsible for the toxin production in Bacteroides strains and the possible co-

existence of the bft and cfid genes among clinical isolates.

The incidence of a wide variety of other clinically significant antibiotic resistance genes
were also tested among a subset of 161 of the previously tested 640 B. fragilis group

isolates

To study the co-occurrence of the detected resistance genes, among B. fragilis and non-

fragilis Bacteroides isolates in connection with their resistance to antibiotics.

To study the antibiotic resistance and the resistance gene content of a recent collection of
B. fragilis group isolates obtained from Romania (not included in the previous European

surveillance)
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3. MATERIALS AND METHODS

3.1. Bacterial strains and cultivation

Out of a big collection of different species belonging to Bacteroides and Parabacteroides
genera 640 isolates were used during the different studies described in this thesis. The distribution
of the species can be seen in Table 1. The strains were collected from 13 European countries for
an antibiotic resistance surveillance in 2008-2009 [Nagy et al., 2011] and maintained in -80°C in
the Institute of Clinical Microbiology, University of Szeged, Szeged, Hungary till usage for
different studies described here. In addition, there were 53 B. fragilis group clinical isolates (36 B.
fragilis, 7 B. thetaiotaomicron, 7 B. ovatus and 3 B. vulgatus) which were collected in the period
of 2010 and 2013 at the Diagnostic Laboratory of the Emergency Department of the County
Hospital at Targu-Mures, Romania as this country did not participate in the Europe-wide
surveillance. Species identification was carried out previously by classical routine methods and
confirmed by MALDI-TOF MS if identification was not acceptable [Nagy ef al. 2009; Nagy et al.
2011]. Not all the isolates were used in all studies included in this dissertation. Table 2. shows the

number of B. fragilis and non-fragilis Bacteroides isolates involved in the different studies.

Table 1. Distribution of the Bacteroides species investigated in these studies

Species Number of strains
Bacteroides fragilis 486
Non-fragilis Bacteroides 154
Bacteroides thetai otaomicron 54
Bacteroides ovatus 36
Bacteroides vulgatus 33
Bacteroides uniformis 8
Parabacteroides distasonis 7
Parabacteroides merdae 4
Bacteroides eggerthii 3
Bacteroides massiliensis 3
Bacteroides nordii 3
Bacteroides caccae 2
Bacteroides stercoris 1
Altogether 640
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Table 2. Number of the Bacteroides strains used in different studies

Number of the strains included

Different studi ili
ifferent studies Non-fragilis

B. fragilis Bacteroides Altogether
Looking for the cfiA, nim and bft genes (Paper I) 486 154 640
Testing of co-existance of cfiA and bft genes (Paper II) 486 0 486
Looking for a great variaty of other resistance genes (Paper I11) 128 33 161
Testing of isolates from Romania (Paper 1V) 36 17 53
Evaluation of disc diffusion method (Paper V) 272 109 381

All isolates were stored in Brain Heart Infusion (BHI) broth with 15% glycerine at -80 °C
and were cultivated at 37 °C anaerobically on Brucella blood agar supplemented with haemin
(0.005 g/1) and vitamin K1 (0.01 g/l) (Becton Dickinson, Heidelberg, Germany) in an anaerobic
cabinet (Concept 400; Ruskinn Technology Ltd., Bridgend, UK) using a gas composition of 85%
N,, 10% H, and 5% CO, for 48 h.

The MIC values of the nine antimicrobial agents (ampicillin, cefoxitin, clindamycin,
amoxicillin/clavulanic ~ acid,  piperacillin/tazobactam,  tigecycline,  imipenem/cilastatin,
metronidazole and moxifloxacin) were determined previously by the agar dilution technique, as
recommended by the CLSI and published by Nagy et al. in 2011 [http://clsi.org/]. Reference
strains used during the studies looking for resistance and toxin genes in B. fragilis and related

species are listed in the Table 3.

3.2. Evaluation of the applicability of the disk diffusion method for the antibiotic resistance

determination of Bacteroides strains
3.2.1. Antibiotic resistance determination by disc diffusion

The inoculum from the 24 h primary plates of the isolates (Table 2.) involved in the
evaluation of the applicability of the disc distribution test for the antibiotic resistance

determination was prepared in physiological saline to reach McFarland 1. The 15-15-15-minute

rule of EUCAST
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Table 3.Reference strains used during this study for the detection of
known antibiotic resistance genes and the enterotoxigenic gene

Gene Control strain

CEPA B. fragilis 638R

cfiA B. fragilis TAL3636

cfxA B. vulgatus CLA341

bftl B. fragilis VPI 13783

bft3 B. fragilis GAI 96478

nimA B. fragilis 638R (plP417)

nimB B. fragilis BF8

nimC B. thetaiotaomicron BT13

nimD B. fragilis 638R (plP421)

nimE B. fragilis 388

ermB C. difficile 630

ermF B. fragilis BF8

ermG B. thetaiotaomicron 4001 (pGERM)
linA B. fragilis TR23

mefA B. thetaiotaomicron 4001 (pGERM)
msrSA B. thetaiotaomicron 4001 (pGERM)
tetM C. difficile 630

tetQ B. vulgatus CLA341

tetX B. fragilis BF8

tetX1 B. fragilis BM13

tet36 Escherichia coli DH5a (pGW140.1)
bexA E. coli AG102AX (pBRT20)

was used. This means that the inoculum suspension is used within 15 min after preparation, the
disks are placed on the inoculated plates within 15 min and then the pates are placed in the correct
incubation atmosphere (in our case in the anaerobic environment) within another 15 min. Nine
antibiotics were tested during the disc diffusion measurements on Brucella blood agar
supplemented with haemin and vitamin K1 (Becton Dickinson, Heidelberg, Germany). The
antibiotic  discs were as follows: amoxicillin/clavulanic acid (20/10  pg/disc),

piperacillin/tazobactam (30/6 pg/disc), cefoxitin (30 pg/disc) imipenem/cilastatin (10 pg/disc),
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meropenem (10 pg/disc), clindamycin (10 pg/disc), tigecycline (15 pg/disc), metronidazole (5
ng/disc), moxifloxacin (5 pg/disc). All discs were obtained from BioRad (Marnesla-Coquette,
France) except metronidazole and clindamycin, which were purchased from Oxoid (Basingstoke,
UK). The plates were incubated at 37 °C in an anaerobic atmosphere for 24 h in GasPak™ EZ
Standard Incubation Container (Becton Dickinson, Heidelberg, Germany). Zone diameters were
read at 100% inhibition. All the measurements were carried out with the naked eye using a caliper.
B. fragilis ATCC 25285 and B. thetaiotaomicron ATCC 29741 were used as reference strains for

the evaluation of the disc diffusion method.

3.2.2. MIC determination by the E-test

For some strains the disk diffusion results showed very major error (susceptible by disc
diffusion and resistant by the previous MIC determination). In all these cases the experiments were
repeated. The E-test strips (bioMerieux, Marcyl'Etoile, France) were applied on the same plate as
the corresponding antibiotic discs and because of this the same culture conditions were provided.

B. fragilis ATCC 25285 was used as the reference strain for all MIC measurements, using
the different antibiotic discs and the corresponding E-test on the same plate. No inter-laboratory or
inter-personal reproducibility evaluation was carried out. All the measurements were done by the

PhD candidate.

3.3. Detection of genes responsible for antibiotic resistance and enterotoxin production by

Real-Time PCR (RT-PCR) method

To detect the various antibiotic resistance genes and bft gene the bacterial cells from the
surface of 24 h anaerobic agar plates were suspended in 100 pl distilled water in 1.5 ml Eppendorf
tubes, and incubated at 100 °C for 10 min. The supernatants of the centrifuged suspensions (2 min,
14,000 rpm) were used as template DNA and stored at -20 °C until use. Primers suitable for
providing products in RT-PCR experiments, using the known nucleotide sequences of the genes,
were designed by the Primer3 software (http://frodo.wi.mit.edu/). Each reaction mixture contained
a 5 pul 2x PCR “mastermix” (iQ, Bio-Rad or Brilliant II, Stratagene), 0.7 uM (35 pmoles) of each
primer, 1 pl template DNA, 0.5 pl EvaGreen (Biotium) DNA-binding fluorescent dye (for the 1Q
“mastermix”’) dye and sterile water up to 10 pl final volumes in plastic PCR plates. Amplification
was performed in MxPro3000 (Stratagene, USA) or StepOne (Life-Technologies) Real-Time PCR

instruments. The amplification and the melting curves were observed at a wavelength of 415 nm
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required for the SYBR Green and the EVA Green dyes. The initial denaturation by the
amplification cycles was 10 min (iQ) or 5 min (Brilliant IT). The PCR conditions for the various
genes, primer sequences and PCR parameters are given in Table 4. Positive reactions were
identified by the starting amplification cycle, melting curves showing the correct melting
temperatures, and in rare cases where it was required to compare the size of the products with
those of the positive controls in 1.2% agarose gel electrophoresis. Nucleotide sequencing of the
tetX1 (B. fragilis BM13) and lind (B. fragilis TR23) was carried out as described previously
[Brisson-Noé¢l and Courvalin, 1986; Whittle et al., 2001], and their sequences were compared to
the reference sequences (linAn2 AF251288 and tetX1 AJ311171) by BLAST analysis
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

3.4. PCR RFLP for investigation of bft gene alleles

The bft alleles of the bft gene positive strains obtained by the RT-PCR were determined by
PCR-RFLP.  Using the BTT1 (CATGTTCTAATGAAGCTGATTC) and BTT2
(ATCGCCATCTGCTGTTTCCC) primers the entire bft genes were amplified in end-point PCRs
(95 °C 10 min 1x; 95 °C 30 sec, 62 °C 1 min, 72 °C 1 min, 35x). The PCR products were purified
with the HighPure PCR Cleanup Kit (Roche Diagnostics GmbH, Mannheim, Germany) after
agarose gel electrophoresis and the pure products were digested with Mbol restriction enzyme. The
final products were analyzed by 1.5% agarose gel electrophoresis in TBE buffer, using 0.5 pg/ml
ethidium bromide and UV visualization. The PCR products using the BTT1 and BTT2 primers
were used in PCR RFLP and the expected sizes of the digested fragments were as follows: 839 and
310 bp (bftl); 575, 453 and 111 bp (bft2); 839, 189 and 111 bp (bft3), respectively. Reference

strains used for this method are shown in Table 3.
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Table 4. Oligonucleotide primers and the parameters used for the detection of antibiotic resistance genes and hf#

gene with Real-Time PCR. analysis

Gene Primer 5°—37 PCER cvcles
TTTCTGCTATGTCCTGCCT
cepAd 95°C 15 sec, 56 °C 30 sec, 72°C 1 min, 35x
ATCTTTCACGAAGACGGC
AATCGAAGGATGGGGTATGG
cfid 94 °C 15 sec, 539 °C 1 mun, 72 °C 30 sec, 40x
CGGTCAGTGAATCGGTGAAT
TGACTGGCCCTGAATAATCT
cficd 95 °C 15 sec. 55 °C 1 min. 72 °C 30 sec, 35x
ACAAMAAGATAGCGCAAATCC
ATGTTCAGAGAAATGCGGCGTAAGTG
min 94 °C 15 sec, 62 °C 30 sec, 72 °C 30 sec, 35x
GCTTCCTCGCCTGTCACGTGCTC
GCGGAATGCTTTCATCCTAA
ermB 95°C 15 sec, 59°C 30 sec, 72 °C 30 sec, 35x
GCGTGTTTCATTGCTTGATG
TAGATATTGGGGCAGGCAAG
ermF 95 °C 15 sec, 58 °C 1 min. 72 °C 30 sec, 35x
GGAAATTGCGGAACTGCAAA
ATAGGTGCAGGGAAAGGTCA
ermG 95°C 15 sec, 59°C 30 sec, 72 °C 30 sec. 35x
TGGATTGTGGCTAGGAAATGT
CTGGGGAGTGGATGTCTTGT
lired 95°C 15 sec, 60°C 30 sec, 72 °C 30 sec, 32x
AGTTGGCTTGTTTGGAAGTG
ATACCCCAGCACTCAATTCG
mefA 95°C 15 sec, 59°C 30 sec, 72 °C 30 sec, 35x
CAATCACAGCACCCAATACG
GGGAACTGAAAGATGGCAAA
msrSA 95°C 15 sec, 60°C 30 sec, 72 °C 30 sec. 32x
TACGAGCCTGTTTTCGCTTT
ATCCTTTCTGGGCTTCCATT
rerM 95°C 15 sec, 59°C 30 sec, 72 °C 30 sec, 35x
TCCGTCACATTCCAACCATA
ATCGGTATCAATGAGTTGTT
ter() 95 °C 15 sec, 50 °C 1 mun, 72 °C 30 sec, 35x
GACTGATTCTGGAGGAAGTA
TTAGCCTTACCAATGGGTGT
terX 95°C 15 sec, 55°C 30 sec, 72 °C 30 sec. 35x
CAAATCTGCTGTTTCATTCG
TCAGGACAAGAAGCAATGAA
fetX] 95°C 15 sec, 50°C 1 min_ 72 *C 30 sec, 35x
TATTTCGGGGTTGTCAAACT
TITTCTGGCAGAGGTAGAACG
tet3d 95°C 15 sec, 57°C 30 sec, 72 °C 30 sec, 35x
TTAATTCCTTGCCTTCAACG
TAGTGGTTGCTGCGATTCTG
bexA 95°C 15 sec, 60°C 30 sec, 72 °C 30 sec, 32x
TCAGCGTCTTGGTCTGTGTC
bft CGAACTCGGTITATGCAGTT 95 °C 15 sec. 56 °C 1 min, 72 °C 30 sec, 35x
GGATACATCAGCTGGGTTGT

# Forward and then the reverse primer sequences
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3.5. Investigation of the presence of IS elements and their mapping before the resistance

genes

PCR templates and reaction setups were the same as described previously, and the PCR
strategy to detect resistance genes associated IS elements was also the same as described by Soki
et al., 2004a; 2006. PCR products, and total DNA samples were electrophoresed in 0.7-1.5%
agarose gels in TAE (40 mM Tris-acetate and 1 mM EDTA) or TBE (45 mM Tris-borate and 1
mM EDTA) buffer containing 0.5 pg/ml ethidium bromide; DNA was visualized with UV light,

and permanent records were made electronically.
3.6. Detection of plasmids

The cultivated bacterial cell mass was processed with the Qiagen Plasmid Mini Preparation
Kit (Qiagen, Hilden, Germany). Plasmid (200-300 ng) samples were electrophorized in 0.7 %

agarose gels containing 0.5 pg/ml ethidium bromide in TAE or TBE buffer with a constant voltage

gradient of 5 V/cm.

3.7. Statistical evaluation
Comparisons of the prevalence of different genes in different sets of strains were made by

applying chi-squared or Fischer’s exact tests with the Sigmaplot 12.0 program (Systat Software,

Inc.). The significance threshold level was set at 0.05.
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4. RESULTS

4.1. Evaluation of disc diffusion method for antibiotic susceptibility testing of B. fragilis
group isolates (Paper V)

In this study 381 B. fragilis group clinical isolates were involved (see Table 2.) from the
same collection of isolates used for the antibiotic resistance surveillance during the Europe-wide
study. The strains were collected in different countries in Europe as clinical isolates and the
antibiotic susceptibility of the strains was previously tested by agar dilution method and the MICs
were determined [Nagy et al, 2011]. As reference strains B. fragilis ATCC 25285 and B.
thetaiotaomicron ATCC 29741 were used, recommended by CLSI for the antibiotic resistance
determination by agar dilution. The distribution of the inhibition zone diameters obtained by the
disc diffusion method and MICs for the eight antibiotics where MIC data were available is
illustrated in the histograms as used by EUCAST [http://www.eucast.org/] for demonstrating the
relationship between MICs and zone diameters to prove the applicability of the disc diffusion
method for the antibiotic resistance determination of some less slow growing anaerobic isolates
such as B. fragilis group strains (Fig. 1 A-H).

In the case of imipenem only four isolates were resistant (MIC >8 pg/ml) and two isolates
showed intermediate susceptibility (MIC 4-8 pg/ml). For each MIC value the inhibition zones
varied from 0 to 13 mm, with 90% of the values within 8 mm. However, the resistant isolates were
clearly separated from the susceptible strains: inhibition zone diameter for the resistant strains was
<20 mm and for the susceptible strains > 29 mm, respectively (Fig. 1. A.).

The same was true for metronidazole where only 2 isolates were found, which were
resistant according to the EUCAST breakpoints (Table 5.), with an MIC 8 ug/ml. All but one of
the susceptible isolates had an inhibition zone > 24 mm. The inhibition zones for the different MIC
values varied between 0 and 14 mm and 90% of the values were within 6 mm (Fig 1.B.).

According to the MIC data no amoxicillin/clavulanic acid resistant isolate was among the
strains tested. A very large distribution of the inhibition zones of the strains with the same MICs
was seen (8-14 mm), however intermediate resistant strains (MIC 8 pg/ml) had an inhibition zone

<22 mm with some overlap with susceptible isolates (Fig.1.C.)
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Fig. 1. Distribution of inhibition zone diameters and MICs for 381 B. fragilis group isolates with
different antibiotics. A: imipenem (10 ng/disc), B: metronidazole (5 ng/disc), C: amoxicil-
lin/clavulanic acid (20/10 ug/disc), D: piperacillin/tazobactam (30/6 ug/disc), E: clindamycin (10
ug/disc), F: cefoxitin (30 ug/disc), G: moxifloxacin (5 ug/disc), H: tigecycline (15 ug/disc). Each

isolate is shown in the zone diameter histogram in a color representing its MIC value.
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Fig. 1.F.
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In the case of piperacillin/tazobactam, three resistant strains were found clearly separated
from the intermediate and susceptible population by an inhibition zone <16 mm, however
intermediate and susceptible isolates overlapped by the disc diffusion method. According to these
data, isolates with an inhibition zone <24 mm and >16 mm should be tested by the E-test to
determine MICs and differentiate fully susceptible from intermediate susceptible isolates. The
distribution of inhibition zone diameters for each MIC values varied between 0 and 17 mm (Fig
1.D.).

For testing clindamycin susceptibility of the Bacteroides strains by disc diffusion the 10
ug/disc was obtained instead of the 2 pg/disc, used for the antibiotic susceptibility testing of
aerobic bacteria. This clearly separated the resistant population with an inhibition zone <13 mm.
The results showed that the inhibition zone diameters for the clindamycin susceptible strains
stretched out between 14 and 42 mm, however the very susceptible (MIC <0.125 pg/ml) isolates
had a larger inhibition zone diameter in average than those having higher MICs. The distribution
of inhibition zone diameters for each MIC values varied between 0 and 23 mm (Fig.1.E.).

In the case of cefoxitin only CLSI breakpoints are available. According to those the
susceptible isolates had inhibition zone diameters between 18 mm and 36 mm. The isolates with
intermediate MICs (32 pg/ml) had inhibition zone between 18 mm and 27 mm, but this range
overlapped with the fully susceptible isolates (MIC <16 pg/ml). However, the resistant population
(MIC >32 pg/ml) was separated from the susceptible isolates with an inhibition zone <15 mm. The
zone diameters varied for the different MICs between 0 and 15 mm (Fig 1.F.).

For moxifloxacin only CLSI breakpoints are available (Table S.) (Fig.1.G.). The disk
diffusion test clearly separated the susceptible isolates with an inhibition zone >19 mm. Only few
isolates were found in the intermediate range with an inhibition zone between 11 mm and 18 mm.
All the resistant isolates (MIC >4 pg/ml) had a zone diameter <10 mm. The zone diameters varied
for the different MICs between 0 and 11 mm with 95% within 6 mm.

For tigecycline (Fig. 1.H.) no MIC breakpoints are available in the EUCAST or CLSI
documents, accordingly only comparison of the MICs and the zone diameters was possible.
Among the strains tested only three were found which could be considered fully resistant and had
no inhibition zone at all with MICs >32 pg/ml. All the strains which had MICs <4 pg/ml could be
separated with a zone diameter >20 mm. For each MIC value the inhibition zones varied from 0 to
11 mm, with 90% of the values within 6 mm.

For meropenem we did not have MIC data from the previous European surveillance study.
Most of the strains had a zone diameter >28 mm, which separated the few isolates, which can be

considered intermediate susceptible or resistant to carbapenems (Fig. 2.). If we compared the
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distribution of the zone diameters of imipenem and meropenem more isolates not belonging to the
wild type strains (being fully susceptible) could be detected by the meropenem disc (Fig. 2.) This
is in agreement with some other studies where meropenem could better distinguish between

carbapenem susceptible and intermediate susceptible isolates [Toprak et al., 2012].

Fig. 2. Distribution of inhibition zone diameters of meropenem (10 ug) disc for 381 B. fragilis

group isolates.
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According to these data, with one exception (cefoxitin), we could suggest tentative zone
diameter breakpoints using the disc diffusion method for susceptible isolates of B. fragilis group
strains based on the MIC breakpoints set by EUCAST and for some antibiotics by CLSI (Table
5.).
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Table 5.EUCAST MIC breakpoints for the antibiotics tested and the suggested susceptibility
zone diameter breakpoints

EUCAST clinical MIC breakpoints  Suggested zone diameter

Antimicrobial agents (ng/mL) breakpoints (mm)
<S >R <S
Imipenem 2 8 29
Metronidazole 4 4 24
Amoxicillin/clavulanic acid 4 8 15
Piperacillin/tazobactam 8 16 25
Clindamycin 4 4 25
Cefoxitin® 16 32 ?
Moxifloxacin® 2 4 19

 Only CLSI breakpoints are available.
?: means that no zone diameter sensitivity breakpoint decision was possible.

4.1.1. Re-testing of isolates with discrepant results obtained by the disc diffusion method and the

agar dilution MIC determination

In those cases, where discrepant results such as major errors (when isolates were
susceptible by agar dilution method, but resistant by disk diffusion), or very major errors
(susceptible with the disc diffusion method and resistant according to the agar dilution method)
were found, the MIC determination was repeated by E-test and disc diffusion zone diameters were
also determined on the same agar plate. Data of these repeated measurements were taken in
consideration during the final data processing shown in section 4.1. The MICs measured by E-test

confirmed disc diffusion result in most of the cases. (Fig. 3. Fig. 4.)

Fig. 3. Parallel measurements of the zone diameter and the MIC by E-test in case of HR54 B.

fragilis
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Fig. 4. Parallel measurements of the zone diameter and the MIC by E-test in case of SW17 B.
fragilis

The evaluation of the results of the repeated disk diffusion measurements gave also an
opportunity to check the reproducibility of the measurements of the inhibition zones. Out of the
113 measurements (different isolates and different antibiotic discs), 88.5% of the repeated
measured inhibition zone diameters were within 0-3 mm (Fig. 5). We also evaluated the
reproducibility of the zone diameter for the reference strain B. fragilis ATCC 25285 used
throughout the experiments. The standard deviations of the zone diameters for the B. fragilis
ATCC 25285 based on 15 parallel measurements were between 0.5 and 2.2 mm for the different
antibiotics (Table 6.).

Fig. 5. Zone diameter differences between repeated measurements (altogether 113)
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Table 6.Standard deviation of the zone diameters of different antibiotic discs based on 15 parallel measurements
Antibiotic discs
B. fragilis ATCC 25285 AMC TZP CFX IMI MER DA TET TIGE MTZ MXF
(20/10 (30/6 pg) (30pg) (10uwg) (10pug) (10 (30uwg) (15Spg) (Spg) (Spg)

Range of zone diameter (mm) 340 320 300 370 350 300 330 280 310 310

Average of 15 control
measurements during the study 34.0 30.7 28.8 36.6 33.6 30.3 30.8 27.7 29.2 29.7

SD 1.6 11 2.0 2.5 2.2 0.5 2.1 15 1.4 1.0

4.2. The prevalence of the cfi4 and nim genes among 640 clinical Bacteroides isolates

originated from Europe and investigation of the IS elements activating these genes (Paper I)

In this part of the study we were interested in the prevalence of the two most important
resistance genes among a large cohort of the Bacteroides isolates originated from all over Europe.
Out of the 640 Bacteroides fragilis groups strains 43 (6.7%) harbored the cfi4 gene and 3 (0.5%)
was nim gene positive (Table 7.). All the cfid positive isolates belonged to B. fragilis giving an
8.8% positivity of the 486 isolates belonging to this species. Out of the 43 cfi4 positive B. fragilis
strains 33 proved to be imipenem sensitive during the MIC determination with MIC <4 pg/ml

(data not shown), which shows the wider carriage rate of this resistance gene among the B. fragilis
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clinical isolates than the expression of the carbapenem resistance.

Table 7.Prevalence of cfiA , nim and bft genes among the 640 Bacteroides strains collected
for the antibiotic resistance surveillance from Europe

Resistance gene Bacteroides (n=640) B. fragilis (n=486) NFB (n=154)
cfiA 43 (6.7) 43 (8.8) 0 (0.0
nim 3(0.5) 2 (0.4) 1 (0.6)
bft 68 (10.6) 68 (14.0) 0(0.0)
bftl allel 51 51 0

bft2 allel 15 15 0

bft3 allel 2 2 0

bft + cfiA 4 4 0

From the 640 Bacteroides isolates examined 22 had an imipenem MICs >4 pg/ml (non
susceptible) and out of these 7 isolates had an MIC >16 pg/ml (belonging to the resistant
category). Out of the 22 imipenem non-susceptible isolates (MICs >4 pg/ml) 10 harbored the cfi4
gene (Table 8.). Of the 10 B. fragilis strains with elevated imipenem MICs (4-8 pg/ml) four
(40.0%) were cfid-positive, while 6 (85.7%) of the 7 imipenem-resistant (MIC >16 ug/ml) B.
fragilis isolates were cfid-positive. No non-fragilis Bacteroides strains were resistant to imipenem.
A cfid-negative, but imipenem-resistant B. fragilis isolate was identified in this study (B. fragilis
FI37) with a possible other resistance mechanisms than cfi4-mediated carbapenemase activity
(Table 8.).

Among the strains with MIC 4 pg/ml to imipenem and harboring the c¢fi4 gene (B. fragilis
IT15) an IS element has been shown upstream of the cfi4 gene (IS4351) by PCR mapping. Among
the cfid-positive and imipenem-resistant strains (MIC >16 pg/ml) four harbored IS elements
upstream of the resistance gene (Table 8.). The remaining two cfid-positive isolates that were
imipenem-resistant, but without activating IS elements upstream of cfi4 displayed a heterogeneous
resistance phenotype shown by the imipenem E-test (Fig. 6). The types of cfid-activating IS
elements were IS1187 (n=2), IS614B (n=1), and a novel IS element (n=ISBfll; GenBank
accession no. GQ449386) was also described for B. fragilis NLH3 that had 77% homology
compared with IS614B. B. fragilis 1T15 harbored IS435/ upstream of the cfi4 gene, but its
imipenem MIC was lower (4 pg/ml) (intermediate resistant). Two highly imipenem-resistant
strains (B. fragilis HU61 and FR41) were also genetically “silent”, their cfi4 genes not being

activated by IS elements. This phenomenon can be explained by activation of the cfi4 genes till yet
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unidentified mechanism that boosts the carbapenemase activity of the strains.

Fig. 6. Heterogeneous imipenem-resistant phenotype of Bacteroides fragilis FR41 detected by E-

test. The first (0.25 ug/mL) and second (4 png/mL) inhibition zones are marked by thin and thicker
arrows, respectively.
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Table 8. Analysis of the imipenem resistance mechanism of strains with elevated imipenem minimum inhibitory
concentrations (MICs) (>4 pug/mL)

Strain Imipenem MIC (ug/mL) cfiA  Upstream region Mechanism
B. fragilisSw42 4 - - Other?
B. fragilisSW46 4 - - Other
B. fragilisSW83 4 - - Other
B. fragilisTR38 4 - - Other
B. fragilisHU25 4 - - Other
B. fragilisF163 4 - - Other
B. eggerthii GR67 4 - - Other
B. thetaiotaomicron BEM28 4 - - Other
Parabacteroides merdae GR70 4 - - Other
B. fragilisDE14 4 + 280 bpb ,,Silent” with increased MIC
B. fragilisHU51 4 + 280 bpb ,,Silent” with increased MIC
B. fragilisIT15 4 + 14351 IS-activated
B. stercoris HU59 8 - - Other
B. thetaiotamicron BEA22 8 - - Other
B. fragilisHU92 8 + 280 bpb ,,Silent” with increased MIC
B. fragilisTR27 16 + 151187 IS-activated
B. fragilisTR31 16 + 181187 IS-activated
B. fragilisHU61 32 + 280 bp® Heteroresistant
B. fragilisNLH3 >32 + 1Bf11 IS-activated
B. fragilisFR41 >32 + 280 bpb Heteroresistant
B. fragilisFI87 >32 + 1514B IS-activated
B. fragilisFI37 >32 - - Other

? The effects are not caused by cfiA.
® The 280-bp PCR fragment displays no insertions upstream of cfiA.

Of the 640 Bacteroides strains, 21 had reduced susceptibility to metronidazole (MIC > 4
pg/ml) and only 3 (B. fragilis 1T724 and IT797 and B. thetaiotaomicron HU66) harbored nim
genes
(Table 7. and Table 9.), with the following metronidazole MICs 0.125 pg/ml (B. fragilis IT797), 1
pg/ml (B. fragilis 1T724) and 256 pg/ml (B. thetaiotaomicron HU66) (Table 9.). An examination
of the nim-mediated resistance mechanisms revealed that B. fragilis 1T797 and 1T724 harbored
chromosomal nimA and nimC genes, respectively. By contrast, the nimE gene of B.
thetaiotaomicron HU66 was located on an 8.3 kb (pBF388c-like) plasmid described earlier [Soki
et al., 2006] and was activated by ISBf6 (Fig. 7.). No nim-specific plasmids were detected in the
two other strains. Furthermore, B. fragilis IT797 harbored IS1168 and IS1170, but these elements
could not be mapped before the nimA gene by PCR mapping. The nim-negative but metronidazole-
resistant Bacteroides strains found in the current study may have other resistance mechanisms
(reduced uptake, nitroreductase and pyruvate—ferredoxin oxidoreductase activities, increased
lactate dehydrogenase activity, or mutations that alter the carbohydrate utilization affecting the

redox state) which shortcut the detrimental cellular effects of this drug.
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Table 9. List of Bacteroides strains with metronidazole MIC >4 pg/mL and’or nim_gene positivity

Strain Metronidazole {ugmL) nim (location) I5
B fragilis TT797 <(.125 nimA (chromosomal ) 157108 ISII70
B fragiis 10724 . L mimC (chromosomal} - _____
B fragilis NE12/1932
B fragilis WE2Z5/2010
B fragilis NE37/1782
B vilgatus HUIZ52
B fragilis HUS3915
B fragilis HUS3277
B fragilis HU25341
B fragilis HU22317
B stevcovis HU20720
B fragilis HUZ0893
B fragilis BM16
B fragilis FI33112
B fragilis FI33128
B fragilis FI33157
B fragilis FR38
B fragilis FR34
B thetaiviaomicron FR40
B fragilis SP4
B fragilis FR41
B fragilis FI33168
8. thetaioigomicran HUGG 256 nimE (pBF388c-like) I5hf6
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Fig. 7. PCR-RFLP patterns of the nimA to nimF genes cleaved with restriction enzyme Hpall.
1. B. fragilis 1T724 harbored nimC gene. 2. B. fragilis 1T797 harbored nimA gene. M: molecular
marker bands (GeneRuler 100 bp DNA Ladder Plus, Fermentas, Vilnius, Lithuania).
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4.3. Investigation of the prevalence of the bft gene among the isolates and determination of

the bft alleles (Paper II)

Among the 640 Bacteroides strains studied, 68 were bfi-positive (10.6%) (Table 7.). All bfi
positive strains belonged to B. fragilis providing a 14.0% of prevalence among these isolates.
During the PCR RFLP analysis we found that 51 (75.0%) carried the bft/ allele, 15 (22.1%)
carried the bft2 allele and 2 (2.9%) carried the bft3 allele (Table 7., Fig. 8.). To explore the roles of
these alleles in non-intestinal pathogenesis of B. fragilis, we checked the distribution of the three
bft types in isolates originating from different clinical samples, especially among blood culture
isolates. The overall bft prevalence and the prevalence of the bft/-3 alleles among the strains
examined in this study were not significantly elevated among the blood culture isolates (9.2% vs.
7.3%), but the number of isolates obtained from blood cultures was rather low (n=5), which could

be the cause of the non-significant test result (data not shown in detail).

Fig. 8. PCR-RFLP analysis for characterization of bft genes cleaved with restriction enzyme Mbol.
1-4. B. fragilis 657, 45416, 20895 and TR11 (bftl); 5. IT722 (bft2); 6. IT749 (bftl); 7. GR582
(bft2); 8-9. GR456 and GR434 (bftl); 10. GR513 (bft3); 11-12. GR510 and FI53138 (bftl). M:
molecular marker bands (GeneRuler 100 bp DNA Ladder Plus, Fermentas, Vilnius, Lithuania).

4.3.1. Analysis of the cfiA-bft doubly positive B. fragilis strains (Paper II)

Of the 486 B. fragilis strains, 43 were cfid-positive (Table 7.). Surprisingly, of the 68 bfi-
positive B. fragilis strains, 4 were also cfid-positive (Table 7. and Table 10.). Comparing the
prevalence of the bft genes among the cfid-negative (64 out of 443 strains) (14.4%) and cfi4-

positive (4 out of 43 strains) (9.3%) strains by using Fischer’s exact test did not reveal a
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statistically significant difference, which means a basically equal distribution of the bft genes
among cfid-positive and -negative B. fragilis strains (data not shown). The four bft-cfiA doubly
positive strains were isolated in four different European countries (Belgium, Hungary, Italy and

Turkey) and we have data about three of them originating from sever infection (Table 10.).

Table 10.Characteristics of the bft cfiA doubly positive B. fragilisstrains

Characteristics B. fragilis

R19811 (UK) 1O (Turkey) g (Belgiunf) 1T9 (Italy)  HU92 (Hungary}

intra-abdominal .
blood wound not known  periproctal abscess
abscess

cfiA + + + + +
Imipenem MICs (ng/mL) >256 0.5 2 2 8
cfiA upstream 1S6148 IS- IS- IS- IS-
bft gene allel bft 1 bft 1 bft 1 bft 1 bft 1

? Isolate investigated and published by Terhes et al ., 2007
® Isolates investigated in this study

The bftl allel was found in all 4 doubly positive isolates found in this study and also in a
5™ isolate originating from the UK and investigated earlier in our laboratory [Terhes et al., 2007].
The presence of the bft gene together with a “silent” c¢fi4 gene was found in all four isolates from
this study and also with an “expressed” cfi4 gene providing antibiotic resistance for imipenem

beside the enterotoxic activity of the strain from the previous study.

4.4. The prevalence of other antibiotic resistance genes among a subset of the 640 B. fragilis

group strains (Paper III)

In this study, a more detailed molecular analysis was performed to learn more about the
incidence and distribution of the different resistance genes already described to be present among
B. fragilis group strains. Out of the 640 strains which were tested for the presence of the cfi4 and
nim gene, we chose 161 (128 B. fragilis and 33 non-fragilis Bacteroides) strains (see Table 2.) in
order to detect the occurrence of the following further genes: cepA, cfx4, ermB, ermF, ermG, linA,
mefA, msrSA, tetM, tetQ, tetX, tetXI, tet36 and bexA. The selection criteria of the strains were
intended to represent the whole collection, taking into account how many strains were collected by
the different countries originally and in particular one country (Hungary). The distribution of the
genes among the strains by countries is shown in Table 11. The most prevalent resistance genes
were tetQ (80.1%), cepA (70.2%), ermF (24.2%) and linA (21.7%) with no significant difference

among the different European countries. No nim, tetM and tet36 gene was detected among these
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161 isolates (Table 11.).

We also compared the prevalence of the tested genes among the B. fragilis isolates (128)
and those which belonged to different other species of the genus Bacteroides (33). (Table 12.).
Cfid, ermB, ermG and msrSA were only detected in B. fragilis isolates, however no significant

other differences were observed in the prevalence of the other genes among B. fragilis and non-

fragilis isolates.

Table 12.Prevalence of the investigated antibiotic resistance genes among the B. fragilis and non-fragilis Bacteroides strains

Bacteroidesfragilis Number of strains with resistance gene®
group strains

cepA cfxA cfiA emB emF emG IlinA mefA mgSA tetQ tetX tetX1 bexA

B. fragilis (n=128)

101 19 12 1 29 9 28 17 9 101 13 7 6
Non-fragilis Bacteroides
(n=33) 12 10 0 0 10 0 7 3 0 28 3 1 6
Altogether: 113 29 12 1 39 9 35 20 9 129 16 8 12

# Non of these isolates harboured the nim, tetM and tet36 gene

4.4.1. Correlation of the cepA, cfxA and cfid genes with the ampicillin, cefoxitin and imipenem

resistance among B. fragilis and non-fragilis Bacteroides strains

All the B. fragilis strains (128) were resistant to ampicillin (MIC > 2 pug/ml) and 101 of
them (78.9%) harbored the cepA gene. Among the 33 non-fragilis Bacteroides strains which were
also resistant to ampicillin, only 12 of them (36.4%), carried the cepA gene (Table 13.).

The cepA gene distributed with significantly different frequencies among B. fragilis and
non-fragilis Bacteroides strains (p < 0.001). The presence of the cep4 gene did not correlate with
the ampicillin MIC values of the tested strains (Fig. 9.); rather, it occurred among all ampicillin
MIC ranges (from 2 to 256 pg/ml). Out of the 11 cefoxitin-resistant B. fragilis strains, 3 of them
(27.3%) harbored the cfxA4 gene and out of the 9 cefoxitin resistant non-fragilis Bacteroides strains

just 1 (11.1%) harbored the cfx4 gene (Table 13.).
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The relationship between the cefoxitin MIC values of the strains and the carrying of the

cfxA gene is depicted in Fig. 10. Interestingly, among the strains with high MIC values (64 pg/ml),

the cfxA gene was often absent. Also, in contrast to cepA, this gene was more common among non-

fragilis Bacteroides strains (p=0.039).

Table 13.Distribution of the cepA, cfxA, and cfiA genes among the B. fragilisand non-fragilis Bacteroides strains and
correlation of the genes with the Bacteroides strains resistance to ampicillin, cefoxitin and imipenem

Bacteroides strains

Number of strains with resistance genes (%)

CEPA cfxA cfiA
B. fragilis(n=128) 101 (78.9)° 19 (14.8)° 12 (9.4)
Non-fragilisBacteroides (n=33) 12 (36.4)° 10 (30.3)° 0(0.0)

Number of resistant strains with resistance genes

Number of resistant Bacteroides strains® Antibiotic (%)

CcepA CfxA cfiA
B. fragilis(n=128) Ampicillin 101 (78.9) - -
B. fragilis(n=11) Cefoxitin - 3(27.3) -
B. fragilis(n=1) Imipenem - - 1(100.0)
Non-fragilisBacteroides (n=33) Ampicillin 12 (36.4) - -
Non-fragilisBacteroides (n=9) Cefoxitin - 1(11.1) -
Non-fragilisBacteroides (n=0) Imipenem - - 0 (0.0)

Ampicillin > 2 pg/mL Cefoxitin > 64 pg/mL Imipenem > 16 ng/mL.

# Resistance breakpoints according to CLSI (MIC pg/mL)

® The difference is statistically significant (p< 0.001) between values marked by the superscript b letters.
¢ The difference is statistically significant (p= 0.039) between values marked by the superscript c letters.
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Fig. 9. The distribution of cepA-positive and cepA-negative Bacteroides strains in terms of ampi-

cillin MIC values.

Fig. 10. The distribution of cfxA-positive and cfxA-negative Bacteroides strains in terms of the

cefoxitin MIC values.
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4.4.2. Correlation of the ermB, ermF, ermG linA, mefA and msrSA genes with the clindamycin

resistance among B. fragilis and non-fragilis Bacteroides strains

Of the 161 Bacteroides strains tested, 40 (24.8%) were resistant (MIC >8 pg/ml) to
clindamycin. These consisted of 31 (24.2%) B. fragilis and 9 (27.3%) non-fragilis Bacteroides
isolates. The prevalence of the ermfF, linA, mefd, ermG, msrSA and ermB genes among all
Bacteroides strains tested were 39 (24.2%), 35 (21.7%), 20 (12.4%), 9 (5.6%), 9 (5.6%) and 1
(0.6%), respectively (Table 14.). The prevalence of the ermF, linA, mefA, ermG, msrSA and ermB
resistance genes among the clindamycin-resistant Bacteroides strains were much higher 30
(75.0%), 14 (35.0%), 11 (27.5%), 9 (22.5%), 9 (22.5%) and 1 (2.5%) respectively (Table 14.). The
distribution of the genes which are considered to be responsible for the clindamycin resistance
(ermB, ermF, ermG, linA, mefA and msrSA) alone or in combination with other genes in B. fragilis
or non-fragilis Bacteroides strains among the tested isolates or in clindamycin-resistant strains is

shown in Table 14.

45



Table 14.Distribution of the ermB, ermF, ermG, linA, mefA and msrSA genes among the B. fragilis and non-fragilis Bacteroides
strains and correlation of the genes with the Bacteroides strains resistance to clindamycin

. . Number of strains with resistance genes (%
Bacteroides strains g9 (%)

ermB ermrF ermG linA mefA msrSA
Bacteroides fragilis (n=128) 1(08) 29(22.7) 9(7.0° 28(219) 17(133)  9(7.0)
Non-fragilis Bacteroides (n=33) 0(0.0) 10(30.3)  0(0.0° 7(21.2) 3(9.1) 0(0.0)
Number of resistant Bacteroides I Number of resistance strains with resistance genes (%)

a Antibiotic

strains -

ermB ermF ermG linA mefA msrSA
Bacteroides fragilis (n=31) ) ] 1(3.2) 23(742) 9(29.0° 9(29.0° 11(355°  9(29.0)

. . Clindamycine

Non-fragilis Bacteroides (n=9) 0(0.0) 7(77.8) 0(0.0F  5(55.6) 0 (0.0 0(0)

? Resistance breakpoint for clindamycin: >8 pg/mL according to CLSI

®¢ The differences between the prevalences are notable, but not statistically significant (p=0.117 and p= 0.09, respectively) between
values marked by the superscript b and c letters.

% The observed difference is not statistically significant (p= 0.234) between values marked by the superscript d letters, probably
because of the low number of test strains.

¢ The difference is statistically significant (p= 0.043) between values marked by the superscript e letters.

The most common resistance gene was ermF, accounting for most of the clindamycin
resistant strains. The ermF gene was present in 23 (74.2%) of the 31 clindamycin-resistant B.
fragilis strains tested and 7 (77.8%) of the 9 clindamycin-resistant non-fragilis Bacteroides isolates
tested. The incidence of the ermF gene was almost identical in the B. fragilis and non-fragilis
Bacteroides strains, regardless of whether they were resistant to clindamycin or not. The msrSA-
positive and the ermG-positive isolates harbored at least one other resistance gene and some
isolates simultaneously harbored several types of clindamycin resistance genes.

4.4.3. Correlation of the tetM, tetQ, tetX, tetX] and tet36 genes with the tigecycline resistance

among B. fragilis and non-fragilis Bacteroides strains

The prevalence of the fetQ, tetX and tetX1 genes among 161 Bacteroides strains were 129
(80.1%), 16 (9.9%) and 8 (5.0%), respectively (Table 15.). There were no tetM-positive or tet36-
positive strain among the Bacteroides strains tested. Only 3 (1.9%) B. fragilis strains were resistant
to tigecycline (MIC 16 pg/ml) and all of them carried the fetQ gene. Moreover, the tetM, tetX,
tetX1 and tet36 genes were not present in any of the tigecycline-resistant Bacteroides strains (data

not shown).
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Table 15.Distribution of the tetM , tetQ, tetX, tetX1 and tet36 genes among the B. fragilis and non-fragilis
Bacteroides strains and correlation of the genes with the Bacteroides strains resistance to tigecycline

. . Number of strains with resistance genes (%
Bacteroides strains g (%)

tetM tetQ tetX tetX1l tet36
Bacteroides fragilis (n=128) 0 (0.0) 101 (78.9) 13(10.2) 7(5.5) 0 (0.0)
Non-fragilis Bacteroides (n=33) 0 (0.0) 28 (84.8) 3(9.1) 1(3.0) 0 (0.0)

I Number of resistance strains with resistance genes (%
Number of resistant Bacteroides strains® Antibiotic g (%)

tetM tetQ tetX tetX1 tet36

Bacteroides fragilis (n=3) 0 (0.0) 3 (100.0) 0(0.0) 0(0.0) 0(0.0)

Tigecycline

Non-fragilis Bacteroides (n=0) 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)

# Resistance breakpoint for tigecycline: > 16 ng/mL according to CLSI.

4.4.4. Correlation of the bex4 gene with the moxifloxacin resistance among B. fragilis and non-

fragilis Bacteroides strains

The bexA gene, which was considered to be responsible for the moxifloxacin resistance,
was present in 12 (7.5%) of the 161 Bacteroides isolates tested. These consisted of 6 (4.7%) B.
fragilis strains and 6 (18.2%) non-fragilis Bacteroides strains (Table 16.). This difference is
statistically significant (p=0.024). There were no bexA-positive strains among the 18
moxifloxacin-resistant B. fragilis isolates, and of the 6 moxifloxacin resistant non-fragilis

Bacteroides, only one (16.7%) harbored the bexA gene.
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Table 16.Distribution of the bexA gene among the B. fragilis and non-fragilis Bacteroides strains and correlation of
their presence with the resistance of the Bacteroides strains to moxifloxacin

. . Number of strains with resistance genes (%
Bacteroides strains 9 (%)

bexA
Bacteroides fragilis (n=128) 6 (4.7)°
Non-fragilis Bacteroides (n=33) 6 (18.2)°
W Number of resistance strains with resistance genes (%
Number of resistant Bacteroides strains® Antibiotic g 06)
bexA
Bacteroides fragilis (n=18) . _ 0 (0.0
. ) moxifloxacin
Non-fragilis Bacteroides (n=6) 1(16.7)

# Resistance breakpoint for moxifloxacin: >8 ug/mL according to CLSI.

® The difference between the prevalences are statistically significant (p= 0.024) between values marked by the
superscript b letters.

° The observed difference is not statistically significant (p= 0.250) between values marked by the superscript c letters,
probably because of the low number of test strains.

4.5. Antibiotic susceptibility of the B. fragilis group strains isolated in Romania and the

detection of antibiotic resistance genes (Paper 1V)

Romania was not part of the Bacteroides antibiotic resistance surveillance carried out in
2008-2009, because of this 53 isolates (36 B. fragilis and 17 non-fragilis Bacteroides) (see Table
2.) were tested and the data were compared with the data of the Europe-wide study. Despite of the
fact that only small number of strains were tested, all the antibiotic resistance tendencies observed

during the Europe-wide study could be detected (Table 17.).

Table 17. Antibiotic susceptibilities of the 53 Romanian Bacteroides strains

MIC (png/mL) Resistant strains (%)
Antibiotic agent . Romanian European B.
Romanian - -
MIC range MICsy MICyo .. non-fragilis  Fragilis group
B. fragilis : . a
Bacteroides strains
Ampicillin 1->256 32 >256 97.3 94.1 98.2
Amoxicillin/clavulanic acid 1-64 2 16 135 11.8 10.4
Cefoxitin 2-128 16 64 2.7 41.2 17.2
Clindamycin 0.032 —>256 4 8 2.8 235 324
Imipenem 0.064 -2 0.25 1 0.0 0.0 0.8
Metronidazole 0.125-1 0.25 0.5 0.0 0.0 0.5
Moxifloxacin 0.5->32 1 >32 135 17.6 13.6
Piperacillin/tazobactam 1-32 4 16 2.7 11.8 10.3
Tetracycline <0.5-256 32 64 73.0 82.4
Tigecycline 0.032 -8 0.25 0.5 0.0 0.0 1.7

® Nagy et al ., 2011.
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Resistance to ampicillin was 96.3%, and 54.7 % of the resistant strains carried the cepA
gene. Among the 8 cefoxitin-resistant isolates only 2 harbored the resistance gene, the cfx4.
Resistance to amoxicillin/clavulanic acid was 13.0%. 73.0% of the B. fragilis strains and 82.4% of
the non-fragilis Bacteroides were resistant to tetracycline. The resistant strains 78.0% (32)
harbored the fefQ gene. No imipenem- and metronidazole-resistant isolates were found, however 3
B. fragilis strains harbored the cfi4 gene silently. 11 (20.4%) isolates were resistant to
clindamycin. The occurrence of the relevant resistance gene of clindamycin of all the tested 55
strains was the following: 4 ermF, 3 linA, 2 msrSA and 1 ermB, respectively. 100% of the ermF-
positiv strains (4) were clindamycin-resistant. Resistance to moxifloxacin was 13.5% of the B.
fragilis isolates and 17.6% of the non-fragilis Bacteroides isolates. 9 bexA-postive isolates were
detected, all of these strains were susceptible of moxifloxacin.

The prevalence of the tested antibiotic resistance genes among B. fragilis and non-fragilis

Bacteroides isolates originated from Romania are listed in Table 18.

Table 18. Prevalence of the investigated antibiotic resistance genes among the 53 Bacteroides isolates collected in Romania

B. fragilisgroup Number of strains with reistance gene *

strains
cepA  cfxA  cfiA emB emF linA mgSA nim tetM  tetQ tetX  bexA

B. fragilisstrains

(n=36) 32 5 3 0 1 1 0 1 0 25 1 0
non-fragilis

Bacteroides strains 1 2 0 1 3 2 2 0 1 14 1 9
(n=17)

Altogether 33 7 3 1 4 3 2 1 1 39 2 9

# Non of these isolates harbored the ermG, mefA, tetX1 and tet36 gene
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5. DISCUSSION

B. fragilis group strains are the most frequently isolated anaerobic pathogens in
clinical microbiological laboratories. They may cause severe intra-abdominal,
postoperative wound infections, special skin and soft-tissue infections and also sepsis.
Most commonly they are found in mixed infections, but they are also important
constituents of the normal colonic microflora. Infections involving anaerobic bacteria,
including B. fragilis group isolates, are usually treated empirically, based on surveillance
reports about the susceptibility patterns of these pathogens. Consequently, it is very
important to regularly carry out these antimicrobial sensitivity surveillances to have a real
picture about the current resistance levels of these microorganisms.

Antibiotic susceptibility testing of anaerobic bacteria, especially B. fragilis group
strains is becoming more and more important also for the clinical microbiological
laboratories, as the susceptibility of them have become increasingly unpredictable during
the past decades. Resistance development to the most active antibiotics such as
carbapenems, piperacillin/tazobactam, amoxicillin/clavulanic acid and metronidazole has
been reported during nation-wide or European studies [Behra-Miellet et al., 2003;
Snydman et al., 2010; Nagy et al., 2011; Wybo et al., 2014]. Studies showed that the
ampicillin resistance is almost 100% among the B. fragilis group strains. After ampicillin,
the highest resistance rates were found to clindamycin, 28.5-60% for the different
Bacteroides species in Europe. In Argentina, the resistance rate to clindamycin was ~40%
among B. fragilis group strains in 2012 [Fernandez-Canigia ef al., 2012] and 38% of the
tested strains were resistant to clindamycin during a US surveillance study as well.
[Snydman et al., 2011]. Furthermore, increasing resistance to carbapenems and penicillins
in combination with B-lactamase inhibitors are also registered. The resistance rates to
amoxicillin/clavulanic acid and to piperacillin/tazobactam among the Bacteroides spp. are
around 10% in a large European study [Nagy et al., 2011]. Resistance to cefoxitin is also
increasing both in Europe (17.2%) and in the USA (11.2%) [Nagy et al., 2011; Snydman
et al., 2011] The level of imipenem resistance has not changed dramatically during the
past 20 years (0%, <1% and 1.2%), although the percentage of isolates with reduced
susceptibilities (MIC >4 pg/ml) has increased continuously (0.3%, 1.6% and 2.7%) [Nagy
et al., 2011], however, the number of the imipenem-resistant isolates in Asia, for example
South Korea is also quite high (4%) [Lee et al., 2010]. The rate of metronidazole

resistance or reduced susceptibility in Bacteroides spp. is in general low (1-4%).
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Several papers report about cases caused by broadly multidrug-resistant B. fragilis
isolates, and also about the development of resistance in vitro or in vivo in the presence of
antibiotics [Turner et al., 1995; Wareham et al., 2005; Katsandri et al., 2006; Kalapila et
al., 2013]. These factors emphasize the need for antimicrobial susceptibility testing of
anaerobes not only during periodical surveillances in different geographical areas, but

also during the everyday routine laboratory testing.

5. 1. Evaluation of disc diffusion method for antibiotic susceptibility testing of B.

fragilis group isolates (Paper V)

Among the methods which are standardized today for antibiotic susceptibility
testing of anaerobic bacteria the quantitative E-test is used in most laboratories in Europe,
but for many laboratories in low income countries it is too expensive to be used on the
regular bases. Other methods are not for routine use (such as agar dilution method) or are
influenced by many factors (such as broth micro-dilution or spiral gradient endpoint
system) to get reproducible results. For rapid growing anaerobes (Bacteroides spp. or
most of the clostridia) disc diffusion method could be a solution. Earlier several groups
used this method for evaluation the activities of anti-anaerobic drugs, however
standardization of culture circumstances (media, inoculum and incubation) were not fully
solved [Wilkins ef al., 1972; Oitmaa and Benn, 1981; Calliham and Nolte, 1985; Horn et
al., 1987; Barry, 1990].

In 1966, Bauer et al. developed the disc diffusion test for aerobic bacteria (the
Bauer-Kirby method). In 1972, Wilkins ef al. used a single-disc diffusion technique for
determination antibiotic susceptibility of anaerobic bacteria (such as Clostridium,
Peptostreptococcus and Bacteroides) to seven antibiotics. The method was standardized
by correlation of zone diameters with minimal inhibitory concentrations determined by
broth macro dilution method. In 1975, Kwok et al. determined the susceptibility of 55
slow-growing anaerobes to eight antibiotics by agar dilution and disk diffusion tests.
Correlation between minimal inhibitory concentration and inhibition zone diameters was
generally good. Horn ef al. (1987) modified the disc diffusion test, developed by Bauer et
al. (1966) in order to permit testing of anaerobes that grow well after overnight
incubation. They tested 225 isolates of the B. fragilis group to six antibiotics and

determined the antibiotic susceptibility by a disk diffusion test on Wilkins-Chalgreen agar

51



and by the standard agar dilution method. Zone diameters were measured after 24 h. They
found generally good correlation between the MICs and diameters of inhibition zone for
cefoxitin, clindamycin, moxalactam and ticarcillin. However, in the Wadsworth Manual
(2002) used by most routine laboratories in the USA and Europe the semi-quantitative
disc diffusion method is not recommended for antibiotic susceptibility testing of
anaerobic bacteria on the routine bases mostly because the great differences in growth
dynamic of different anaerobic species, but even in the case of “rapid” growing species
the results could be influenced by the proper anaerobic environment, selection of media
and preparation of inoculum.

The disc diffusion method for susceptibility testing of facultative and aerobic
bacteria is accepted world-wide. Recently EUCAST [http://www.eucast.org/], started to
harmonize the disc diffusion method for antimicrobial susceptibility testing and
classification of resistance for anaerobic bacteria as well, first of all as emergence of
reduced susceptibility towards metronidazole and vancomycin was noticed among C.
difficile strains, which may very much influence the treatment of this rapidly spreading,
nosocomial diarrhoea cases and further more because of the growing number of reports
about infections caused by multidrug-resistant Bacteroides isolates. The EUCAST
methodology of the disk diffusion method was started to be evaluated for C. difficile by
Erikstrup et al. (2012). The media, which was used in that study is the Brucella Blood
Agar supplemented with hemin and vitamin K1 (BBA) [Justesen et al., 2012]
recommended for antimicrobial susceptibility testing of anaerobic bacteria by the E-test.
They also tested the effects of the changes in CO, levels and temperature on the inhibition
zone diameters. They found an excellent agreement between inhibition zone diameters by
disk diffusion and MICs determined by E-test for C. difficile strains.

Extensive study was carried out to find the proper media for the disc diffusion
testing of rapid growing Bacteroides isolates as well [Justesen et al., 2011a; 2011b] and
the first evaluation was presented during the ECCMID 2013 [Luu et al, 2013]. In our
study testing a large number of B. fragilis group isolates (381) we used standardized
inoculum preparation, the supplemented Brucella blood agar obtained from the same
supplier (BD, Heidelberg, Germany) through out of the study and a fully controlled
anaerobic incubation for exactly 24 hours. A large selection of B. fragilis and other
Bacteroides spp were tested against 9 antibiotics with differences in the MICs against
these antibiotics. The only drawback of the study was that MIC data were collected

several years earlier for the strains, which were stored in -80 °C afterwards, till we used
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them in our study. This may result differences in the resistance levels of some isolates.
However, discrepant results observed, in most cases very major errors (namely:
susceptible by disc diffusion and resistant by the previous MIC determination) were
cleared up by repeated measurements on the same plate with the E-test and the disc of the
same antibiotic. Reproducibility of the disc diffusion measurements for the control strains
were carried out in two different locations. In Odense during testing the composition of
the broth for the inoculum and the effect of the pre-reduction of the plates no significant
differences were observed in the zone diameters for meropenem, metronidazole and
piperacillin/tazobactam for the control strains such as B. fragilis ATCC 25285 and B.
thetaiotaomicron ATCC 29741 (Paper V). In Szeged, the standard deviation of zone
diameters during the parallel measurements of the 9 antibiotics for the B. fragilis ATCC
25285 were between 0.5 and 2.2 mm (Table 6.), independent of the time points of the
measurement, or the lots of the media.

With one exception (cefoxitin) we could suggest tentative zone diameter
breakpoints for susceptible B. fragilis group strains (Table 5.). We found a good
agreement between the inhibition zone diameters and the MICs for imipenem,
metronidazole, moxifloxacin and tigecycline similar to the previous study testing 104 B.
fragilis group isolates [Luu et al., 2013]. The inhibition zone diameters of meropenem
also separated clearly the isolates, which can be considered wild-type isolates. In case of
amoxicillin/clavulanic acid and piperacillin/tazobactam intermediate and susceptible
isolates according to the MIC determination overlap during the zone diameter
determination. Isolates with an inhibition zone <23 mm for amoxicillin/clavulanic acid
and <25 mm for piperacillin/tazobactam should be retested by a MIC determination
method to differentiate susceptible and intermediate isolates. Different from previous
studies [Oitmaa and Benn, 1981; Luu et al, 2013] instead of the 2 pg, the 10 pg
clindamycin disc was used during this study and a clear separation of resistant and
susceptible population of B. fragilis group strains was observed in this way. However, we
have not evaluated its applicability for the detection of the inducible clindamycin
resistance. In the case of cefoxitin only the resistant population could be separated with
an inhibition zone <17 mm, intermediate and susceptible isolates overlap using the disc
diffusion method. Accordingly, no zone diameter breakpoint could be suggested for

susceptibility to cefoxitin according to our data.

5.2. Investigations on the prevalence of bft and a large series of known antibiotic
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resistance genes among B. fragilis group clinical isolates (Paper I, 11, III and IV)

Beside the phenotypic investigation of antibiotic resistance of anaerobic bacteria
(including B. fragilis group strains), it is highly important to collect data about the
prevalence of the resistance genes among the clinical isolates. Several earlier studies have
shown that a wide range of resistance genes can be found on the chromosome or on
specific plasmids of Bacteroides strains, which may be silent or be responsible for high
level resistance to different antibiotics [Edwards, 1997; Avelar et al., 2003; Lofmark et
al., 2005; Boente et al., 2010; Bartha et al. 2011]. Our aim was not only to look for the
presence of the specific resistance genes in different consortia of B. fragilis group
isolates, but also to evaluate their connection with the phenotypic presence of resistance
to different antibiotics. Genetic methods, compared to conventional phenotypic
susceptibility methods, have the potential to provide a more rapid and reliable assessment
of antimicrobial resistance. a) Genetic susceptibility testing methods can be performed
directly with clinical specimens obviating the need for isolation of the organism by
culture. b) These methods assess the genotype of the organism, whereas conventional
susceptibility techniques asses the phenotype or expression of the genotype under
artificial or laboratory conditions. c¢) In some cases, genotypes may be discerned long
before phenotypes can be determined due to the slow growth of the organism. d) Some
organisms cannot be cultured or are not easily cultured such as anaerobic bacteria and so
only genotypes can be determined in these cases [Cockerill, 1999]. Not only the
prevalence of the resistance genes among our isolates were compared with earlier
literature data, but also with phenotypic resistance data. For a subset of strains we also
investigated the coexistence of the known virulence gene of B. fragilis, the bft gene with

different important resistance genes.

5.2.1. The prevalence of the cfi4 and nim genes among 640 clinical Bacteroides isolates
originated from Europe and investigation of the IS elements activating these genes

(Paper L, 1V)

According to different studies the prevalence of the imipenem resistance among
Bacteroides strains is about 1%, however the presence of the cfi4 gene responsible for
most of the carbapenem resistance in B. fragilis isolates is much higher. In different

earlier studies the prevalence of the cfi4 gene tested by hybridization or by PCR was
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between 1.9 % and 6.9 % in different countries. [ Yamazoe et al., 1999; Edwards et al.,
1999; Soki et al., 2000], however much higher percentage of cfid positivity (27%) was
also reported among 66 clinical Bacteroides isolates from Turkey (all belonging to B.
fragilis) [Toprak et al., 2012]. In our experiments 8.8% of the tested 486 B. fragilis
clinical isolates were positive for the cfi4 gene by PCR, however most of these isolates
had an imipenem MIC <4 pg/ml (33 of 43 isolates) showing that a high number of the
isolates are carrying this resistance gene in a “silent” form.

Previous studies have shown that the imipenem resistance is not transferable, but
resistant clones can be selected after a one-step mutation at a frequency of ca. 107 from
suitable strains usually with an imipenem MIC=1 pg/ml, carrying a “silent”
carbapenemase gene [Podglajen et al.,, 1992]. This mutation means an IS element
insertion into the promoter region of a cfi4 gene and this results a high-level expression
of the carbapenemase gene and the phenotypic appearance of resistance to carbapenems
[Podglajen ef al., 1994]. The cfiA gene without IS element called “silent” c¢fi4 gene, and
these strains can express only very low amounts of B-lactamase. When we compared the
presence of the cfiA gene among those Bacteroides isolates, which proved to be non-
susceptible for imipenem (MIC >4 pg/ml) only B. fragilis isolates (10) harboured the cfid
gene, but only 5 had also an IS element (IS4351, IS1187, ISBfl1 or IS614B) before the
gene. In most cases this was enough to have an imipenem MIC 16 or >32 nug/ml (Table
8.). Only 3 “silent” cfi4A gene harbouring strains were detected among the 36 B. fragilis
isolates originating from the Romanian study, showing a very similar prevalence (8.3%)
of this gene to that of found for the large collection of the European isolates. Our present
study, similarly to some earlier studies from our institute [Soki et al., 2004a; 2004b]
detected some elevated imipenemase activities in “silent” cfi4-positive strains that could
account for non-susceptibility to imipenem in the case of these isolates.

Compared to the prevalence of the cfi4 gene (6.7%) and the nim gene (0.5%)
among the 640 tested Bacteroides strains we have found great difference despite of the
fact that the number of the metronidazole non-susceptible isolates (MIC >4 ug/ml) was
similar to that of imipenem non-susceptible isolates (No. 22). Out of the three nim
positive isolates (2 B. fragilis and 1 non-fragilis Bacteroides) only one had a
metronidazole MIC 256 pg/ml with an ISBf6 before the gene which was located on a
plasmid, while the two “silent” nim genes were located on the chromosome. The nim-
negative strains with elevated MIC to metronidazole found in the current study may have

other resistance mechanisms (such as reduced uptake, nitroreductase and pyruvate-
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ferredoxin oxidoreductase activities, increased lactate dehydrogenase activity or
mutations that alter the carbohydrate utilisation affecting the redox state) which shortcut
the detrimental cellular effects of metronidazole [Rasmussen et al., 1993; Narikawa et al.,
1991; Diniz et al., 2004; Patel et al., 2009]. All these mechanisms were not tested during
this study.

Similar to the large cohort of the European isolates in our Romanian study out of
the 53 Bacteroides isolates there was also only one (1.8%) B. fragilis isolate with a
“silent” nimB gene present on the chromosome. Two moderately metronidazole resistant
B. fragilis isolates were reported from our Institute in 2001 [Nagy et al., 2001] with the
presence of nim gene chromosomally. The gene was activated by the IS1168/IS1186
element in the case of these strains. Opposite to our present study no nim gene was found
among 242 metronidazole susceptible Bacteroides isolates at that time. Several studies
from Europe and other parts of the world proved the presence of the different nim genes
(nim A-1) among Bacteroides strains causing resistance to metronidazole and possible
failure of treatment of severe infections [Jamal ef al., 2004; Gal and Brazier, 2004; Soki et

al., 2006; Trinh and Reysset, 1996; Stubbs et al., 2000]

5.2.2. The rare coexistence of the cfi4 and bft gene among B. fragilis strains (Paper II)

During our study the same bft gene prevalence (14.0%) was found among the 486
B. fragilis isolates with a dominance of the bft1 than in earlier studies [Claros et al., 2000;
Claros et al., 2006] however, we could not confirm the higher percentage of the carriage
rate among blood culture isolates compared to isolates from other sources. The main
finding of this part of our study was the confirmation of the co-existence of the cfi4 and
the bft1 genes in four isolates obtained from geographically different countries. We had
data only for three of the four isolates about the source of isolation and those were
collected from serious infections and despite of the fact that they did not have high MICs
for imipenem (0.5-8 pg/ml) they harbored the “silent” cfid gene beside one of the main
pathogenicity gene known for the B. fragilis strains. During the comparison of the
prevalence of the bft genes among the cfid-negative (14,4%) and the cfi4-positive (9.3%)
strains by using the Fischer’s exact test did not reveal statistically significant differences,
which means a basically equal distribution of the bft gene among the Division I and
Division II isolates of B. fragilis. Very probably the bft gene-carrying conjugative
transposon [Terhes et al., 2007] can easily enter Division II (cfid-positive) B. fragilis
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strains. The mobile property of the bft conjugative transposon is consistent with the fact
that no clonality was observed among the bff-positive strains in earlier studies [Gutacker
et al., 2000]. A recent report also presented the transferable nature of the bff genes since
they were also detected among non-fragilis Bacteroides species from the microbiota of
patients with colorectal carcinoma [Goodwin et al., 2012].

5.2.3. The prevalence of other antibiotic resistance genes among a subset of the 640 B.
fragilis group strains (161) and the correlation of the presence of the genes with specific

phenotypic resistance to different antibiotics (Paper IIL, I'V)

For these 161 B. fragilis group strains we collected data for the presence of 16
different known resistance genes described earlier and tried to compare the phenotypic
resistance pattern with the presence of the responsible genes. The same data were
collected for further 53 recent Bacteroides isolates from Romania. No significant
differences were found between the antibiotic resistance gene content of the earlier
isolated consortia of strains from all over Europe and those isolated later in Romania.

In the case of certain genes (cepA, cfxA), our data confirmed earlier findings: cep4
is very frequent among Bacteroides isolates and can be found among non-fragilis
Bacteroides strains too [Mastrantonio et al., 1996; Boente et al., 2010; Lorenzo et al.,
2012]. The prevalence of cfx4 in this study (18% of all isolates harbored this gene) was
similar to that published earlier being around 15-20% and it was shown not to be the only
factor for cefoxitin resistance [Soki et al., 2000; Avelar et al. 2003; Garcia et al., 2008].
Among the strains with high cefoxitin MIC values (>64 pg/ml) the cfx4 gene was often
absent, a finding similar to that observed in an earlier study from our institute [Soki et al.,
2011].

Our study also clarified the contribution of other genes (ermF and fetQ) being the
most frequently found resistance genes (26.5% and 81.9%, respectively) among all
Bacteroides strains tested. The ermF gene was present in 76% of all clindamycin resistant
Bacteroides, and in 100% of the three tigecycline resistant B. fragilis strains showing a
close correlation with these resistance phenotypes. We also tested some recently
described or unique resistance genes (tetX, tetX1, tet36, tetM, ermB, ermG, linA, mefA and
msrSA) with varying correlation with phenotypic resistance to clindamycin or tigecycline
of B. fragilis or non-fragilis Bacteroides species. However, we detected the co-
localization of some genes (ermG, mefd and msrSA) in a proportion of clindamycin

resistant strains (most probably due to harboring CTnGERM1) [Wang et al., 2003]. We
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were not able to establish whether the genes in this combination were responsible for
clindamycin resistance, but the results emphasize the prevalence of CTnGERM1 among
our collection of strains [Wang et al., 2003]. Our data and those published earlier by
Boente et al. (2010) about a smaller cohort of Bacteroides and Parabacteroides isolates
might be useful in estimating the likelihood of emergence of the more resistant or
multidrug-resistant Bacteroides strains in clinical settings. Multidrug-resistant B. fragilis
and non-fragilis Bacteroides strains isolated increasingly in Europe [Wareham et al.,
2005; Hartmeyer et al., 2012; Urban et al., 2015] or other parts of the world [Rotimi et al,
1999; Sherwood ef al., 2011; Kalapila ef al., 2013] may pose a serious medical threat. In
addition, since Bacteroides are important members of the normal intestinal microbiota,
they are exposed to antibiotics used for various reasons by humans. They have also been
observed as significant reservoirs and sources of antibiotic resistance genes. In our study,
the ermB and ermG genes, which are characteristic for Gram-positive species [Nakajima,
1999], and the fetX and variant tetX! genes [Shoemaker et al, 2001], which code for
aerobic type tetracycline oxidizing enzymes were found among both B. fragilis and non-
fragilis Bacteroides isolates showing the possibility to transfer these genes in the
microbiota. Some of the resistance genes examined by us were, however, found in
susceptible strains as well, which raise the question of their genetic regulation. It is well
known that cepA, cfxA, cfid, nim and the ermF genes are activated by insertion sequence
elements in Bacteroides strains, which may be the case in the other genes as well. Further
more detailed studies are needed in the future to understand better the functionality of
these genes.

The study reported here has provided a fairly complete picture concerning the
connection of antibiotic resistance levels and the antibiotic resistance genes responsible
for their development in Europe. However, it could also be a starting point for further
investigations of the antibiotic resistance mechanisms of the Bacteroides species or for
issues involving the prevalence of the antibiotic resistance genes isolated from the human

intestinal microbiota.
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6. CONCLUSIONS

6.1. Our study confirmed the applicability of the disc diffusion method to distinguish
wild- type Bacteroides strains from those which are not fully susceptible to drugs usually
applied for treatment of anaerobic infections using a large selection of clinical isolates
from all over Europe. We managed to set susceptibility breakpoints for inhibition zone
diameters for all antibiotics tested except cefoxitin, if we followed strictly the EUCAST
rules and we standardized media, inoculum, antibiotic discs’ content, incubation time and
also the strict anaerobic environment. We found a good agreement between the inhibition
zone diameters and the MICs for clindamycin, imipenem, metronidazole, moxifloxacin
and tigecyclin. The inhibition zone diameters of meropenem also separated clearly the
isolates, which can be considered wild-type isolates. In case of amoxicillin/clavulanic
acid and piperacillin/ tazobactam intermediate and susceptible isolates overlap during the
zone diameter determination according to the MIC data which did not prevent to separate

resistant population.

6.2. Data described in this thesis have provided a fairly complete picture about the occur-
rence of the cfiA, nim and bft genes among the largest collection of B. fragilis group
strains tested so fare in Europe (altogether 640 isolates) giving also the possibility to
evaluate the genetic background of the measured elevated MICs, observed for imipenem
and metronidazole. We could also analyze the rare occurrence of cfiA-bft double positive
B. fragilis isolates originating from four different European countries, showing the possi-
ble of more widely spread of this virulent clone of Bacteroides. Of the 640 Bacteroides
strains only 3 harbored nim genes confirming the presence of other resistance mecha-
nisms behind elevated MIC for metronidazole. Of the 22 strains with elevated imipenem
MICs (>4 ug/mL), 10 were cfiA-positive and out of these 5 carried also the activating IS
elements in the upstream regions of the cfiA genes. Other mechanisms behind the elevated

MICs for imipenem should also be presumed.

6.3. Furthermore, the study reported here has provided data concerning the comparison of
the antibiotic resistance levels and the presence of different antibiotic resistance genes
responsible for their development in Europe using the largest collection of clinical iso-
lates of this genus (214 isolates from 10 European countries, including Romania).

In the case of certain genes (cepA, cfxA, cfiA), our data confirmed earlier findings: (a)
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cepA is very frequent among Bacteroides and can be found among non-fragilis Bac-
teroides too, (b) the prevalence of cfxA is around 15-20% (in our study 16%) and it is not
the only factor for cefoxitin resistance, and (c) cfiA has a frequency around 5-7% (in our
study 7%) in B. fragilis strains. The study also clarified the dominance of some genes
(ermF and tetQ) behind the clindamycin and tigecyclin resistance, respectively. Some
additional, known resistance genes such as tetX, tetX1, tet36, tetM, ermB, ermG, msrSA,
mefA and linA, could also be detected both among B. fragilis and non-fragilis Bacteroides

clinical isolates.
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ABSTRACT

Here we examine the carbapenem and my idazole resistance mechanisms of 640 Becteroddes strains
reported in the 2008-2009 European antibiotic susceptibility survey. Of the 22 strains with clevated
imipenem minimum inhibitory concentrations (>4 pg/ml), 10 were ¢fiA-positive and out of these §
carried activating insertion sequence (IS) elements in the upstream regions of the ¢fid genes. How-
ever, resistant strains with cfid genes but with no activating IS clements were found (r=2) as well as
a resistant strain with no iA gene. [n the former the resistance phenotypes by Etest were heteroge-
neous, whilst in the latter no carbapenemase production was seen: both mechanisms have been rarely
observed, examined and characterised. Interestingly, few (1 = 3) nim-positive strains were found, includ-
ing one metronidazole-resistant strain harbouring mienk activated by IS5, and two susceptible strains

harbouring chromosomally located nim genes.
© 2012 Elsevier BV. and the International Society of Chemotherapy. All rights reserved.

1. Introduction

Bacteroides spp. represent one of the most significant groups
of anacrobic bacteria. They are important constituents of the
intestinal microbiota, from where they can cause severe anaerobic
infections ranging from those of the soft tissue and upper respi-
ratory tract to sepsis and various abscesses [1]. Bacteroides spp.
can harbour the highest number of antibiotic resistance mech-
anisms and have the highest antibiotic resistance prevalences
among all pathogenic anaerobes [2]. Because of their special and
usually long culture requirements, temporary records of antibiotic
resistance rates is considered a good and recommended practice
worldwide. Such monitoring was performed mostly in the USA [3]
and Europe [4]. the latter under the organisation of the European
Society of Clinical Microbiology and Infectious Diseases (ESCMID)
Study Group for Antimicrobial Resistance in Anaerobic Bacteria
(ESGARAB), whose name was changed to the ESCMID Study Group
on Anaerobic Infections to cover a broader interest. The general
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Hedberg (Sweden); john [ Linda Wilds “Veloo (The Netherlands: and
Nezhat Giler. Sabiha Glner, Nurver Ulger (Turkey).

trend is almost 100% resistance to penicillins, cephalosporins and
tetracycline, a rising moderate resistance prevalence to cefox-
itin, clindamycin and moxifloxacin, and very low prevalences for
carbapenems, B-lactam/B-lactamase combinations, metronidazole
and tigecycline [3.4]. Following antibiotic resistance monitoring
for Bacteroides in 2000, molecular analyses were carried out to
determine the metronidazole and carbapenem resistance mech-
anisms [5,6]. These investigations demonstrated the roles of the
nim and cfiA genes and their activating insertion sequence (IS) ele-
ments in metronidazole and carbapenem resistance mechanisms,
respectively.
Carbapenem-resistant Bacteroides isolates usually beiong to the
Bacteroides fragilis group, with the ¢fid resistance gene being chro-
mosomal and the majority of ¢fiA-positive strains being susceptibie
phenotypically because of the lack of upregulating IS elements
[1]. The best-characterised metronidazole resistance mechanism
among Bacteroides strains is due to the nim genes (nimA-F) that
may occur in all Bacteroides spedies, and they are either located
on well-characterised plasmids or on the chromosome. The major-
ity of nim-positive Bacteroides isolates studied harbour a nim
gene and a corresponding IS element pair [6]. It is of interest
that the ¢fiA-positive B frogilis isolates form a subgroup within
this species. The ¢fiA-negative and cfid-positive strains are there-
fore often dassified as Division | and I, respectively, and can
be distinguished by differences in DNA-DNA homology rates
and by molecular typing methods such as randomly
polymorphic DNA polymerase chain reaction (RAPD-PCR), ribo-
typing. multilocus enzyme electrophoresis, sequence typing and

0924-8579/S - sce frone matter © 2012 Elsevier B V. and the International Seciety of Chemathetapy, All rights reserved.
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Table 1
Primers and PCR conditions onginally designed and applied n this study.

PCR Mrimers Sequence 5«3 PCR conditions

oA CfiA-RT1 MTCGANGGATGGGGTATGG 95 C for Smin; 35 cycles of 95 C for 155, 59 °C for | man, 72 °C for 305; melting 72-95 €
cfiA-RT12 CLOGTCLOGICAATOLGTGAAT

nim* nimi ATCTICAGAGAAATLLGLLGTAAGCG 95°C for 10min; 35 cycles of 55 C for 305, 62°C for 1 min, 72°C for 1 min; melting 72-95°C

aims GCTTCCTTGCCTGTCATGTGETC

'7“1 method of Trinh andd Reysset was sdapted to real time PCR |13}

matrix-assisted laser-desorption/ionisation time-of-flight { MALDI-
TOF) mass spectrometry |7-12]. The Ambler class A cephalosport-
nase gene, cepA, and the enterotoxin bft genes were reported to
occur exclusively in Division | strains {10},

This study investigated the prevalences of the ofid and nim genes,
the imipenem and metronidazole resistance mechanisms in the
majority of Bacteroides strains reported in the 2008 European Bac-
teroldes antiblotic resistance survey,

2. Materials and methods
2.1. Bacterial strains and cultivation

Atotal of 640 isolates belonging to the Bacteroides and Parabac-
teroides genera (486 B. fragilis, 54 Bacteroides thetaiotaomicron, 36
Bacteroides ovatus, 33 Bacteroides vulgatus, 8 Bacteroides uniformis,
7 Parabacteroides distasonis, 4 Parabacteroides merdae, 3 Bacteroides
eggerthii, 3 Bacteroides massiliensis, 3 Bacteroides nordii, 2 Bac-
teroides caccoe and 1 Bacteroides stercoris) were analysed from the
collection sent to the central laboratory (Institute of Clinical Micro-
biology, University of Szeged, Szeged, Hungary) for the 2008-2009
European Bacteroides antibiotic susceptibility survey (participat-
ing countries: Belgium, Croatia, Czech Republic, Finland, France,
Germany, Greece, Hungary, Italy, Spain, Sweden, The Netherlands
and Turkey). [solate identification was carried out by routine clin-
ical methods. Strains were stored at 70 C in CryoBank vials
(Mast Diagnostica, Rheinfeld, Germany) and were cultivated at
37°C anaerobically on Columbia agar supplemented with 5% (v/v)
sheep blood, 5 g/L haemin and 1g/L vitamin K;, or in BHIS broth
fbrain-heart infusion broth supplemented with 0.5% (w/v) yeast

extract, 5g/L haemin and 1g/L vitamin K| in an anaerobic cabi
net (Concept 400; Ruskinn Technology Ltd., Bridgend, UK) under,
gas composition of 85% Ny, 10X Hz and 5% CO; for 48 h, Antibioth
resistance results were obtained from the susceptibility measure
ments done previously by the agar dilution method [4] or by Etes
(bioMérieux, Marcy-I"Etoile, France) as recommended by the sup
piler. The following control strains were used: B fragilis TAL363!
(cfiA); B, fragilis 638R (pIPA17) (nimA); B, fragilis BF-8 (nimB); B, frag
ilis B38R (pIP419) (nimC); B, fragilis 638R (plP421) (nimD); and §
Sragilis 388 (nimE),

2.2. Real-time PCR detection of the ¢fiA and nim genes

Bacterial template DNA samples for the real-time PCR analy
sis were prepared by incubating 100 ul of 0.5 McFarland turbidit!
suspensions at 100 °C for 10 min, which were stored at -30°Cunti
use. Real-time PCR experiments were carried out in an MXPro3001
instrument {Stratagene, Santa Clara, CA) with the following reac
tion setup: 1x MasterMix [iQ™ (Bio-Rad Hungary, Budapes!
Hungary) with 1 x EvaGreen® (Biotium Inc., Hayward, CA) for nim
or Brilliant [[I {Stratagene/Agilent, Santa Clara, CA) for ¢fiA and bft|
0.7 .M of each primer and 2 pL of template DNA preparation i
10 L final volumes in 96-well PCR reaction plates. The nucleotidi
sequences of the newly used primers and the ¢ycling condition
chosen during this study are shown in Table 1. Positive reaction
were identified by the starting amplification cycle, melting curve
showing the correct melting temperatures, and in rare cases when
it was required to compare the size of the products with those o
the positive controls in 1.2% agarose gel electrophoresis.

Tabile 2
Analysis of the imip h of strains with elevated imip ¥ (MICs) (=4 pg/mL)
Strain Imipenem MIC (ug/mL) cfit Upstream region Mechanism
Burtercides fragilis SW42 4 Other*
B frogils S\W46 4 - - Other
B, frogiis SWR3 4 - - Other
B. fragilis TRIS 4 Other
B, fragilis HU25 4 - - Other
B. fragilis FI63 4 Other
Bocterofdes eggerchil GR67 4 - - Other
Bactercides thetaiotoomicron BEM2S 1 - - Other
Parabacteroides merdoe GR70 4 - - Other
B. fragilis DE14 4 . 280bp* Silent with increased MIC
B, frogilis HUS) 4 . 280 bp* Siient with increased MIC
B frogilis (M5 4 - 184351 IS-activated
Bacterofdes stercorts HUSO 8 - - Other
B. thetaiotoomicron BEA22 4 - . Other
B, frogilis HUS2 8 . 280 bp Silent with increased MIC
B. fragilis TR27 16 . 51187 1S activated
B. fragilis TR31 15 . 151187 IS-activated
B. fragilis HUG1 32 - 280bp" Heteroresistant
B frogils NLH3 »32 . ISRTT IS-activated
B, fragilis FRA1 >32 . 280bp* Heteroresistant
B, fragilis FIS7 »32 . 155148 IS-activated
B, fragitis (137 >32 - - Other
* The effects are not caused by ¢fid
" The 280-5p PCR frag: displays no i ion ups of gfid.

71



2.3, Analysis of the carbapenem and metronidazole resistance
mechanisms by molecular methods

An analysis of the carbapenem and metronidazole resistance
mechanisms was carried out as previously described [14,15).
Imipenemase activities were recorded in a 50mM NaPO,; (pH
7.0) buffer using sonicated cell extracts and 0.1 mM imipenem
by following absorbance changes at 299nm. Protein concen-
trations were measured with a Quant-iT™ Protein Assay Kit
using a Qubit™ Mini Fluorometer (Life Technologies Hungary Ltd..
Budapest, Hungary), Tazobactam (10 pug/mL) or 10mM ethylene
diamine tetra-acetic acid (EDTA) were used to inhibit the enzymes,
and imipenemase activity was expressed as 1 nmol hydrolysed
imipenem/min (1 U) standardised by the protein concentration of
the sonicates. Nucleotide sequencing was performed using an auto-
mated sequencer as described previously [ 15]. The novel nucleotide
sequence of ISBf11 was deposited in the GenBank database under
accession no, GQ449386,

3. Results and discussion

3.1. Resistance mechanisms of Bacteroides strains with elevated
imipenem minimum inhibitory concentrations {MICs)

Of the 640 Bacteroides strains included in this study, 22 had
imipenem MICs = 4 ug/ml. Of the 486 B. fragilis strains examined,
43 were cfid-positive, and from the 640 Bacteroides isolates exam-
ined 22 and 7 had imipenem MICs =4 ug/mL and =16 ug/mL
respectively. No non-fragilis Bacteroides strains were resistant
to imipenem and only one cfi-negative 8. fragilis isolate was
resistant. The results are summarised in Tabie 2. Of the 10 8. frug-
ilis strains with elevated imipenem MICs (4-8 pg/mL), 4 (40.0%)
were cfid-positive, whilst 6 (85.7%) of the 7 imipenem-resistant
(MIC = 16 ug/mL) B fragilis isolates were ¢fiA-positive. Among the
strains with elevated MICs and with ¢fiA genes, one harboured
an IS element upstream of cfid (B fragilis IT15), and among the
cfiA-positive and imipenem-resistant strains four harboured [S ele-
ments upstream of the resistance gene (Table 2). The remaining two
¢fiA-positive isolates that were imipenem-resistant but without
activating IS elements upstream of ¢fid displayed a heterogeneous
resistance phenotype using the imipenem Etest (see the example
inFig. 1).

This study yielded similar prevalence values for the molecular
mechanisms of imipenem resistance of B. fragilis strains as those
in previous studies. Among the highly imipenem-resistant strains
(MIC = 16 ug/mL), the cfiA genes are activated by IS elements (4 of
6 cfiA-positive), and among strains with elevated imipenem MiCs
(=4 pg/mL) the cfit genes were enriched (26.7% compared with
the commonly found 2-8%). The types of ¢fiA-activating IS elements
were[S1187(n=2),1S614B (n = 1),and anovel ISelement (n = ISBf11;
GenBank accession no. GQ449386) for B. fragilis H3 that had 77%
homology compared with IS614B (Table 2). Bacteroides fragilis [T15
harboured 154351 upstream of the cfid gene, but its imipenem MIC
was low (4 ug/mL). This latter finding is in accordance with that of
Podglajen et al. [8] who found that B. fragilis strains carrying IS4351
upstream of the cfid genes also tended to have low imipenem MICs
(16 pg/mL) compared with other IS elements (1S942 and 1S1186;
MICs = 64 pg/mL). Previously we detected a probably low-activity
Bacteroides promoter-like sequence in the upstream regions of the
¢fiA genes. According to this, our study and other studies detected
elevated imipenemase activities in ‘silent’ cfiA-positive strains that
could account for the imipenem MICs in such strains [ 14,16]. How-
ever, some highly imipenem-resistant strains (n=2) were also
genetically silent, their ¢fid genes not being activated by IS ele-
ments (Table 2). In these cases Etest susceptibility tests detected

Fig. 1. Heterageneous imepenem-resistant phenotype of Racreroides fragils FR41
detected by Etest. The first (0.25 pg/mL} and second (4 pg/mL) inhibition zones are
marked by thin and thicker arrows, respectively,

heterogeneous resistance phenotypes (Fig. 1) where, inside of con-
fluent inhibition zones, resistant colonies or growth appeared. This
phenomenon can be explained by activation of the ¢fiA genes by
an as yet unidentified mechanism that boosts the carbapenemase
activity of the strains. We previously described such heteroresistant
strains from human faeces whose imipenem MICs and imipene-
mase activities displayed a relation. In contrast, the ¢fid genes were
not activated by IS elements [16]. For Bacteroides, we detected het-
erogencously cefoxitin-resistant strains and hypothesised that the
copy number of the corresponding ¢fxA resistance gene might be
important [17].

A cfif-negative but imipenem-resistant B. fragilis isolate was
identified in this study (B. fragilis FI37; Table 2} Such strains
were also found previously, but the exact carbapenem resistance
mechanism for these strains has not yet been clarified [18.19]. An
imipenemase assay of this strain did not reveal any activity, whilst
the control B. fragilis TAL3636 strain produced 41,0 U/mg imipene-
mase activity that was inhibited by EDTA. The probable resistance
mechanisms are penicillin-binding protein (P8P} affinity or perme-
ability changes.

A strain-dependent role for PBPs in the case of eight 8. fragilis
strains with various imipenem MICs (0.12-16 pg/ml) was reported
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previously [19], and mutations of an endogenous efflux system
(bmeABC) also affected the carbapenem susceptibilities of the car-
rying strains [20),

3.2, Detection of nim genes and their relation to metronidazole
resistance

Of the 640 Bacteroides strains, 21 had reduced susceptibility
to metronidazole (MIC =4 pg/mL) and only 3 (B fragilis 11724
and [T797 and B. thetaiotaomicron HUG6) harboured nim genes,
with the following metronidazole MICs: 0.125 pg/ml (B, fragilis
11797), 1pg/ml (8 fragills [T724) and 256 pg/ml (B, thetaio-
taomicron HUGG), An examination of the nim-mediated resistance
mechanisms revealed that B, fragilis IT797 and IT724 harboured
chromosomal nimA and nimC genes, respectively. By contrast, the
nimE gene of B, thetalotaomicron HUGE was located on an 8.3 kb
(pBF388c-like) [15] plasmid and was activated by ISBf6 {(data not
shown), No nim-specific plasmids were detected in the two other
strains (a 5.6kb class 1l plasmid and no plasmid content were
characteristic for B. fragilis 17797 and 17724, respectively). Fur-
thermore, B, fragilis IT797 harboured 151168 and IS1170, but these
elements could not be mapped to the nimA gene by PCR mapping.
From these results, it appears that the situation with nim-mediated
metronidazole-resistant Bacteroides strains has changed in Europe
compared with the previous study where 43 Bacteroides strains
with reduced metronidazole susceptibility (MICs = 4 pg/mL; 3.3%)
and 30 (2.0%) nim-positive strains were found |6]. The current sit-
uation in Europe is reminiscent of that in the USA where nim genes
and metronidazole resistances were scarce for a long time [21)
The nim-negative but metronidazole-resistant Bacteroides strains
found in the current study may have other resistance mecha-
nisms (reduced uptake, nitroreductase and pyruvate-ferredoxin
oxidoreductase activities, increased lactate dehydrogenase activ-
ity, or mutations that alter the carbohydrate utilisation affecting
the redox state) which shortcut the detrimental cellular effects of
this drug [2,22-24),

In conclusion, these results confirmed the present view of car-
bapenem and metronidazole resistance mechanisms of Bacteroides
spp. but also provide new information regarding their current state
and epidemioclogy in Europe in addition to newly described mecha-
nisms such as non-carbapenemase-mediated imipenem resistance
and chromosomal nim genes.
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We detected four (iA-51 doubly positive Socteroides fapilts strains out of 486 R fagills solates

analyzed for antiblotic susceptibalities and antibiotic resistance genes from 2 recent pan-European sur-

vey. The prevalence of the esterotonn 32 genes was roughly equal smong fid-acgative and -positive

B fragills straies. We also demonstrated that the (A -t doubly positive strains had the most commeon

B frogilis genomic pattern (11}, Thus we concluded that the bft-carrying CTnd6 conjugative transposons
thes

are mobile i 3 ted simultaneous occurrence of the (BA and Mt genes.
X : © 2013 Elsevier Ltd. All rights reserved.
Boctervides frogilis
hfe)
ofid
Conjugative transposons
Enterotondn
1. Introduction epithelial barrier and reorganization of the actin cytoskeleton of

The Bacteroides species are important constituents of the
normal human intestinal microbiota, exerting benefical effects on
the host physiology. Besides the commensal and symbiotic in-
teractions, they can be opportunistic pathogens in such anaerobic
infections as intra-abdominal and soft tissue abscesses and rarely
even sepsis. The most pathogenic species is Bacteroides fragis,
which accounts for about 5% of the total Bacteroides flora in the
large bowel (1], but for about 60-80% of Bactervides infections.
Additionally, some B. fragilis strains have been found to cause in-
testinal pathogenicity, diarrhea, especially in young mammals
(enterotoxinogenic B. fragilis, ETBF) [2]. The effector toxin in this
case is a metallo-protease, fragilysin, which is able to give rise o
cleavage of the E-cadherin protein of the zonula adhaerems
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the intestinal epithelium, thereby causing the symptoms [3]. The
fragilysin genes, bft1-3, have been demonstrated tobe located on a
ca 6 kb portion (BfPAI) of a conjugative transposon. CTn86 [4-7L

Fulﬁﬁnmdmtmdnﬁwmmopdwssme
carbapenems, against wh:hm!yl!dthemnmisl.
In these cases. production of is the main
mmmmsmmmm
mosomal cfit (a7A) gene and, for high-level resistance to occur,
insertion sequence (IS) clements up-regulate the gene via cutward-
remain susceptible. Such strains account for the majority of the
cfiA-positive cases (28] It is of interest that the ¢fid-positive
B frogils isolates form a2 subgroup within this spedes. The ¢if-

enterotodn Bft genes have been reported to occur exclusively in
Division | strains [12]. However. 2 B fragiiis isolate (B. fragilis WIT)
which was found to harbor the ofiA and a 5ft gene simultancously
was thoaght to be an exception [ 16]. An altermative subgrouping of
B frogils isolates based on the characteristics of the (Tn9343 and
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CTn86 conjugative transposons, two related possibly mobile
genetic elements, have been established. Thus the B. fragilis strains
can be placed into 7 groups (L1-3, Il and lL1-3.) based on the
presence or absence of the these CTns, of the bft-carrying 6 b
portion (BfPAL) and of another insertional element that is 7 kb [6].

In this study, we report on the detection, prevalence and anal-
ysis of B, fragilis strains that were bft—cfid doubly positives from a
subset of B fragiils isolates collected for a European antibiotic
resistance survey in 2008--2009 and tested for antiblotic resistance
mechanisms. The previously identified ¢fid and bft!-positive
B. fragilis WIT (R19811) was also Included.

2. Materlals and methods

486 B, fragilis isolates were examined in the study. The template
DNA preparation and detection of the ¢fid genes were carried out as
previously described |17 The enterotoxin bft genes were detected
as follows. Primers were designed (bft-F: CGAACTCGGTTTATG-
CAGTT. and bft-R GGATACATCAGCTGGGTTGT) for RT-PCR (Primer3
software, http://frodo.wimitedu/primer3/). PCR mixes contained
5 ul iQ mastermix (BioRad) 0.7 uM primers and 2 ul template DNA.
and were subjected to cycling (95 “C 5 min 1x; 95 °C 155 56 °'C
1 min, 72 “C 30 s, 35x), in an RT-PCR instrument {Mx3000Pro,
Stratagene), with subsequent melting-curve detection. The bt al-
leles of the positive strains for the RT-PCR were determined by PCR
RFLP. Using the BTT1 (CATGTTCTAATGAAGCTGATTC) and BTT2
(ATCGCCATCTGCTGTTICCC) primers the entire bft genes were
amplified in end-point PCRs (95 "C 10 min 1x; 95 °C 30 5,62 °C
1 min, 72 *C 1 min, 35x), the PCR products were purified with the
HighPure PCR Cleanup Kit (Roche) after agarose clectrophoresis
and the pure products were digested with Mbol restriction enzyme.
Theﬂnalpmdummamlyndbyl.sxmplm
rcs:smTBEbuffer.mngo.suglmleﬂudmbtmudemdw
visualization. The PCR products using the BTT1 and BTT2 primers
were used in PCR RFLP and the expected sizes of the digested
fragments were as foliows: 839 and 310 bp (Bft!). 575, 453 and 111
bp (Bft2) 839, 189 and 111 bp (bft3), respectively. B. fragilis VP1
13783 (bft1) and B. fragilis GAI 96478 (bft3) were used as positive
controls. The CTn86 elements of the cfi\-bft doubly positive

isolates were characterized as described by Buckwold et al. [6] to
oxamine molecular differences between CTn86 and
CTn43493 (the left end of CTn86, and the 7-kb insertion in CTn4393,
Table 1) and differences among the CTn86 elements in these strains
(insertion or lack of the BIPAL Table 1). The excised circular
intermediates of the CTn86 conjugative transposons were induced
by half MIC moxifloxacin exposure according to Franco [5] and in
one case (8, fragilis WIT) the 1.4 kb PCR amplicon obtained wit the
Tn22 and 86CTn2 primers, was sequenced as previously described
(GenBank Acc, No, KC311790) [ 18], Statistical analysis was carried
out with the SigmaPlot (Systat Software, Inc,, Erkrath, Germany)
software.

3. Results and discussion

Among the 486 B fragilis strains studied, 68 were bft-positive
(14.0%). From the PCR RFLP analysis, it was learned that 51 (75,0%)
carried the bft1 allele, 15 (22.1%) carried the bft2 allele and 2 (2.9%)
carried the bft3 allele. To explore the roles of these alleles in non-
intestinal pathogenesis, we checked the distribution of the three
bft types in different clinical samples, especially among blood cul-
ture isolates. Some researchers detected different occurrences of
ETBF strains from blood cultures, but these differences were not
statistically significant [19,20]. The overall bft prevalence or the
prevalences of the bft1-3 alleles among the strains examined in our
study were not significantly elevated among the blood culture
isolates (9.2% vs. 7.3%), but the number of isolates obtained from
blood cultures was low (n = 5), which could be the cause of the
negative test result

Of the 486 8. fragilis strains, 43 were cfiA-positive which were
reported carlier together with the explored and detailed imipenem
resistance mechanisms [17]. Surprisingly, of the 68 bft-positive
B frogilis strains, 4 were also cfid-positive (Table 1). Comparison of
prevalences of the bft genes among the ¢fiA-negative (14.4%) and
cfiA-positive (9.3%) strains by using Fischer's exact test did not
reveal a statistically significant difference, which means a basically
equal distribution of the bft genes among ¢fiA-positive and -nega-
tive strains. The strains originated from different geographical
locations and from various serious infection sites (Table 1) The

Table 1
Characteristics of the 1A deubly positive B Sagiils strains.
Charactenstics detected by FCR [primers) B fragils
Wit (R19811) IRE (Turkey. BEps ms HU92
(UK. blood") insra-abdominal axscess”) [Belgivm, wound"®) (Iraly™) (Hungary.
periproctal abscess®)
A [CfIA] and A2 - - -+ - +
Imipenem MICs {ug/mi) 225 os 2 2 s
A upstream (G and UPZ)* 1S6148 Sienc Sitens Silent Silens
Bft gene (PCR RFLP) (BBT1 and BTT2)* bfer g1 bt b1 bfes
Presence of the 7-kb region of CTna343 - - - - -
{Tn258 and Tn25%CT
Lack of the 7-kb region of CTn9343 - - - - -
{Tn258 and TnSB)
Left end of CTnd6 (S5CTHIR and TnaB)" L9 1s 19 19 19
Insertion site of &PAI into CTné6 (P1T7 and P1T3Y - - - - -
Left end of BIPAL in CTn86 (P1T3 and P1T7-1)° 14 14 14 14 14
Right end of 8f°AL in CTn&6 (2173 and P1131) 13 3 13 13 13
Excised circular form of CTo86 (Tn22 and 86CTa2)" 14" 14 14 14 14
* Acrording to our previous studies.
o ® See in Methods section

to Buckweld et al and Franco [4.5].
¢ According to Buckweld et 2l and Franco [4.5).
* Geographical origin and source of the strains as available from our database.
* Data taken from Terhes et al. {16,

— indicates the absence of 3 product, the sizes of the posstive PCR prodocts bewng given ia ¥

" The PCR product of B fragiis WI1 (R15611) was sequenced.
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6 7 8

Fig 1. AR detection of the excised circular forms of the CTnd6 conjugstive Taos
posons in the ¢BA-Oft doubly positive 8 fragils stralns. Lame 1) B Sugils ATCC2S285
(Ta22 and TR2SA primers) [6]; lanes 2-7 & froplis TRE, 179 BEBIS, MLUS2 Wi
(RISE11) and ATCC25285 (Tr22 and S6CT2 priovers )k Lo §: malecular mucker hands
(GeneRuder 100 bp DNA Lacder Plus, Fermentas, Vilnits, Lithaanis) The MR products
of the cosed ends of CTRSI4T and CTRSS are indicated by thick aod thin semees,
respectively.

‘silent’ (1 = 4, 80%) and "expressed’ (n = 1, 20%) antibiotic resistance
mechanisms for imipenem were also represented roughly equally
in the ¢fiA-bft doubly positive B. fragiiis strains [9.3%) as among
other Division Il 8. fragilis strains (overally ca. 8-12% of which is
‘silent’ and is phenotypically resistant) [10,17.21-24].

We were also interested in the molecular of the
cfiA-bft doubly positive strains because we wished to learn more
about the factors that facilitate the emergence of such strains,
which were earlier considered non-existent or very exceptional.
Accordingly besides, the imipenem resistance mechanisms, we
characterized the CTn86 types in these strains and the previous
B. fragilis WI1 strain. The molecular data acquired are listed in
Table 1. From the 8 different molecular characteristics examined for
the CTn86 elements, incuding the allele type of the bft genes,
variations in the transposon structure and the detection of the
excised circular form of the CTns, all displayed similar results for
the 5 B. fragilis strains studied (Table 1). All 5 B. fragilis strains
carried the bft1 allele, which was most observed in other
studies in Western populations [19,20.25-27]. CTn86 has molecu-
lar properties similar to those found in the genomic sequence of
B. fragilis NCTC9343 [5]. CTn86 and CTn9343 differ as concerns (i)
their left end, (ii) CTn86 may carry BfPAL a 6 kb element harboring
the bft genes, and (iii) CTn9343 may camry an additional 7 kb
element [5,6]. Two of these variants are sometimes found in 2
single B. fragilis strain, and. depending on the properties of these
CTns detected by PCR patterning, the B. fragilis strains can be placed
into 7 pattern groups (L1-3., IL and [I.1-3.). To detect CTn86 with
more certainty, we PCR-amplified the joined ends of the exdsed
and circularized CTn86s from the doubly positive strains (Fig. 11 We
could detect the excised closed ends of all the CTn86s of all the five
strains examined. However B. fragilis BEB15 showed less specificity
since the specific (1.4 kb, Fig. 1) band was fainter and some by-
product bands strenghthened that were present in little quantity
in two other reactions (B. fragilis TR6 IT9, Fig. 1). Additionaily, we
determined the nucleotide sequence of the excision product from
B. fragilis WI1 (GenBank acc. No. KC311790. The obtained sequence
displayed a structure similar to that from B frogilis 86-5443-2-2 i

the study by Franco [5]: tmpAl and tnp8 ORFs at the left end and
mpA2 ORFs at the right end, and two four-basepair inverted repeats
(TACA and TGTA) bordering a TC dinucleotide. The left and right end
sequences were 99 and 100% identical to the sequences from
B fragilis 86-5443-2-2 despite that B, fragilis 86-5443-2-2 harbors a
b2 alicie.

Since our strains belonged to the most prevalent Bft] type and
the most prevalent ETSF pattern (L1, ca. 75%), we inferred that the
most common CTn86 elements appear to be most often detected in
Division U B fragilis strains too.

From these two groups of results, Le. the equal frequencies of
occurrences of the bft genes among cfid-negative and -positive
B fropilis strains and the molecular properties, we conclude that no
additional apparent requirements regarding the carrying con-
Jugative transposons are needed for such doubly positive strains 1o
occur. We also infer that the bft gene-carrying conjugative trans-
posons can readily enter Division [1 8, fragilis strains, and our pre-
vious inability to detect them was due to the low number of isolates
tested. Our present findings confirm the expected in vivo mobile
property of the bft conjugative transposon, CTn86. The mobiie
property is consistent with the fact that no was observed
among the bft-positive strains in carlier studies [12,13.28). The
known cfid-bft1 double positive B. fragiiis strains were from distant
grographic sites indicating independent transfer events. A recent
report also presented the transferable nature of the bft genes and
possibly the carrying CTns since bft genes were detected among
non-fragilis Bacteroides species from the microbiota of patients with
colorectal carcinomas [29]. This latter finding further substantiates
the mobile nature of the bft genes, and warrants additional research
involving the molecular biology of the bft gene-carrying Bacteroides
isolates.

In summary, this study has revealed the unexpected occurrence
of cfiA-5ft doubly positive strains, which we also characterized by
molecular methods, especially with respect to the bft-carrying
Clns. This finding is explained by the anticipated transferabie
property of the CTn86 bft gene-carrying genetic elements.
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Neywordy

From the 20082009 European Socteroides antiblotic resistance survey, we sefected 161 strains for
detection of antibbotic resistance genes (cepA. oA, JIA, nim. ermB. ermF, ermG, MnA mefA, murSA. teeM,
tet), tetX, retX1, tet3S and bexd ). To facilitate the throughput, the genes were detected by Real-Time PCR.
The presence of the genes was correlated with the known MIC data of the strains for the appropeiate
antibiotics. For the J-lactams, the crpA gene was found in 70.8% of the tested strains (all resistant to
ampicillin}, but its presence did not correlate with the ampicillin MIC values, The cepA gene occurred at
mmﬁmmmmmMmmmmemm
a major factor in de i Cefomitin re and it was found with higher prevalence in non-fragilis
Bocteroides strains than ia B fragiis. Among the five possible clindamycin resistance genes, ermi was the
most common and had the highest effect on dlindamycin resistance after linA, The ermG-mefA-msrSA
combination was found in a set of strains and their linked occurrence implied that they were harbored by
the conjugative transposan CTnGERM L All strains tested were susceptible to metronidazole and none of
them harbored mim gemes. et was prevalent among both the & fragilis and non-fragilis Bacteroides
strains (78.9 and S4SX respectively) and no gene could be clearly linked to tigecycline resistance other
than tetQ, BexA, which codes for the fluoroquinolone efflux pump, was found in 7.5% of strains and
cccurred at different freguencies among B fragills and non-fragilis Bacteroides strains, but was repre-
sented only in 3 minor proportion of moxifloxacin-resistant strains.

© 2013 Elsevier Lid All rights reserved.

1. Introduction

been observed both in European countries and the United States
[3.4]. Horizontal spread of antibiotic resistance among B. fragilis

Anaerobic bacteria, including the most frequently isolated Bac-
teroides fragilis group strains, are members of the normal, resident
gastrointestinal microbiota. They also colonize the oral cavity, up-
per respiratory tract and the female genital tract [1,2]. Bacterpides
strains are abundant commensal anaerobic bacteria in the colon.
but they are also human opportunistic pathogens that cause severe
intra-abdominal infections, postoperative wound, skin and soft-
tissue infections, together with other anaerobic and aerobic bac-
teria. They have been also identified as the causative agents of
bacteremias [1]. An increasing resistance to antibiotics has been
reported in B. fragilis group strains in recent years, and this has also

* Corresponding author, Tel.: <36 62 545399: fax: +36 62 545712
Emall  oddresses:  sokijozsef@medu-szegedhu,  drsokijozsefivinel bu
0 S6ki)
! Denis Piérard (Selgrum), Smilja Kaleni¢ {Croatia), Eva Chmelatova (Coech Re-
public), Luc Dubreull [Franke) Frika Ddsa (Germrany) joseph Papaparashecas
{Greece ], Cecilia Miszti (Hungary ). Maria Hedberg {Sweden), Nurver Ulger (Tusiey ).

1075-9964/5 — see frong matter © 2003 Elsevier Lad. Al oghts reserved.
http:/ (dxdotorg 1030146/ anserche. 2013.03.001

group dlinical isolates is due to antibiotic resistance genes carried
on conjugative and mobilizable plasmids, conjugative transposons
and integrated genetic elements [5].

p-lactamase production is one of the most important mecha-
nisms of resistance to f-lactam antibiotics in B. fragilis group

itin) and penicillins. Resistance to cefoxitin has been shown to be
associated with differences among the cefoxitin binding affinities
of penicillin-binding proteins, and the presence of the ¢fxA gene,
detected on mobilizable transposon, MTn4555, which is abie to
spread by conjugation between Bacteroides strains [5]. Resistance to
carbapenems has been shown to be caused by the presence of the
CfiA gene that is located on the bacterial chromosome. The ¢fid gene
may be expressed to various degrees or may be silent, causing
different levels of carbapenem resistance. The insertion of an IS
element may be responsible for the increased expression of the cfid
gene product [6].
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Metronidazole, a 5-nitroimidazole, is regarded as an important
therapeutic agent in the treatment of anaerobic infections. Resis-
tance to metronidazole has been shown to be associated with the
presence of the nitroimidazole resistance gene, nimA-G, which may
be either located on plasmids or on chromosomes [7-9) Although
the resistance to metronidazole among Bacteroides strains is fairly
rare, recent data show an emergence of resistance in the B fragiiis
group isolates against metronidazole, especially in South Africa
|4.10), but for Europe we found a decline as regards the prevalences
of the nim genes (20].

Clindamycin resistance s a growing problem in anaerobe in-
fections because clindamycin is still a drug that is frequently chosen
by clinicians. Clindamycin resistance in the B. fragilis group isolates
Is mainly mediated by a macrolide-lincomycin-streptogramin
(MLS) mechanism (erm8, ermF and ermG genes). but the effux-
pump mechanism Is also observed, such as msrSA and mefA-
mediated macrolid-lincosamide resistance [11]. The ermF gene is
often associated with the presence of the terQ gene on tetracycline
resistance conjugative transposons. Transferabie plasmids that can
cause clindamycin resistance are the p8F4 (41 kb), p8FTM10 (pC™)
{15 kb} and pB81136 (80 kb). The ermF resistance gene can be found
on the following transposons (harbored on the plasmids in
brackets): Tn4351 (pBF4), Tn4400 (pBFTM10) and Tn4551 (pB1136).
[n addition, genes involved in clindamycin resistance may also be
located on chromosomal conjugative transposons as well (ermFUL
The linA gene, which is an O-nucleotidyltransferase and located in
NBU2 (non-replicating Bacteroides unit, which are also mobilizable
transposons), may also be responsible for clindamycin and linco-
mycin resistance [ 12]. The msrSA gene encodes for a cell-membrane
protein that acts as an active erythromycin-efflux pump. This gene
was first described ina atreus isolate, but it was aiso
found in Bacteroides strains [13,14].

TerQ, tetM and tet36 encode proteins that protect the bacterial
ribosomes from tetracycline [15]. TetQ gene-related resistance is
frequently observed among the B. fragilis group isolates [16]. The
et36 gene was not present in human clinical and intestinal Boc-
tervides isolates, but was found in diverse bacterial genera
including Bacteroides taken from swine manure | 17]. The product of
tetX and tetX1 genes is an FAD-dependent monooxygenase, which
destroys tetracycline, but may also raise the MIC values of tigecy-
cline [18]. The tetX gene occurs on Tn4351 and Tn4400 transposons
and regions associated with ermF on conjugative tetQ clements.

Members of the Bacteroides genus were originally resistant to
1st and 2nd generation quinolones, but the 3rd and 4th generation
quinolones are still effective antibiotics in the treatment of in-
fections involving anaerobic bacteria; and resistance to them has
only begun to appear in the last few years. BexA is an efflux pump,
which is encoded by the bexA gene, a member of the multidrug and
toxic compound extrusion class (MATE) and has been described
in Bactervides thetaiotaomicron [19]. This efflux pump is one of the
possible resistance genes responsible for fluoroguinolone

resistance, and elevated moxifioxacin MIC values in B. fragilis group
strains.

The aim of the present study was to define the general occur-
rence of cepA, ofXA, il nim, ermB. ermF, ermG, linA, mefA, msrSA,
rethL, teeQ, teeX, tetX 1. tet36 and bexA genes and determine the roles
that each play in antibiotic resistance in a range of B fragilis group
strains isolated in different European countries,

2. Materials and methods
2. Bacteriol strains and cultivation

The 161 B fragilis group strains examined in our study was a
subset of isolates collected for a European antiblotic resistance
study in 20082009 [4]. All the strains were clinical isolates of
samples taken from 9 European countries (Belglum, Croatia, Czech
Republic, France, Germany, Greece, Hungary, Sweden and Turkey)
and belonged to the following species: B. fragilis (n = 128) and non-
fragilis Baoctervides [(NFB), Bacteroides vulgatus (n = 11)
B thetzlotaomicron (n = 8), Bacteroides ovatus (n = 8), Bactervides
eggerthii (n = 2), Bacteroides distasonis (n = 2), Parabacteroides
merdoe (n = 1) and Bacteroides uniformis (n = 1) (Table 1). The
isolates were stored in Brain Heart Infusion (BHI) broth with 15%
glycerine at - 80 “C. The MIC values of the nine antimicrobial agents
(ampicillin, cefoxitin, dindamycin, amaoxicillin/clavulanic acid,
piperacillin/tazobactam, tigecycline, imipenem/cilastatin, metro-
midazole and moxifioxacin} were determined previously by the
agar dilution technique, as recommended by the CLSI [4]. The
strains were cultured on anaerobic agar plates (Brucella blood agar
supplemented with 5% sheep blood, 10 mg/l hemin and 1 mg/l
vitamin K1) and incubated at 37 “C in an anaerobic atmosphere
{Concept 400 anacrobic incubator, Biotrace International Plc, UK)
for 48 h. The B fragilis 638R (cepA), B. vulgatus CLA341 (¢feA and
teeQ). B fragilis TAL3636 (cfid), B. fragilis BF8 (ermF and nimB).
B. frogilic 638R [plP417] (nimA), B. fragilis 638R [plP421] (nimD),
B thetgiotaomicron BT13 (nimC), B fragilis 388 (mimE)
B thetgiotaomicron 4001 [pGERM | (ermG, mefA and msrSA) B. fragilis
BM13 (tetX1), B fragilis TR23 (linA). Clostridium difficile 630 (tetM
and erm8) and Escherichia coli AG102AX |pBRT20] ( bexA) and DHSx
[pGW140.1] (tet36) were used as control strains in the Real-Time
PCR assays to assess the reliability of the results obtained
(plasmid names in brackets and the gene names in parenthesis).

22. Regi-Time PCR (RT-PCR) detection of the resistance genes

Bacterial cells from the surface of anacrobic agar plates were
suspended in 100 ul water in 1.5 mi Eppendorf tubes, and incubated
at 100 “C for 10 min. The supernatants of the centrifuged suspen-
sions (2 min, 14,000 rpm) were used as template DNA and stored at
—20 “C Primers suitable for providing products in RT-PCR experi-
ments, using the known nucleotide sequences of the genes, were

Table 1

Distrib of the species d in this study, categonzed acoordimg to the ongn of the isolate.
Tested & frouifis group strains Countres

Beiglum Creatia Crech Repubic Frasoe Germany Greece Hungary Sweden Turkey

& fragitis (n - 128) 18 11 4 < 18 4 41 £ 12
& vulgorus (2 = 11} ! 4 o o 0 1 3 0 2
& thetalotocricron (n -~ 8) 1 3 e o o o a 3 1
& ovarus (n = 8) 1 2 I o 0 2 1 0 1
& eggerthd (n - 2) 0 0 0 [ o 2 [ o [}
& dissasonis (n = 2 o o 0 o 0 1 1 o a
& merdae(n -~ 1) 1 o ) o o o a o 0
B wniformis (n = 1) 0 o 0 0 0 0 1 0 [
Altogether: 161 23 20 15 < 18 10 &7 8 16
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designed by the Primer3 software (hetp://frodo.wimitedu/)

(Table 2). Each reaction mixture contained 2 5 ul 2x PCR “master- 58555552443
mix" (iQ, Bio-Rad or Brilliant IL, Stratagene). 0.7 ul (35 pmoles) of I nsecevnng
each primer, 1 ul template DNA, 0.5 ul EvaGreen (Blotium) DNA- G
binding fluorescent dye (for the IQ “mastermix™) dye and sterile a0 G88868858588
water up to 10 ! final volumes in plastic PCR plates. Amplification §aeeeee§ee§
was performed in MxPro3000 (Stratagene, USA) or StepOne (Life- O S T
Technologies) Real-Time PCR instruments. The amplificationand | | Lo oo oo g-
the melting curve were observed at a wavelength of 415 nm §§§§§§§§§~2
required for the SYBR Green and the EVA Green dyes. The initial ~-Gaoo~awn~
denaturation by the amplification cycles was 10 min (iQ) or 5 min 5 & . EnE

(Brilliant 11). The PCR conditions with the various genes, primer 2893883548
sequences and PCR parameters are given in Table 2. Nuclcotide fflr-e-~~veove

sequencing of the tetX1 (8. fragilis BM13) and linA (B fragilis TR23)

was carried out as described previously [23), and their sequences fssgsggaﬁi

were compared to the reference sequences (linAn2 AF251288 and g:g.::=::§,i
~ - - .

tetX! AJ311171) by BLAST analysis (http://blast.ncbi.nlm.nihgov/ ¥
2 ) SO [ [ e,
S EEEEEEEEEH
2.3. Statistical evalugtion SS589555s8s8°
Comparisons of the prevalence of different genes in different gggggggiggg
sets of strains were made by applying chi-squared or Fischer's exact ~oocecomona
tests with the Sigmaplot 12.0 program (Systat Software, Inc.). The o T P
significance threshold level was set at 0.05. ;ggg;gaggg
$[F=-555+3553

3. Results and discussion

The aim of this study was to determine whether the presence of
selected antibiotic resistance genes was related to the physiological
resistance data obtained in the previous European Bactervides

Table 2
Oligoouciectide primers and the parameters used foe the detection of resstance
genes, with Real Time PCR analysis. £
Gene Primer & % PR oycles g
epA TTTCTGCTATGTCCIGECT | 95 '€ 155,56 € 305, 72 C | man. 35+ H 5
ATCTTICACGAAGACCOL =
A AMTCGAAGGATGGGGTATGG 94 °C 155,38 °C | min, 72 °C 30 5. 40 § £
CLGTCAGTGAATCCGTGAAT £|=
A TGACTGGCCCTGAATANTCT 95 °C 155,55 °C 1 men, 72°C 305, 354 = E
ACAAAAGATAGCGCARATCL £z
ermi GCGGAATGCTTTCATCCTAA 95 C 155,58 € 304,72 €305, 35» E H
CLGTGITICATICCITCATG g
ermF  TAGATATTGGGGCAGGCAAG 95 °C 155,58 °C | nwn, 72 °C 30 5. 35» E -
COARATTCCGGAACTUCARA -4
emG  ATAGGTCCAGGGAMGGTCA 95 °C 155,59 'C 305,72 'C 30 5. 35+ [ g
TCGATIGICGCTAGCAAATGY 3
finA  CTGGGGAGTGGATGTCTTGT  95°C 155,60 °C 305, 72 °C 30 5. 35+ —~
AGTTGGCTTGTITGGAAGTG é S
mefA ATACCOCAGCACTCAATTCG  85°C 155 55°C 305 72 °C 305 35 H E
CAATCACAGCACCCAATACG 2|2
msrsA CCGAACTGAAAGATCCCAAA 85 °C 155, 60 °C 105, 72 °C 30 5. 35 El
TACGAGCCTGTTTTCGCTTT
tetM  ATCCITICICGGCTICCATT  85°C 15558 €205 72°C 305 354 2 E
TCOGTCACATTCCAACCATA 3
tetQ ATCGGTATCAATCAGIIGIT  85°C151550C 1 min 72°C 30 35x =
GACTGATTCTGGAGGAAGTA £l
tetX TTACCCITACCARTCCGIGE  85°C15%55°C 205 72 °C 105 354 H
CAMTCTGCTGTTTCATTCG 2
tetX? TCAGGACAAGAAGCAATCAA 85 °C 155, 50°C T mun, 72°C 30 & 32e E s &
TATTTCGGGGTTGTCAMCT
tetd6 TTICTCCCAGACCTACAACG 85 °C 155,57 'C 305 72°C 205 354 2l .= & _=
TTAATTCCTTGECTTCAACG E|E_ |Rsx."s =83
bexA  TACTCCTIGCTCCGATICIC  95-C 155 60 °C 305 72°C 205, 354 |2 |vE Ve oty
TCAGCGTCTTGGTCIGTGTC §lz8 |IEcf=5=55ct
mim  ATCTICAGAGARATOCGGE 84 °C 155 62°C 305 72°C 30 5 35« ~2|E ggggiggggn
GTAGTG H i e
CLTICCTUCCCTGICACGTGOTC iZ|°= X5CESSE2E=




4 Z Bited et ol [ Angewobe 21 [2013) £3-43

Table 4
Distribution of the cepd, cfed, and oA genes amoeng the & fragifis and noo- fragdss

wrzias and

amgicillin, cefoxitin aned imipenem,

of the genes with the Sacteroddes strains resistance 1o

Macterokdes stralns Number of strans with resistance geoes (1)

aw_ A fiA
R fragits (n -~ 128) 101 (780" 1901487 12 (94)
Non- fragslis Sactercddes (n ~ 1)) 12 (A 10 (303 000}
Number of resistant Bocteroldes strans* Antibiotic Narnber of resistant strans with resistance genes (%)

crpA /3A M

& fragis (n - 128) A i lie 101 (74 S) -
W fragilts (m ~ 11) Cefoxitin 121
o fragis (n < 1) Irniperern - 1(100.0)
Not-fragilis Racteroddes (n ~ 33} Ampraiin 12(%4)
Non-fragills Bacteroides (n .« 9) Cefomitin o -
Non-fragslls Sacteroddes (n -~ 0) Imipenenn 0(00)

Amgicltin > 3 /el Cefoxitin = 64 ug/ml Imipesern > 16 ygiml.
¢ Resistance breakpoints according to CLSI(MIC we/mil

¥ The difference s statistically significant (p « 0.001) between values macked by the superncnpt b lettens,
© The difference is statistically significant (p ~ 0.039) between valtes marked by the superscrpt ¢ letters.

antibiotic resistance survey |4]. Previously, 640 Bacteroides strains
were screened for the cfid and nim genes [20]. In this study. a
molecular analysis was performed to learn more about the ind-
dence of the frequently detected resistance genes among 8. fragilis
group strains. Out of the 640 strains, we chose 161 (128 B fragilis
and 33 NFB) strains in order to detect the occurrence of the
following genes: cepA, of¥A, ¢fiA. nim, ermB, ermF, ermG, linA. mefA,
mstSA, tetM, tetQ, tetX, tetX1, tet36 and bexA. The selection criteria
chosen were intended to represent the whole collection and to
represent in particular one country, Hungary. The distribution of
the genes among the strains by countries is shown in Table 3. The
numbers of strains with certain gene combinations are shown in
Table S1.

3.1. Distribution of resistance genes responsible for §-lactam
resistance

All the B. fragilis strains (128) were resistant to ampicilin
{MIC > 2 ug/ml) and 101 of them (78.9%) harbored the cepA gene.
Among the 33 NFB strains which were also resistant to ampicilin,
only 12 of them (36.4%), carried the cepA gene (Table 4). The cepd

o
-
0 it egune
©
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s
j »
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0.
os ! 2 ‘ L) N R & 9

Amrpeclin MIC vakes (ug e

Fig. 1. The distribution of cepA-positive and cepA-negative Socrersides SIrasns in teoms
af ampicillin MIC valices

gene was first observed in a high-level cephalosporinase producer
Bactervides strain (B. fragilis CS30) and was found to be frequent
among the 8 fragilis isolates [21,22]. In addition, the cepA gene is
found in a subgroup of the 8. fragilis population calied Division L
The cepA gene distributed with different frequencies among
B frogilis and NFB strains significantly (p < 0.001, Table 4). The
presence of the cepA gene did not correlate with the ampicillin MIC
values of the tested strains (Fig. 1); rather, it occurred among all
ampicillin MIC ranges (from 2 to 256 ug/ml). Hence we expect that
besides the cepA gene, the role of other resistance mechanisms,
such as affinities of penicillin-binding proteins or efflux mecha-
nisms may be responsible for the ampicillin resistance [23]. The
cepA gene had approximately similar distributions among isolates
from different countries {Table 3)

Out of the 11 cefoxitin-resistant B. fragilis strains, 3 of them
(273%) harbored the ¢fiA gene and out of the 9 resistant NFB strains
just 1 (111%) harbored the cfvA gene (Table 4). The relationship
between the cefoxitin MIC values of the strains and the carrying of
the ¢t gene is depicted in Fig. 2. Interestingly, among the strains
with high MIC values [ >64 ug/mi), the ¢feA gene was often absent, a
finding similar to that obtained in our previous study [23]. Also, in

60
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50 0 ofotenepative
! 40 4
% 2
g ”*
0 4
°‘

2 4 8 16 32 64 128 255 >2%

Cefoxitin MIC values (pg'ml)

Fg 2 The Gistribution of (eA-positive and cfut-aegative Bocrercides Strains n terms
of the cefcagtin MIC values.
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contrast to cepA, this gene was more common among NF8 strains
(p = 0,039, Table 4),

The ¢fiA gene was present in 12 (9.4%) B fragilis strains, but only
1 of them was resistant to imipenem (MIC 32 ug/mi) (8. fragits HU
61, Table 4} All 12 ¢fiA-positive isolates, including the strain HU 61,
did not harbor any activating IS elements in the upstream regions of
the ¢fid genes. This phenomenon was observed in our previous
study. where there were five dfid-positive imipenem-resistant
B. fragilis isolates that harbored no IS insertion upstream of the
ofiA gene [20,24). The overall prevalence of the ¢fid gene among
B. fragiils stralns was 9.4% and the prevalence of the resistant strains
was 0.8%, which is consistent with previous findings [25-29]. Ac-
cording to the literature, ¢fiA-positive NFB strains have not yet been
detected,

3.2. Detection of resistance genes responsible for macrolide,
lincosamide, streptogramin resistance

Of the 161 Bacteroides strains tested, 40 of them (24.8%) were
resistant (MIC > 8 ug/mi) to clindamycin. These consisted of 31
(24.2%) B. fragilis and 9 {27.3%) NFB isolates. The prevalence of the
erm¥, linA, mefA, ermG, msrSA and erm8 genes among Bocteroides
strains were 39 {24.2%), 35 (21.7%), 20 (12.4%), 9 (56%), 9(5.6%) and
1 (0.6%), respectively (Table 5). The prevalence of the ermF, linA,
mefA, ermG, msrSA and ermB resistance genes among the
clindamycin-resistant Bacteroides strains were 30 (75.0%), 14
(35.0%), 11 (27.5%), 9 (22.5X), 9 (22.5%) and 1 (2.5%). respectively.
The distribution of the clindamycin resistance genes (erm8, ermf,
ermG, linA, mefA and msrSA) alone or in combination with other
genes in B, fragilis or NBF strains among the tested isolates or in
clindamycin-resistant strains is shown in Table 5 and also in
Table S2. The most common resistance gene was ermf, accounting
mrnmdmedlrdanyunmmmmﬁmm
present in 23 (74.2%) of the 31 B. fragilis
strains tested and 7 (77.8%) of the 9 clindamycin-resistant NF8
isolates tested. The incidence of the ermF gene was almost identical
in the B. fragilis and NFB strains, regardless of whether they were
resistant to clindamycin or not.

The msrSA-positive and the ermC-positive isolates harbored at
least one other resistance gene and some isolates simuitancously
harbored several types of clindamycin resistance genes {Tabie S2).
For example, 6 B. fragiiis strains (1 Belgian and 5 Turkish) contained
the ermF, ermG, msrSA and mefA gene combination, all of which
were resistant to clindamycin (Table S2). There were 9 B fragilis
isolates that carried the ermC, mefA and the msrSA genes together

or harbored other clindamycin resistance genes. Presumably,
strains like the ermG, mefA and msrSA-positive strains contained 3

Table 5

Nt of warn

SPNAERMERATR A M ’ . .

Cindamycn MIC sl gagnd

L B

g 3 Dotrdwtion of the dindamycn resistance geoes across the Bacteroldes strains
wik dferent cindarnycm MIC values

conjugative CTnGERM1, which was once found to
harbor these genes [30]. The distribution of strains like these based
on their country of origin were as follows: 5 from Turkey, 3 from
Hungary and 1 from Beigium.

Summarizing the above findings, we may reasonably conclude
that the clindamycin susceptible strains either did not harbor any
gene or the fact that they may carry erm¥, linA or mefA genes. The
presence of ermG or the msrSA genes was not itself sufficient to
cause resistance to clindamycin. Therefore, the main factor for
dindamycin resistance might be the ermF gene alone or in com-
bination with the CTnGERM1 genes (ermG, mefA and msrSA). The
linA gene, probably residing on mobilizable transposons such as
NBU2, was also a factor contributing to this type of resistance
{Fig. 3, Tabie S2). The distribution of mefA was noticeably different
(p = 0.043) among clindamycin-resistant B. fragilis and NFB strains
(Table 5).

33 Prevaience of other resistance genes {tetM, tetQ, tetX, tetX1,
tee36, nim. bexA) among B. frogilis and NFB strains

The prevalence of the tetQ, tetX and tetX! genes among 161
Bacterpides strains were 129 (80.1%). 16 (99%) and 8 (5.0%),
respectively (Table 6). There were no tetM-positive or tet36-positive
strain among the 161 Bacteroides isolates that were tested. Only 3

Distribution of the enaF. erms, ermG, find, refd and mseSA genes among the § Sapie aod noo-fragils Somereides strains and correlasion of the genes with their resistance o
clindamycin.

Eactercides strains Number of sirains with ressstance genes (%)

el — - anA mefA msrSA
B, fragifts (n ~ 128) 1(08) 2227 S0P 280219) 17(133) 9110)
Non-fragilss Bacteroides (n = 33) 0 (00 0303 000" 7 30 0 (0.0)
Number of u“ des strains® Namber of szzns woh genes (1)

onF mu_c lM_ mefA msrSA

& fragilis (n - 31) clindzmyan L% 53 3742) 9 (2507 9 (2807 11{3557 9(2890)
Non-fragiiss Bacteroides (o « 9] 000 s ] o007 5 (5557 o(aor 0{0.0)
~ b fer clind, 28 pgiml s

M The differences between the prevaiences are netable. Dut not statistically sgeificant (p = 0117 and p = 209, respectively) between values marked by the superscript b

and ¢ letzers.

9 The observed difference is nes statistically sigmficant (p = nm‘mmwwmmammmumm“nwawm

* The difference is statistically significant (p ~ Q.043)

values macked by the
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Table 6

Distribution of the fethd, teoQ, tetX, retXT and tet36 genes among the & fropits and noe-fragies Sacceroides strains and cocvelation of the genes with the resistance of the

Buocteroides stralns to tigecycine,

HBacterokley straing Numder of stralns with sesstance penes (%)

tet e " treX frex ) teris
& fragiis (n -« 128) 0 (0.0} 01 (7o) 1102) 7(55) LCT)
Naon-fragills Sacteroddes (n ~ 1)) oo 28 () ) 1{30) 0 (o)
Number of resistant Bocteroides strans® Antibietic Numbeer of resistant scraiom with resistance genes in them (X)

Pt e X treX) tet s

A fragis (r « 3) Tigecycline 0(00) 3 {1000} 00 0(0.0) 0(0.0)
Nor-fragills Bacteroddes (n - 0) 0 (08 o(ao) 0an; 01{0.0) 0{00)
* Resistance breakpoint for tigecycline: =16 ugimi according to CLSL

{(1.9%) B. fragilis strains were resistant to tigecycline (MIC > 16 ug/mi)
and all of them carried the tetQ gene. Moreover, the tetM, teeX, teeX?
and ret36 genes were not present in any of the tigecycline-resistant
Bacteroides strains.

In this study, all the strains tested were susceptibie to metro-
nidazole and none of them harbored the nim gene. [n a previous
study, we examined the prevaience of the ¢fid and nim genes in a
larger number of Bacteroides strains (n = 640) [20].

The bexA gene was present in 12 (7.5%) of the 161 Bacteroides
isolates tested. These consisted of 6 (4.7%) B. frugiiis strains and 6
{18.2%) NFB strains (Table 7). This difference is statistically signifi-
cant {p = 0.024). There were no bexA-positive strains among the 18
moxifloxacin-resistant B. fragilis isolates, and of the 6 moxifloxacin-
resistant NFB, only one {16.7%) harbored the bexA gene. It is
possible that moxifloxacin resistance in the majority of the strains
could be due to mutations in the gyrA gene which is the resistance
mechanism most commonly found in fluoroquinolone resistant
strains of other species [3132]. However, the other resistance
mechanisms should be confirmed by other experiments, cg
sequencing of the gyrA genes, in the remaining moxifloxacin-
resistant strains.

In this study we examined a set of antibiotic resistance genes
that occurred among the Bacteroides strains found in Europe. In the
case of certain genes {cepA. cfed, ¢fid), our data confirmed earlier
findings: (i) cepA is very frequent among Bacterides and can be
found among NFB too [22,33.34], (ii) the prevalence of cfxA is
around 15-20% and it is not an only factor for cefoxitin resistance
[23.35,36), and (iii}) cfiA has a frequency around 5-7% in B fragilis
strains [20,25,27-29,35]. The study also darified the contribution
of other genes (ermF and tetQ) or determined the prevalences of
some recently described or unique genes (teeX, teeX1, tet36, rethd,
ermB, ermG, msrSA, mefA and linA). The scale of the current study
was greater than a smaller study reporting the detection, preva-
lence and combination of the most important resistance genes of

Bacteroides and Parabocteroides spp. |33]. This latter work detected
cepA (88.0%) and terQ (48.0X) as the most frequent antiblotic
resistance genes among a collection of clinical isolates of B. fragilis
strains, and also found ofeA (12.0%), cfid (4.0%) ermF (16.0%) and
nim (4.0%) genes in this same collection. We detected the co-
localization of some genes (ermG, mefA and msrSA) in a propor-
tion of strains (most probably due to harboring CTnGERM1),
however, we were not able to establish whether the genes in this
combination were responsible for antibiotic drug resistance, but
the results emphasize the prevalence of CTnGERM 1. The above data
might be useful in estimating the likelihood of emergence of the
more resistant or multiple-resistant Bacteroides strains. Multiple
antibiotic resistant B. fragilis strains pose a serious medical threat
and in the past were often isolated in Europe [37]. In addition, since
Bocteroides are important members of the normal intestinal
microbiota, they are exposed to antibiotics used for various reasons
by humans. They have also been observed as significant reservoirs
and sources of antibiotic resistance genes. [n our study, the ermB
and ermG genes, which are characteristic for Gram-positive species
[11], and the tetX and variant tetX! genes [18], which code for
acrobic type tetracycline oxidizing enzymes, were found among
Bacterpides isolates. Some of the resistance genes examined were,
however, found in susceptible strains, which raise the question of
their genetic regulation. It is well known that cepA, of¥A, cfiA, nim
and the ermf genes are activated by insertion sequence elements in
Bactervides strains, which may be the case in the other genes as
well

The study reported here has provided a fairly complete picture
concerning the antibiotic resistance levels and the antibiotic
resistance genes responsible for their development in Europe.
Howwu:nmﬂdalsobtastzmmpomtforﬂrmnhcrmvcsu
gation of the antibiotic resistance mechanisms of the Bacteroides
spedies or for issues involving the prevalence of the antibiotic
resistance genes isolated from the human intestinal microbiota.

Table 7
Distribution of the bexA gene among the B. fagilis and non-fragils Bacreroides straes and comelasion of their presence with the resistance of the Bacteroides strains 10
maxifloxacn.

Socteroides strains Number of strains with resistance genes {1)

)

& fragiits (= - 128) 647

Non-fragilis Bacteroides (n = 33) 60182

Number of resistant Bocreroides strains’ Antibscoc Number of resistance strains with resistance genes (1)

texA

& fragiis (n - 18) maoxifloac oor

Non-fragilis Bacteroides (n = 6) 10677

s bewak fl >8 pgimi % to CLSL

- malmmwmmmmsmww-’ 004 MMwawkanx

© The cbserved difference is not statistically significant (2 = 8.250} between valoes maried by the s

¢ letters, b of the low number of test strains.
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As part of an ESOMID Study Croup oo Anserobic Infections (ESCAI) project, 2 study was conducted 1o
measure the antibiotic susceptibiities and corresponding gene contents of 53 Bocteroides frogils group
ins isolated in Romansa. The assidsotic resistance data was comparable with the data found for other
East-European countries. Here. 5o resistant isolate was found for imipenem, metronidazole and tige-
cydline. An increasing mole of the crpA, (A and G8A penes was observed in their corresponding antibiotic
resistances. Moreover. no solate was found that harbored the 4 gene with 2 possible xtivating IS

find some isclates with namB, erml murSA, nA, sarC, trtX teth and bexA penes. This study was the Srst to
provide antibiotic resistance duta for Cinical Sacteroides strains from Romania

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Anaerobic pathogens may cause severe infections and the most
frequently isolated strains belong to Bactervides fragilis and to some
related species. These important species, are normally intestinal
commensals that exert many useful interactions in the gut In
addition, clinical Bacteroides isolates have the highest antibiotic
resistance levels and the highest number of antibiotic resistance
mechanisms among all human pathogenic anaerobic bacteria
However, their special culturing requirements make their diag-
nostic processes and antimicrobial testing tedious and time
consuming. Therefore regular geographical and temporal records of
antimicrobial susceptibilities are essential for their empirical
therapies. Regular resistance surveys have been conducted over the
yearsin the USA [ 1], in Europe [2] and also in some other developed
countries [3,4]. Thus the general picture that has emerged is that
Bacteroides are almost completely resistant to ‘regular f-lactams”
{penicillins, cephalosporins) and tetracyclines, moderate resistance
can be found for cefoxitin, amoxicillin/davulanic acd, dindamycn

* Corresponding author. of Chnical Microbiclegy, Alberz Szent Cyergy
Clinical Centre, Faculty of Medicine, University of Steged, Semmedweis & H-5726
Szeged, Hungary. Tel: - 36 62 545359; fax: + 36 62 545712
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1075-9564/C 2014 Elsevier Lid. All rights reserved.

aﬂmﬂm.aﬂmcmumybwfwm

clevated imipenem resistance levels [6]. The particular antibiotic
mm&anmﬁumv«dwhh&nﬂﬂ!m

carbapenems, ermf for the MLSB (macrolide, lincosamide, strep-
togramin) group of antibiotics, nim genes for 5-nitroimidazole re-
frequent antibiotic resistance grenes may also be found among

elements may activate the resistance genes to induce high resis-
tance levels.

Romania did not send Bacterpides strains to the latest European
survey. partly because anaerobic diagnostics is only performed to a
Emited extent. However, since 2008 at Targu-Mures (2 university
town in Transyivania) a good anaerobic diagnostics facility has been
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Table 1
Comp of the valoes d in this study with these for Ecrope.
Croup Descriptor I iy ip | Cefominm C up e flaxacin Tetracychine  Tigecychne
chvalanic  tsobactam
aod

European Range 1->206  OD16-»256 0016-»256 |-»2% QO0I6-»25%6 O002-»32 O0I6-256 «0.125--32 an16-32
Hac! MiCy ” 1 4 " 2 o 0s 1 02s
Jragils growp  MICy, »256 16 2 128 » 3% ] ] 1 2
srains Resistance (X) 582 104 g "y na ansy’ s e W
(0« B24)

Komanian Range 1-2296 02504 0032-32 2138 QOR->2% 0022 0125 Q125532 <0525 Q0028
Bacteroides MICy, n b A 1] 1 ans 0 1 n 02s
fragilts groap MGy 2% 1 10 ™ 4 ] 0s »32 (= as
Mrains Resistance (%) 960 130 50 (L " o o IER ny o

« 53)

Luropean Range 13256 ODIG->250 GO->256 1->2% QOG- >256 0002-»12 001612 <0125 -04 Qo652
Sacteroddes MICy, » 1 1L | 0 os as - as
fragilty strains MIC,, *2346 1 10 I 0 ol 1 L] 2

« B00) Resistance (X) 974 LY 55 n> ns 12 os 140 8

Romanian Range 22256 02564 005-12 4 Q064 >2% 0032-2 012503 0125532 «05-256 01258
Bacteroides MiICyy n 3 2 s 1 ans 025 1 n a3s
fragilis strains MIC,, 256 16 ) n 2 1 0s >32 [ 0s
(n = 36) Resistance (%) 973 135 r " 28" 0 0 135° nor o

Romanian Range 1-5256 02516 2-R 2-128  Q0R->2% 00641 0251 05-232 <0564 ao32-2
pon-fraghis  MiCyy 16 2 1% n 4 0 0s 2 2 0125
Bacteraides MiCy *25% 16 52 >t 4 1 05 »32 [ 1
srains Resistance (%) 941 118 ns a3 235 o 0 176 R o
(n~17)

* Here, CLSI breakpoints could be applied

* The significance values for differences between & frugiits and non-fragills Baceroides stzaims were (L.238 for 1in, tazob. <0001 for cefoxitin and 0.032 for

clindamycin,

Reference Laboratory for Anaerobic Pathogens at Szeged. The Bac-
tervides strains collected between 2010 and 2013 were subjected to
the same analyses as those done for other European countries in
the latest susceptibility and antibiotic resistance mechanism study
|2). The main goal was to provide antibiotic resistance data for
Romania, as this has not yet been reported for this European
country.

2. Material and methods
2.1. Bacterial strains and cuitivation

53 B. fragilis group strains (36 B. fragilis, 7 Bacteroides thetgio-
taomicron, 7 Bactervides ovatus and 3 Bactervides vulgatus) were
collected in the period 2010 and 2013 at the Diagnostic Laboratory
of the Emergency County Clinical Hospital at Targu-Mures in
Romania, taken a wide variety of clinical samples, which were
mainly abdominal, wound and blood cuiture cases. The routine
isolations and identifications were performed according to
methods described in the literature | 7. The species identifications
were positively confirmed using MALDI-TOF MS at the Institute of
Clinical Microbiology, University of Szeged, Szeged, Hungary. For
long-term storage, 20% glycerol stocks were used at —-70 “C In
further analyses the strains were cuitivated at 37 “C anaerobically
on Columbia agar supplemented with 5% (v/v) sheep biood. 5 g/L
hemin and 1 g/L vitamin K;, or in BHIS broth (brain-heart infusion
broth supplemented with 0.5% (w/v) yeast extract. 5 g/L hemin and
1 g/L vitamin K}, in anaerobic environment (85% Ny, 10% Ha 5%
CO;) for 48 h.

Antibiotic susceptibility tests were carried out by agar dilution
as described earlier for ampicllin, amoxicillin/davulanic acd,
piperacillin/tazobactam. cefoxitin, mupenem. clindamycin, moxi-
floxacin, metronidazole. tetracycline and tigecycline [2]. The

antibiotic resistance genes (cepA, KA, cfiA, ermB, ermF, ermG, linA,
mefA, msrSA, bexAnim, tetM, tetQ, tetX. tetX? and tet36) and one IS
clement (IS4351) were detected by RealTime PCR |5). Chi-squared
analyses were carried out using Sigmaplot 12.0 (Systat Software.
Inc.) after setting the significance threshoid level to 0.05.

3. Results and discussion
31 Antibiotic resistance levels

Of the 53 strains examined, MALDI-TOF MS was abie to confirm
or update (n = 5) the original identifications. Data for the antibiotic
resistance Jevels obtained are displayed in Table 1, it is grouped into
(1) all strains, (ii) B. fragilis and (iii} NFB (non-fragilis Bacteroides),
and where available are compared with the data from the last
European Bacteroides antibiotic susceptibility study [2]. In general,
the resistance data for Romania followed the European trends with
high ampicillin resistance, moderate or low levels of resistance for
cefoxitin, clindamycin, moxifloxacin and amoxicillin/clavulanate
atﬂvuypoddmm.vuylawlevdsufresmmkﬂ)for

imipenem. piperacillin/tazobactam, metronidazole and tigecycline.
Tarxydmusapu’hﬂmmalmutzsumd.mdw:mﬂmgm

were found earlier and also in the latest European Bactervides
antibiotic susceptibility study for cefoxitin, moxifioxacin and clin-
in northern countries, but in these countries lower clindamycin
levels were observed [2,8]. The resistance values obtained in this
corresponding data values for Eastern European countries. A recent
study from Bulgaria reported similarly low resistance values for
cefoxitin (1%), dindamycin (3%) and metronidazole (0%) for Bac-
teroides fragilis group isolates [9]. No significant trends regarding
the changes in the antimicrobial resistance levels over time were
found. The Romanian B. fragilis strains exhibited lower resistance
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rates for piperacillin/tazobactam, cefoxitin and dindamycin than
non-fragilis Bacteroides strains (Table 1)

3.2. Correlation of the resistunce data and genetic background

For P-lactam antibiotics (ampicillin, cefoxitin and imipenem)
the B-lactamase gene {(cepA, ¢fxA and ¢fid) content with MIC dis-
tributions are depicted in Fig 1. An increasing tendency to affect the
MICs of the strains due to the presence of the J-lactamase genes can
be seen in the order of cepA < ¢f¥A < ¢fiA. Thus the cepA gene
occurred in the whole ampicillin MIC range, oA displayed a small
dilutions shift towards higher cefoxitin MICs {as was found in
carlier reports [10]), and ¢fiA positive strains were separated and
had the highest imipenem MIC values. No imipenem resistant
B. fragilis strains were found, but the 3 c¢fid-positive strains dis-
played elevated imipenem MICs (12 pg/mi) and no IS clement was
found in their upstream positions. The prevalence of ¢fid-positive
B. fragilis strains (8.3%) corresponds to internationally published
values or is somewhat higher. No specific gene could be linked to
the observed amoxicillin/clavulanate and piperacillin/tazobactam-
resistant cases.

The clindamycin MIC distribution (Fig. 2A) was trimodal with
three peaks at 0.064. 1 and 256 ug/ml The 4 ermF-positive strains
(7.5%) fell into this latter high resistance category. However, the
prevalence of the ermF gene (7.5%) was much less than that for the
European {24.2%) average, but it was similar to the case of Costa
Rica where no ermF-positive isolates were found [11] among
clindamycin-resistant isolates, despite 3 22% resistance rate [12L
Some of the other MLSy, lincosamide or streptogramin resistance
genes (ermB, msrSA, linA and satG) were harbored by isolates having
MICs in the resistance category (4 ug/mi). We did not find the
coincidence ermG, mefA, msrSA genes that would indicate the
presence of CTnGERM1 [13]. Four IS4351 element-positive strains
were found, out of which only one harbored an ermF gene.

One nim-positive strain (2.0%) was found that was not
metronidazole-resistant (MIC 0.125 ug/mi). From nucicotide
sequencing this nim gene turned out to be nimB and using plasmid
isolation we detected the presence of only two cryptic plasmids (42
and 5.6 kb), so this nimB gene was probably chromosomal.

Despite the fact that the tetQ gene was present in the whole
tetracycline MIC range (Fig. 2B), its prevalence was higher in higher
tetracyclin MIC categories (p < 0.001) Of the 33 tetQ-positive
strains, only 2 lay in the susceptible range. Here, two tetX1-positive
and 1 tetM-positive strains were detected. This latter coincided
with a tetQ gene in a strain with 32 ug/mi tetracycline MIC, so its
role in the tetracycline resistance of the carrying strain could not be
estimated.

Nine bexA-positive strains were detected and most of them were
harbored by strains that had elevated moxifloxacin MICs (24 ug/
mi). However, this gene was not found in truly moxifloxacn-
resistant strains, hence the usual gyrA mutations might lead to
these phenotypes [14.15].

4. Conclusions

We were the first to measure the antibiotic resistance levels for
reievant antibiotics of Bacteroides strains isolated in Romania, and
this may help empiric antibiotic therapy options for dinicians in
this country in the future. The antibiotic resistance levels found
were similar to those found in other East European countries,
especially Buigaria. In addition, as part of an ESGAl study, we
detected the prevalence of the corresponding antibiotic resistance
genes. An increasing influence of the cepA, oA and ofid genes was
observed for the resistance levels of the corresponding antibiotics
(ampidillin, cefoxitin and imipenem). The prevalence of other genes
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differencies were also found like a low rate of the ermF genes and
an absence of the CTnGERM1 element.
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Available caline xxx ceptibility testing in b s it inc ng. The aims of the present study were to evaluate the
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companng rone diameter results with MIG obtsined earbier during an Europe-wide antibiotic suscep-
tibility surveillance, and to propose rone diameter break which late for the EUCAST MIC
mwmmmmdulmﬂwm“m
dindamycin, imipenem, metronidazole. moxifioxacin, piperacillin/tazobactam, tigecycline by agar dilu-
tion method previously The inlubition zones of the same antibiotics including meropenem disc were
determined by the disc diffusion on Srucells blood agar supplemented with haemin and vitamin K1
Plates were incubated 2t 37 “C in an anaerobic atmosphere for 24 k. The rone diameters were read at
100% inlubition. In case of discrepant results MICs were determined by gradient test and compared with
the inhibition 20mes on the same plate We found 2 good agreement between the inhkibition 2one di-
mmmmhmmmmmmuii&hnm
di 7s of d clearly the isolates, which can be considersd wild-type solates,
In case of amexicilliniciavalanse a0 and piperacillintarobactam intermediate and susceptible solates
according to the MIC determination, overiap during the zone diameter determination. Isolates with an
Inhibition zone <23 men for amossciiin/cavuianic acid and <25 mm for prperaciiin/tazobactam should
be retested by 3 MIC determination method. The 10 g dindamycin disc cdearly separated the resistant
and the susceptible popuiation of & fopiis group strains. In the case of cofoxitin only resistant popu-
latson could be separated with an inhdetion 2one <17 memn, intermediate and susceptibie isolates overlap.
In conclusion, we suggest that disk ciffizsion can be an option for susceptibility testing of B fragilis group
isolates for most relevant aatbootics n routine laboratories.
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1. Introduction

Antimicrobial susceptibility testing of anaerobic bacteria =
important because variable resistance to penicillins, cephalospo-
rins and clindamycin undermines empiric antimicrobial choices.
Furthermore, increasing resistance to carbapenems and beta-
lactams in combination with beta-lactamase inhibitors are also

* Part of this stdy was presented duning the 230d ECOMID in Sorcelona 2038
* Corresponding author. Institute of Cinical Microdiolegy, University of Saeged.
Semmetweis u. 6, H-6725 Sreged, Hungary. Tel: +36 62 541659 foc + 36 &2
545712,
E-mnuil address: nagy.erzsebes@med o-sreged bo (E Nagy).

hing:/[dx.doiorg 10,1016/ anaercbe 2054, 10,008
107595640 2014 Elsevier Ltd. All rights reserved.

registered [1.2]. The rate of metronidazole resistance or reduced
susceptibility in Bacteroides spp. is generally low. around 1% but
some reference laboratosies observed an increased number of
metronidazole resistant strains (up to 7.5%) among the referred
Bactersides isolates at the end of the previous century {3 This
reported trend may be the resuilt of a selection bias as these isolates
were referred o the reference laboratory solely to confirm putative
resistance 10 2 5 ug metronidazole disc used in the routine. To
identify resistance among anaerobic bacteria including Bacteroides

fragilis group isolates is important, as anaerobic bacteria are asso-
threatening

dated with life infections with high morbidity and
especially if inappropriate antimicrobials are adminis-
tered [4]. Increasing number of cases is reported where muiti-

resistant Sacteroides strains are isolated [5-7]
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Departments of clinical microbiology around Europe are
harmonizing their methods for antimicrobial susceptibility testing
and classification of resistance. The EUCAST (European Committee
on Antimicrobial Susceptibility Testing) disk diffusion susceptibility
testing method has been developed for this purpose for acrobic
bacteria (8], Despite of several previous studies |9.10], disk diffusion
criteria for antimicroblal susceptibility testing of anacrobic bacteria
have not yet been fully determined, To use the disk diffusion
method is much less expensive and casler to perform than any
other antimicrobial susceptibility testing method based on MIC
determination, Data from carlier studies [9.10] and preliminary
data from recent studies published during the ECCMID 2013, sug-
gest that it can be further developed for antiblotic resistance
determination of rapid growing anacrobic bacteria such as B, fragiils
group isolates [11],

The objectives of this study were to evaluate disk diffusion for
susceptibility testing of 8. fragilis group strains by comparing disk
diffusion results with MICs obtained earlier during a Europe-wide
antibiotic susceptibility surveillance study (1] and to propose
tentative zone diameter breakpoints which correlate with the
EUCAST 8] or where no EUCAST MIC breakpoint is available with
CLSI MIC breakpoints | 12] published recently.

2. Materials and methods
2.1. Preparation of the inoculum and pre-reduction of the media

The first part of the study was performed in Odense (Denmark)
and evaluated the preparation of the inoculum for disc diffusion by
using 8. fragilis ATCC 25285 and Bacteroides thetaiotaomicron ATCC
29741 quality control strains recommended by CLSI for antimicro-
bial susceptibility testing of anaerobic bacteria. Tioglycolate broth
and 0.85% saline were compared for preparation of the 1 McFariand
inoculum. Parallel measurements of the inhibition zones were
carried out comparing zone diameters if culture plates were pre-
reduced in an anaerobic atmosphere (10% Ha, 10% COy, 80% N2) or
not. The 15-15-15-minute rule of EUCAST was applied. This means
that the inoculum suspension is used within 15 min after prepa-
ration, the disks are placed on the inoculated plates within 15 min
and then the pates are placed in the correct incubation atmosphere
{in our case in the anacrobic environment) within another 15 min
For this part of the study piperacillin-tazobactam (30/6 ug/disc)
meropenem {10 ug/disc), and metronidazole (5 ug/disc) were used.
The results were compared with the Wilcoxon signed rank test and
Hodges-Lehmann estimates of median differences with exact 95%
confidence intervals were calculated.

22 Bacteroides strains and cultivation

Altogether 381 B. fragilis group clinical isolates were included
this study; they were collected during the last European Bacteroides
resistance surveillance study in 2007-2008 and stored in a
brain—heart infusion (BHI) with 15% glycerin at —80 “C in Szeged.
Hungary [1]. B. fragilis (272) and other Bacteroides species (109)
including B. thetaiotaomicron, Bacteroides ovatus, Bacteroides wvui-
gatus, Parabacteroides (B.) distasonis, Bacteroides uniformis, Bacter-
oides eggerthii and Bacteroides nordii were cultured from this
collection on Brucella blood agar supplemented with haemin and
vitamin K {Becton Dickinson, Heidelberg, Germany) for48 hinan
anacrobic environment (Becton Dickinson GasPak EZ Container
System, Heidelberg, Germany). Agar dilution for nine antimicrobial
agents (ampicillin, cefoxitin, clindamycin, amoxicillin/clavulanic
acid, piperacillin-tazobactam, tigecycline, imipenem-—clastatin,
metronidazole and moxifloxacin) has been performed earlier [11
During the present disk diffusion test the same antibiotics except

ampicillin were used and the results were compared with the MIC
values determined during the original study. B, fragilis ATCC 25285
was used as the control strain for all measurements, using the
different antibiotic discs and the corresponding E-test (bloMérieux,
Marcy-IEtoile, France) on the same plate, No inter-laboratory or
inter-personal reproducibility evaluation was carried out in this
study. Al the measurements were done by the same person,

23. Susceptibility testing by disk diffusion

All the susceptibility testing by disk diffusion was carried out in
Szeged (Hungary). The inoculum from the 24 h primary plates of
the isolates was prepared in physiological saline to reach McFarland
L The 15-15-15-minute rule of EUCAST was used. Nine antibiotics
were tested during the disc diffusion measurements on Brucelia
hlaod aur supplemented with haemin and vitamin K, (Becton

Dickinson, Heidelberg, Germany). The antibiotic discs were as fol-
lows: amaoxicillin/clavulanic acid (20/10 ug/disc), piperacillin/
tazobactam (30/6 ug/disc), cefoxitin (30 ug/disc) imipenem/cil-
astatin (10 pg/disc). meropenem (10 ug/disc), clindamycin (10 ug/
disc). tigecycline (15 ug/disc), metronidazole (5 wg/disc), moxi-
floxacin (5 ug/disc). All discs were obtained from BioRad (Marnes-
la-Coquette, France) except metronidazole and clindamycin, which
were purchased from Oxoid (Basingstoke, UK). The plates were
incubated at 37 “C in an anacrobic atmosphere for 24 h. Zone di-
ameters were read at 100% inhibition. All the measurements were
carried out with the naked eye using a caliper. Instead of using
regression analysis for the disk diffusion interpretative criteria, in
all cases the inhibition zones and the MIC values for the antibiotics
were evaluated with the histogram-technique as presented on the
EUCAST website [8]. If EUCAST breakpoints were availabie they
were taken into consideration in the evaluation, where only CLSI
breakpoints are available (cefoxitin and moxifloxacin) these were
taken in consideration. For some strains the disk diffusion results
showed very major error [ susceptible by disc diffusion and resistant
by the previous MIC determination). In all these cases the experi-
ments were repeated using the antibiotic disk and the gradient
diffusion MIC determination (E-test strip from bioMéricux, Marcy-
I'Etoile, France) on the same plate and same culture conditions.
Because of this, it was also possible to evaluate the zone-diameter
discrepancies between repeated parallel measurements of 113 or-
ganism/antibiotic combinations.

3. Results

Using the B. fragilis ATCC 25285 and B. thetaiotaomicron ATCC
29741 control strains the paralicl measurements (aitogether 24 for
both stains) showed that there were no significant differences in
the inhibition zone diameters measured for piperacillin/tazo-
bactam. metronidazole and meropenem, when thiogylcolate broth
on pre-reduced media, compared with preparation of the inoculum
in 0.85% saline and using non-pre-reduced media {data not shown).
Accordingly. for the main study 0.85% saline solution was used for
the preparation of the inoculum and the plates were not pre-
reduced.

A total of 381 B fragilis group clinical isolates were tested. The
distribution of the inhibition zone diameters and MICs for the eight
antibiotics where MIC data were available is illustrated in the his-
tograms (Fig. 1) as used by EUCAST for demonstrating the rela-
tionship between MICs and zone diameters. In the case of
imipenem (Fig. 1A) relatively few isolates were resistant (no. 4) or
intermediate susceptible (no. 2). For each MIC value the inhibition
zones varied from O to 13 mm, with 90% of the values within 8 mm.
The resistant isolates were dearly separated from the susceptible
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strains: inhibition zone diameter for the resistant strains was
<20 mm and for the strains >29 mm, respectively. The
same was true for metronidazole (Fig. 18) where only 2 isolates
were found, which were resistant according to the EUCAST break-
points, with an MIC 8 ug/miL All but one of the susceptible isolates
had an inhibition zone >24 mm. The inhibition zones for the
different MICs varied between 0 and 14 mm and 90% of the values
were within 6 mm.

According to the MIC data no amoxicillin/clavulanic acid resis-
tant isolates were among the strains tested (Fig. 1C). A very large
distribution of the inhibition zones of the strains with the same
MICs was seen (814 mm), however intermediate resistant strains
(MIC 8 ug/mi) had an inhibition zone <22 mm with some overiap
with susceptible isolates.

In the case of piperacllin/tazobactam (Fig 1. D), three resistant
strains were found clearly separated from the intermediate and
susceptibly population by an inhibition zone <16 mm, however
intermediate and susceptible isolates overlapped by the disc

Table 1

1

diffusion method. According to these data, isolates with an inhi-
bition zone <24 mm and >16 mm should be tested by the E-test to
determine MICs and differentiate fully susceptible from interme-
diate isolates. The distribution of inhibition zone di-
ameters for each MIC values varied between 0 and 17 mm.

For testing clindamycin susceptibility of the strains (Fig. 1E) by
disc diffusion instead of the 2 ug/disc the 10 pg/disc was used. This
clearly separated the resistant population with an inhibition zone
<13 mm. The results showed that the inhibition zone diameters for
the dindamycin susceptible strains stretched out between 14 and
42 mm, however the very susceptible (MIC < 0.125 ug/mi) isolates
had a larger inhibition zone diameter in average than those having
higher MICs. The distribution of inhibition zone diameters for each
MIC values varied between 0 and 23 mm.

In the case of cefoxitin only CLSI breakpoints are available
(Fig. 1F). According to those the susceptible isolates had inhibition
zone diameters between 18 mm and 36 mm. The isolates with in-
termediate MICs had inhibition zone between 18 mm and 27 mm,

FUCAST MIC Dreakpoints for the antibiotics fested and e sugaesind susceptdeliy 2ome Sunmener Dreakpounts,

Antimicrobial agents

:
i
:
|
i

Zone diameter breakpoints {mm)

®

Pperacillin/tazcbactam
Chindamyan

NT owahn

Cefoxitin

24
15
P

sl afuan|?

15

7! means tat no zone di iviry di
* Only CLSI breakpoints are available.

was possibie.

103



b £ Nagy et ol [ Angerobe o (2008) 1-7

but this range overlapped with the fully susceptible isolates
However, the resistant population was separated from the sus-
ceptible isolates with an inhibition zone <15 mm. The zone di-
ameters varied for the different MICs between 0 and 15 mm.

For moxifioxacin only CLSI breakpoints ase available (Fig. 1G)
The disk diffusion test clearly separated the susceptible isolates
with an inhibition zone >19 mm. Only few isolates were found in
the intermediate range with an inhibition zone between 11 mm
and 18 mm. All the resistant isolates had a zone diameter <10 mm.
The zone dlameters varled for the different MICs between 0 and
11 mm with 95% within 6 mm.

For tigecycline (Fig. 1H) no MIC breakpoints are available in the
EUCAST or CLS! documents, accordingly only comparison of the
MICs and the zone diameters was possible. Among the strains
tested only three were found which could be considered fully
resistant and had no inhibition zone at all with MICs >32 pg/mi All
the strains which had MICs <4 ug/ml could be separated with a
zone diameter >20 mm. For each MIC value the inhibition zones
varied from 0 to 11 mm, with 90% of the values within 6 mm.

For meropenem we did not have MIC data from the previous
European surveillance study. Fig 2 only shows the distribution of
the zone diameters. Most of the strains had a zone diameter
>»28 mm, which separated the few isolates, which can be consid-
ered intermediate susceptible or resistant to carbapenems. [f we
compared the distribution of the zone diameters of imipenem and
meropenem more isolates not belonging to the wild type strains
could be detected by the meropenem disc. This is in agreement
with some other studies where meropenem could better distin-
guish between carbapenem susceptibie and intermediate suscep-
tible isolates [13].

In those cases where discrepant results (very major errors) were
found for the disc diffusion zone diameter data and the agar dilu-
tion MIC determination data carried out more than 6 years ago, the
measurements were repeated by E-test and disc diffusion on the
same plate. Data of these repeated measurements were taken in
consideration during the final data processing The evaluation of
results of the repeated disk diffusion measurements gave also an
opportunity to check the reproducibility of the measurements of
the inhibition zones. Out of the 113 measurements (different iso-
lates and different antibiotic discs), 88.5% of the repeated mea-
surements were within 0—3 mm (Fig. 3) The standard deviations of
the zone diameters for the B. fragilis ATCC 25285 based on 15 par-
aliel measurements were between 0.5 and 2.2 for the different
antibiotics (data not shown).

According to our experiments the tentative zone diameter sus-
ceptibility breakpoints for the different antibiotics compared with
the MIC breakpoints set by the EUCAST or CLSI are presented in
Table 1.

4. Discussion

Antibiotic susceptibility testing of amﬂd:nc bact!na is
becoming more and more important for the clinical
laboratories, as the susceptibility of anaerobic bacteria, especially B
fragilis group strains have become increasingly unpredictable dur-
ing the past decades. Resistance to the most active antibiotics such
as carbapenems piperacillin/tazobactam, amoxicillin/cavulanic
acid and metronidazole has been reported during nation-wide or
European studies [1,2,14,15]. Additionally there are clear differences
in the resistance according to the geographical areas [1] and even
differences can be found in resistance patterns in different hospitals
in a single city. which may be due to the variability in selecting
antibiotics for empirical treatment [2]. Several papers reported
about cases caused by broadly multidrug-resistant B. fragilis iso-
lates [6,716,17], as well as number of reports describes the

development of resistance in vitro or in vivo in the presence of
antibiotics 18,19 These events emphasize the need for antimi-
crobial susceptibility testing of anacrobes not only during period-
ical surveillances in different geographical arcas, but also during
the everyday routine laboratory testing. Among the methods which
are standardized today for antibiotic susceptibility testing of
anacrobic bacteria the gradient test (E-test) Is used in most labo-
ratories which carry out resistance determination for selected
anacrobic isolates for few antiblotics and in speclal cases (20,21,
but for many laboratories in Jow income countries it Is too expen-
sive to be used on the regular basis, Other methods such as the agar
dilution method are not for routine use. With the broth micro-
dilution MIC determination method, using small amounts of anti-
biotic containing broth, it is difficult to achleve a proper anacrobe
environment during inoculation, The final result may be influenced
by this, especially in slow growing anacrobes. The spiral gradient
endpoint system is not frequently used in European routine labo-
ratories. For rapld growing anaerobes (Bacteroides spp. or most of
the clostridia) disc diffusion method could be a solution. Earlier
several groups used this method for evaluation the activities of
anti-anaerobic drugs, however standardization of culture circum-
stances (media, inoculum and incubation) were not fully solved
[22--24). EUCAST already published its own breakpoints for some of
the anti-anacrobic drugs, which can be applied for agar dilution
MIC determination 8] The first study to set up zone diameter
breakpoints for Clostridium difficile has been published recently
[25] with the conclusion that among the testing conditions used in
the study. the disc diffusion method is a reliable option for anti-
microbial susceptibility testing of C difficle. There are aircady
publications about C difficile infections caused by isolates with
reduced susceptibility to metronidazole or vancomycin as well as
abesst the increasing number of strains detected to be resistant to
maxiflaxacin or rifaximin. It will probably be desirable in the future
to monitor the resistance patterns of C. difficile isolates in routine
laboratories by a simple method [25]. Extensive study was carried
out to find the proper media for the disc diffusion testing of rapid
growing Bacteroides isolates as well [26,27] and the first evaluation
was presented during the ECOMID 2013 [11]. In our study we used
standardized inoculum preparation, the supplemented Brucella
biood agar obtained from the same supplier through out of the
study and a fully controlled anaerobic incubation for exactly 24 h. A
large selection of B fragilis and other Bactervides spp were tested
against 9 antibiotics with differences in resistance rates against
these antibiotics. The only draw back of the study was that MIC data
were collected more that 6 years ago for the strains, which were
stored in —80 “C during this time. This may result changes in the
resistance levels of some isolates. However, discrepant results, in
most cases very major errors (susceptible by disc diffusion and
resistant by the previous MIC determination) were cleared up by
repeated measurements on the same plate with the E-test and the
disc diffusion. At the final evaluation no very major errors were
found. Major errors (resistant by disc diffusion and susceptible/
intermediate susceptibie by the MIC determination) were found in
one isolate for metronidazole and one isolate for cefoxitine.
Reproducibility of the disc diffusion measurements for the control
strains were carried out in two different locations. In Odense during
testing the composition of the broth for the inoculum and the effect
of the pre-reduction of the plates no significant differences were
observed in the zone diameters for meropenem, metronidazole and
piperacillin/tazobactam for 8. frogilis ATCC 25285 and
B thetoiotgomicron ATCC 29741. However, it should be emphasized
that following the EUCAST 15-15-15 min rule strictly, as well as
usage of the proper anaerobe environment for the culture is a

to obtain comparable results. Pre-reduction of the
broth for inoculum preparation, as well as the use of the pre-

104



E Nogy et ol | Angerabe wox (2084) 17 7

reduced media may be a prerequisite for testing other, more axygen
susceptible anaerobic bacteria, [n Szeged the standard deviation of
zone diameters during the parallel measurements of the 9 antibi-
otics for the B. fragilis ATCC 25285 were between 0.5 and 2.2 mm,
h«mntdmcummudunmuthnbud

Mmmm(M)mMWMM
diameter breakpoints for susceptible

wmmu»mmmmmnm:w
Isolates [11], The inhibition zone diameters of meropenem also
separated clearly the isolates, which can be considered wild-type
isolates, In case of amoxicillin/clavuianic acid and piperacillin/
tazobactam intermediate and susceptible isolates according to the
MIC determination overlap during the zone diameter determina-
tion. Isolates with an inhibition zone <23 mm for amoxicillin/
clavulanic acid and <25 mm for piperacillin/tazobactam shouid be
retested by a MIC determination method to differentiate suscepti-
ble and intermediate susceptible strains. As a difference from pre-
vious studies [ 11,22}, the 10 ug clindamycin disc was used during
this study instead of the 2 ug. A clear separation between the
resistant and the susceptible population of the B. fragilis group
strains was observed with the higher content clindamycin disc.
However, we have not evaluated its applicability for the detection
of the inducible clindamycin resistance. In the case of cefoxitin only
resistant population could be separated with an inhibition zone
<17 mm, intermediate and susceptible isolates overlap using the
disc diffusion. No zone diameter breakpoint can be suggested for
susceptibility to cefoxitin according to our data. [n conclusion, we
nmﬂmdkkﬁmmmbdmknmhmﬁ-
bility testing of B. fragiiis group isolates for most relevant antibiotics

in routine laboratories. Further studies are needed to evaluate the
disc diffusion method for other anaerobic bacteria.
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