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A new SHV-derived extended-spectrum B-lactamase, SHV-57, that confers high-level resistance to ceftazi-
dime but not cefotaxime or cefazolin was identified from a national surveillance study conducted in Taiwan in
1998. An Escherichia coli isolate resistant to ampicillin, cephalothin, and ceftazidime but sensitive to cefoxitin,
ceftriaxone, cefotaxime, imipenem, and a narrow-spectrum cephem (cefazolin) was isolated from the urine of
a patient treated with $-lactam antibiotics. Resistance to @-lactams was conjugatively transferred with a
plasmid of about 50 kbp. The pI of this enzyme was 8.3. The sequence of the gene was determined, and the open
reading frame of the gene was found to consist of 861 bases (GenBank accession number AY223863). Kinetic
parameters showed that SHV-57 had a poor affinity to cefazolin. The K., value toward cefazolin (5.57 x 10°
pM) was exiremely high in comparison to those toward ceftazidime (30.9 pM) and peniciltin G (67 pM),
indicating its low affinity to cefazelin. Althongh the K, value of the B-lactamase inhibitor was too high for the
study of catalytic activity (k,,), indicating the low k,, of SHV-57, the SHV-57 carrier was highly susceptible
to a B-lactam-B-lactamase inhibitor combination. Comparison of the three-dimensional molecular model of
SHY-57 with that of the SHV-1 B-lactamase suggests that the substitution of arginine for leucine-169 in the O

[oop is important for the substrate specificity.

Since the first extended-spectrum B-lactamase (ESBL) was
isolated in Germany in 1983 (11), TEM-, SHV-, CTX-, and
OXA-type ESBLs have been described in various members of
the family Enterobacteriaceae (G. A. Jacoby and K. Bush,
http:/fwww.lahey.org/studies/webt.htm). Most of the ESBLs
have altered hydrolytic activities compared with those of the
classical enzymes TEM-1, TEM-2, and SHV-1 as a result of
amino acid changes in different specific positions (10, 17).
SHV-1 is a narrow-spectrum B-lactamase with activity against
penicillins. The first extended-spectrum SHY enzyme was de-
scribed in 1985 and was named SHV-2 (10). The serine at
amino acid position 238 was found to be replaced by glycine in
SHV-1 and was found to cause resistance to extended-spec-
trum B-lactams. Since then, many SHV-type ESBLs have been
reported. Most of the substitutions are at Ambler position 179
or 238, alone or in combination with alterations at positions 35
and 240, which are important for substrate extension (G. A.
Jacoby and K. Bush, http://www.lahey.org/studies/webt.htm).
X-ray crystallography shows that mutations which cause amino
acid changes on or close to the €1 loop of the enzyme are highly
correlated to resistance to extended-spectrum B-lactams (12).
The mutation at Gly238 has frequently been reported in SHV-
type ESBLs. It causes resistance to various antibiotics, ranging
from narrow-spectrum cephalosporins (cefazolin) to extended-
spectrum cephalosporins (ceftazidime and cefotaxime}. How-
ever, resistance only to extended-spectrum cephalosporing with
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susceptibility to narrow-spectrum cephalosporins is rarely en-
countered. In this report we delineate the mechanism of resis-
tance of an Escherichia coli isolate recovered during an island-
wide survey in Taiwan (7). This isolate is highly resistant only
to ceftazidime but is susceptible to cefazalin,

MATERIALS AND METHODS

Bacterial strains. E. coli 981223 was collected during an istand-wide study of
antibiotic resistance in Taiwan in 1998 (7). It was isclated in September 1998
from the urine of an 18-month-old boy with pneumonia. He had a history of
faifure to thrive, multiple abnormalities, intussusceptions, intestinal resection,
and recurrent pneumonia that had resulted in 10 hospitai admissions since birth.
Before strain isolation, the patient had received empirical antibiotic treatment,
including treatment with peniciilin, oxacillin, cefotaxime, cefuroxime, ceftriax-
one, amikacin, ceftazidime, vancomyein, erythromycin, and gentamicin, during
the 10 hospitalizations. The strain was identified as £. col with the Vitek system
(bioMerieux Vitek, Inc., Hazelwood, Mo.).

Conjugation. The transfer of resistance was carried out by conjugation. A
rifampin-resistant strain of E. coli (strain JP-995) (18) was used as the recipient.
Recipients and donors were separately inoculated into brain heart infusion broth
(Oxoid Ltd., Basingstoke, England) and incubated at 37°C for 4 h. They were
then mixed at a ratio of 1:10 (by volume) for overnight incubation- at 37°C. A
0.1-ml volume of the overnight broth mixture was then spread onto a MacConkey
agar plate containing rifampin (100 pg/mi) and ceftazidime (2 pg/ml).

Susceptibility testing. Antimicrobial susceptibility was determined by the
broth microdilution test, according to the guidelines of the National Committee
for Clinical Laboratory Standards (16). The following antimicrobial agents were
used: ampicillin, cephalothin, cefazolin, cefoxitin, cefotaxime, cefotaxime-clavi-
fanic acid, ceftriaxone, ceftriaxone-clavulanic acid, ceftazidime, ceftazidime-cla-
vilanic acid, imipenem, amikacin, aztreonam, and ciprofloxacin. All drugs except
ciprofloxacin were incorporated intc Mueller-Hinton broth (TREK Diagnostic
System Ltd., Chichester, West Sussex, United Kingdom) in serial twofold con-
centrations from 0.25 to 32 ug/ml; a lower concentration of 0.03 pg/ml was used
for ciprofloxacin. Two control strains, E. coli ATCC 35218 and ATCC 25922,
were included in each test run. The inoculated plates were incubated at 35°C for
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TABLE 1. Oligonucleotide primers used for amplification and/or sequencing reactions

Primer Sequence -Description or position”
M4 5S'-GTTTTCCAGTCACGAC-3" From M13 vector sequence
RV 5'-CAGGAAACAGCTATGAC-3/ From M13 vector sequence
SHV-F 5'-GGTTCATATGCGTTATATTCGCCTGTGT-3' For overpraduction system
SHV-R 5'-TCCTTCTCGAGTTAGCGTTGCCAGTG-3 For overproduction system
SHV-F1 5'-TTGTGAATCAGCAAAACGCC-3' 38-57
SHV-F2 5-ATGCGTTATATTCGCCTGTG-3' 125-144
SHV-R1 5-TAAAGGTGCTCATCATGGGA-3 329-310
SHV-F3 5'-TCAGCGAAAAACACCTTG-3 435452
SHV-R2 5"-CCGTTTCCCAGCGGTCAAGG-3 614-595
SHV-R3 5'-GTTAGCGTTGCCAGTGCTCG-3 989-970

7 The sequence position was designated according to the numbering of Mercier et al. (15).

16 to 18 h. The MIC of each antimicrobial agent was defined as the lowest
concentration that inhibited visible growth of the organism.

Isoelectric focusing. After 20 h of culture in brain heart infusion broth, the
bacterial cells were harvested by centrifugation and the pellet was resuspended
in 1 mi of phosphate buffer {10 mM; pH 7). Enzymes were released by two cycles
of freezing at —70°C and thawing at room température and sonication for 5 min
in a somicator in ice-cold water. Isoelectric focusing was performed in an am-
pholine gel (pH 3.0 to 10.0; Pharmacia, Uppsala, Sweden). Preparations from
standard strains known to harbor SHV-5 and CTX-M-14 were used as standards.
After isoelectric focusing, B-lactamases were detected by spreading nitrocefin (50
wg/ml) ona the gel surface (14).

Cloning of SHV-57 gene, Plasmid DNA from the transconjugant was isolated
with a plasmid mini kit (Qiagen, Inc., Mississauga, Ontario, Canada) and was
partially digested with Sau3Al. The fragments were ligated into the BamHI site
of pHS(G298 by using T4 DNA ligase (Invitrogen, Carlsbad, Calif) and electro-
porated into E. coli DH5q, Clones were selected on Luria-Bertani agar plates
containing 25 pg of kanamycin/ml and 5 pg of ceftazidime/m!.

DNA sequencing analysis. The plasmid containing the cloned blaguy.s7 gene
was prepared with a Concert Rapid Plasmid Miniprep system (GibcoBRL,
Grand Island, N.Y.). The cloned gene was sequenced with the primers listed in
Table 1. The N-terminal sequence was obtained by analyzing purified SHV-57
with a protein sequencer (PPSQ-23; Shimadzu, Kyoto, Japan) by the Edman
degradation method (1). Mass spectrum analysis was done with an AXIMA-CFR
plus mass spectrometer (Shimadzu).

Construction of overproduction system. Xhol and Ndel restriction sites were
inserted into the plasmid DNA of the original SHY-57 enzyme. This was done
during PCR amplification with the sense and antisense primers listed in Table 1.
PCR amplification conditions were denaturation at 94°C for 5 min, followed by
25 eycles of amplification at 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, with
a final extension at 72°C for 7 min. The resulting PCR product was purified with
a QIAquick PCR purification kit (Qiagen, Inc.}. The amplified praduct was then
inserted into plasmid vector pCR2 Blunt I TOPQ (Invitrogen), and the ptasmid
was transfarmed into £. coli MY1184 fera A(lac-proAB) rpsL thi($80iacZAMI15)
Asrl-recA)306: Tol0(ter' } ¥ traD36 proAB™ lacl® lacZAMI15 (Takara Shuzo Co.
Ltd., Shiga, Japan). Sequencing was done with an automatic sequencer (ABI
Prism 310 genetic analyzer; Perkin-Elmer Biosystems, Norwalk, Conn.). After
the sequence was confirmed, Xhel and Ndel (Takara Shuzo Co. Ltd., Tokyo,
Japan) were used to digest the PCR product. The product was then cloned into
the vector pET 28a (Novagen, Madison, Wis.).

Purification of B-lactamase. £. cofi BL21(DE3)pLysS, F~ ompT hsdSg (rp”
nig”) gal dem (DE3)pLysS (Novagen)}, was used to produce the enzyme as a
soluble protein. Since bacteria grown at 35 and 30°C produced inclusion bodies,
a growth temperature of 25°C was used for the bacteria, which were incubated in
§ liter of Super broth on a rotating shaker. When the opticat density at 600 nm
of the culture reached an absorbance of 0.5, isopropyl-B-D-thiogalactopyranoside
(IPTG; Sigma, Steinheim, Germany) was added at concentrations of 9, 10,
50,100, 150, 200, 500, and 1 mM. A final concentration of 50 oM IPTG gave an
appropriate level of enzyme expression. The maximum activity of the enzyme was
reached 7 h after induction. The bacteria were incubated on ice for 10 min and
then harvested by centrifugation at 5,000 X g for 10 min at 4°C. The cells were
then suspended in 100 ml of 30 mM Tris-HCI buffer (pH 8.0) containing 27%
sucrose, Liberation of the periplasmic content was achieved by addition of
lysozyme (final concentration, 0.4 mg/m!) and EDTA (final concentration, 5
mM) to the cooled solution, After 50 min of incubation on ice, the reaction was
stopped by adding CaCl, (final concentration, 2 mM). The sample was then’

centrifuged at 10,000 X g for 10 min at 4°C. The supernatant was dialyzed
overnight at 4°C in 5 liters of 10 mM sodium acetate buffer (pH 5.0). Purification
was done with a HiPrep 16/10 SP XL system {(Amersham Biosciences AB,
Uppsala, Sweden) equilibrated with 10 mM sodium acetate buffer (pH 5.0). The
initial rate of hydrolysis of 100 .M nitrocefin (At = +10,000 M~ lem ™% Oxoid
Ltd.} was measured, and afl. fractions containing B-lactamase activity were
pooled. The purity of the B-factamase preparation was controlled by sodium
dodecyl suifate-polyacrylamide gel electrophoresis (SDS-PAGE) on 16% pely-
acrylamide gels stained with Coomassie brilliant blue, The purification process
was done with an AKTA purifier' (Amersham Biosciences AB).

Determination of kinetic parameters. The activity of the highly purified p-fac-
tamnase was measured by spectrophotometric assay with a UV-2550 spectropho-
tometer (Shimadzu) connected to a personal computer, The rate of hydrolysis of
the antibiotics by SHV-57 and SHV-1 was determined by monitoring the varia-
tion in the absorbance of each B-lactam. Steady-state kinetic parameters were
determined for the following B-tactam compounds diluted in 50 mM phosphate
baffer (pH 7.0}. Benzylpenicillin (Agz3; = —780 M ~'em™") was purchased from
Sigma Chemical Co. (St. Louis, Mo.). Ceftazidime (Agyg = —10,300 M~ 'em™})
and clavulanic acid were gifts from Glaxo SmithKline {Tokyo, Japan). Cefazolin
was a gift from Fujisawa Pharmaceutical Co. Ltd. {Osaks, Japan), and tazobac-
tam was a gift from Taiho Pharmaceutical Co. (Tokyo, Japan). Four to seven
different substrate concentrations were used to deterrnine the kinetic parameters
for each substrate, and the values for the parameters reported are averages of
three independent measurements. The reactions were performed in a total vot-
ume of 500 pl at 30°C. Bovine serum albumin {20 mg/ml) was added tc the
enzyme Lo prevent depaturation, The values for zll kinetic parameters were
determined by measuring the initial rate of hydrelysis of the selected antibiotic
and using Hanes-Wolf linearization of the Michaelis-Menten equation. In the
case of poor substrates, the K, was determined as the competitive inhibition
constant (K) with nitrocefin as the reporter substrate.

Structural model of SHY-57. A structural model of SHV-57 was constructed
by mutating Leul69 to arginine with the Biopolymer module installed in the
Insight I program (version 2000; Accelrys Inc., San Diego, Calif}. The structure
of the model was minimized with the Discover 3 program (version 2000; Accelrys
Inc.} until the final root mean square deviation became less than 0.1 keal/mol/A.
Ceftazidime and cefazolin were manually docked into the binding site of SHV-1
and SHV-57 by placing the carbony! oxygen atom of the P-lactam at the oxyanion
hole formed by the amide groups of Ser70 and Ala237, The energies of the
complex structures were minimized with the Discover 3 program, and the binding
sites of the minimized Structures were then covered with a sphere of water
molecules of 20 A in diameter centered at the Ser70 residue. The optimized
complex structure was selected from 100 energy-minimized structures sampled
by molecular dynamics calculations, which were performed at 300 K on residues
within 12 A from the B-lactam compound with 2 cutoff distance of 10 A, a
distance-dependent dielectric constant, and a time step of 1 fs for 100 ps by
sampling the conformation every 1 ps by using the Consistent Valence Force
Field parameters in the Discover 2 program (version 98; Accelrys Inc.) at 208 K
for 100 ps.

Nucleotide sequence accession number. The nucleotide sequence data for the
SHV-57 gene were submitted to the National Center for Biotechnology Infor-
mation Data Libraries (GenBank), and the sequence has been given accession
number AY 223863,
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FIG, 1. Isoelectric focusing of the new B-lactamase variant and
reference B-lactamases. The numbers on the left are in kilobases.

RESULTS

Plasmid profile and isoelectric focusing. The B-lactam re-
sistance of the isolate harboring the B-lactamase was found to
be conjugatively transferable. Only one plasmid was feund in
the recipient. The plasmids from the transconjugants had mo-
lecular sizes that ranged from approximately 40 to 60 kb.
Transconjugants which acquired ceftazidime resistance by con-
jugation appeared at a frequency of 107>, The plasmid, which
was designated pMTY512 (pMTY; registered with the Plasmid
Reference Center), was cleaved into 16 segments by HincIL.
From the sizes of the fragments obtained, the size of pMTY512
was estimated to be about 51 kb. Narrow-range ampholine gel
electrophoresis revealed that, with reference to the CTX-M-14
{pl 8.1) and SHV-5 (pl 8.2) B-lactamases, the SHV-57 B-lac-
tamase had a pl of 8.3 (Fig, 1).

Susceptibility testing. The SHV-57 carriers, transconju-
gants, and cloned strains were found to be ampicillin, cephalo-
thin, and ceftazidime resistant. They were susceptible to cefa-
zolin, cefotaxime, aztreonam, ciprofloxacin, amikacin, and
imipenem. When clavulanic acid at a fixed concentration of 4
pg/ml was combined with ceftazidime, a greater than fourfold
reduction in the ceftazidime MIC, a characteristic of ESBLs,
was observed (Table 2).

DNA sequencing. The nucleotide sequence of 1,310 bp was
determined by the strategy shown in Fig. 2. An 861-nucleotide
open reading frame with a G+C content of 63.2% was present
in this sequence. The sequence initiation codon (ATG) was
preceded by a possible ~10 region (AAAAAT) and a ~35
region (TTGATT) of a putative promoter. The termination
codon was TAA. From the putative open reading frame, the
precursor form of SHV-57 seemed to consist of 286 amino acid

ANTIMICROB, AGENTS CHEMOTHER.

TABLE 2. MICs of various antibiotics for strains producing the
SHV-57 B-lactamase

MIC {p.g/mt) .

Antibiotic” .

5;3;;!; Transconjugant g:::sg JP-995
AMP >32 >32 =32 2
LOT >32 >32 8 4
CEZ 8 8 8 2
CFX 8 8 4 4
CTX 1 1 0.5 <0.25
CTX-CAL <025 <0.25 <0.25 <0.25
CTR 8 8 4 0.5
CTR-CAL <0.25 <0.25 <0.25 <0.25
CAZ =32 >32 =32 <025
CAZ-CAL 1 =0.25 0.5 <0.25
AZM 2 2 0.5 <025
IMP <0.25 0.5 <{0.25 0.5
GEN >32 >32 I <0.25
AMK =32 =32 <0.25 <0.25
CIP <{.03 <0.03 <0.03 <0.03

@ Abbreviations: AMP, ampicillin, LOT, cephalothin; CEZ, cefazolin; CFX,
cefoxitin; CTX, cefotaxime; CT¥-CAL, cefotaxime and clavulanic acid; CIR,
ceftriaxone; CTR-CAL, ceftriaxone and clavulanic acid; CAZ, ceftazidime;
CAZ-CAL, ceftazidime and clavulanic acid; AZM, aztreonam; IMP, imipenem;
GEN, gentamicin; AMK, amikacin; CIP, ciprofloxacin.

residues. Consensus sequences, such as SXXK, SDN, and
KTG, in class A B-lactamases were found in the amino acid
sequence of the SHV-57 B-lactamase (GenBank accession
number AY223863). Thus, SITV-57 is a class A B-lactamase.
Determination of kinetic parameters. The purified enzyme
gave a single band on SDS-PAGE with a molecular weight of
28,904, The overproduction system and purification process
yielded 1.6 mg of purified SHV-57 per ml in a total volame of
2.5 ml. The purity achieved was over 95%, as observed by
SDS-PAGE. The N-terminal sequence of the mature enzyme is
SPQPLEQIKILSESQLSGRVGMIEMDLASGRTLTAWRA
DERFPMMSTFK. The kinetic parameters for SHV-57 and
SHV-1 are summarized in Table 3. The results showed that the
SHV-57 -lactamase exhibited a narrow-spectrum activity pro-

. file, although notable differences were detected with different

substrates. The K,,, value toward cefazolin (5.57 X 10° pM) was
extremely high compared to those toward ceftazidime (30.9
pM) and penicillin G (67 puM), indicating its low affinity to
cefazolin. The K; values of clavulanic acid and tazobactam for
the inhibitors were 27 X 103 and 1.16 x 10° uM, respectively.
Similarly, the concentration of cefazolin required for the study
of catalytic activity (k_,,) was also too high and could not be
detected with our equipment, indicating the low catalytic ac-
tivity of SHV-57. On the other hand, SHV-57 had relatively
higher catalytic activities for ceftazidime and penicillin G than
for cefazolin. The hydrolytic efficiencies (k,/K,,) of the puri-
fied enzyme toward benzylpenicillin and ceftazidime were 5.67
»x 107% and 2.78 X 107° pM™! 5, respectively. Since the
hydrolytic efficiency (k_,/K,,) of cefazolin was not detectable,
ceftazidime and penicillin G are relatively good substrates for
SHV-57.

Structural model of SHV-57. The substitution of Arg for
Leul69 induced a conformational change in the Asn170 resi-
due, which was located at the site proximal to the moieties
attached to the C-7 position of the cephalosporin skeleton.
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FIG. 2. (A and B) Complex structure model of ceftazidime in SHV-57 and SHV-1, respectively. Ceftazidime is shown by the stick model. The
carbon atoms are in light blue; and the oxygen, nitrogen, and sulfur atoms are in red, dark blue, and yellow, respectively, unless indicated otherwise.
Only the main chain of SHV-57 within 12 A of ceftazidime is shown by the ribbon model. Major residues proximal to ceftazidime are shown by
the bali-and-stick model. The carbon atoms of the residues are in green, unless indicated otherwise. The residues are indicated by one-letter code.
The red dotted lines indicate the hydrogen bonds between ceftazidime and the enzyme. (C and D) Complex structure models of cefazolin in
SHV-57 and SHV-1, respectively. Cefazolin is shown by the stick model. Only the main chain of SHV-57 within 12 A of cefazolin is shown by the
ribbon model. Major residues proximal to cefazolin are shown by the ball-and-stick model. The colors of the various elements are as defined for

panels A and B,

Thus, the aminothiazole moiety of ceftazidime bound favor-
ably in the pocket formed by Asnl70 and Glu240, which were
located within hydrogen bond distances of the positively
charged amino group of the aminothiazole moiety. In addition,
Asnl70 formed a hydrogen bond with the carboxylate group of
the dimethyl-carboxymethyloxime moiety (Fig. 2A). Since in
the crystal structure of SHV-1 Asn170 has a different confor-
mation which does not permit the formation of favorable hy-

drogen bonds with ceftazidime (Fig. 2B), the hydrogen bonds
should play a crucial role in the binding of ceftazidime in
SHV-57. Thus, ceftazidime is a good substrate for SHV-57. In
contrast, the tetrazole moiety of cefazolin is electrostatically
negative, and thus, interactions between the tetrazole moiety
and Asnl70 are unfavorable. Moreover, an unfavorable elec-
trostatic interaction between negatively charged Glu240 and
the tetrazole moiety dislocated the tetrazole moiety away from
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TABLE 3. Comparison of kinetic parameters between SHV-57 and SHV-1 $-lactamases

SHV-57 SHV-1
Drug . - Kead Ko ‘ - (-
K., (uM) K; (pM) Kea (8 l) (FLM_l s—l) K, (I-"M) . K; (M) LA 1) (l"M—l s——l)
Penicillin G 67 18 x 1073 5.67 X 107% 121 697 5.76
Nitrocefin 130 444 3.42 155 19.7 1.27
Cefazolin 557 x 106° 110 UD 8 143 1.79
Ceftazidime 30.9 8.6 %107 278 x 1073 uD uD uD
Tazobactam 1.16 X 10° 243
Clavulanic acid 27 x 109 0.56

4 UD, undetectable.

the binding site (Fig. 2C). Asn170 in SHV-1 does not interfere
with the binding of the tetrazole moiety, which formed a fa-
vorable hydrogen bond with Thr167. In addition, the tetrazole
moiety had a conformation that avoided an unfavorable elec-
trostatic interaction with the carboxylate group of Glu240.
Therefore, whereas SHV-1 binds to cefazolin with favorable
interactions at the tetrazole binding site (Fig. 2D), SHV-57 has
unfavorable interactions with the tetrazole moiety; and thus,
cefazolin is stable against SHV-57.

DISCUSSION

SHV-57 is a plasmid-encoded class A ESBL. Most SHV-
type ESBLs have the Gly238Ser substitution alone or com-
bined with alterations at position 240 or 35 (G. A. Jacoby and
K. Bush, http://www.lahey.org/studies/webt.htm). The substitu-
tion at amino acid position G238S is on the B strand (13). It is
the premier substitution that preserves penicillin and cephalo-
sporin resistance (8). Another common group of SHV-type
ESBLs has a single amino acid substitution at the Asn179
residue on the Q loop. These include SHV-6 (D179A), SHV-8
(D179N), and SHV-24 (D179G), which confer resistance to
ceftazidime (12). The role of Asp179 has been well studied (2,
3, 12). The X-ray crystal structure of the mutant with the
D179N mutation of the PC1 8-lactamase shows a disordered ()
loop (5). Crystallographic investigations of the structures of
several class A B-lactamases have shown a salt bridge between
Argl64 and Asp179 that anchors the base of the () loop (4-6,
9, 12, 19). Vakulenko et al. (20) changed Aspl79 to 19 other
amino acids by site-directed mutagenesis to disrupt the salt
bridge between Arg164 and Asp179. Most of the substitutions
for Aspl79 increased the level of resistance to ceftazidime.

In our study, MIC data indicated that in SHV ESBLs, in
addition to residue 179, residue 169 on the £} loop also plays an
important role in influencing substrates. Interestingly, the sus-
ceptibility pattern showed that the enzyme caused resistance to
ceftazidime but susceptibility to cefazolin-and is inhibited by
the B-lactamase inhibitor clavulanic acid. On the contrary,
kinetic studies showed that the B-lactamase inhibitors tazobac-
tam and clavulanic acid did not have inhibitory actions on this
enzyme. A discrepancy between MIC and kinetic data has also
been described for other B-lactamases, such as MOX-1 (1).
Perhaps the results of experiments conducted with pure en-
zyme in vitro are different from those conducted in vivo, in that
bacteria can have other biochemical modifications under nor-
mal conditions. This contradiction between MIC and kinetic
data needs further study.

SHV-57 is a clinical variant found in Taiwan. Because of the
significant role that amino acid substitution plays in p-lacta-
mase-mediated resistance, wé elucidated the substrate recog-
nition mechanism using a model for the enzyme-substrate
complex. In conclusion, the substitution of arginine for
leucine-169 in the £} loop is important for substrate specificity
and causes ceftazidime resistance.
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The aim of this study was to determine the distribution of metallo-p-lactamase-producing Pseudomonas
aeruginosg in Japan and to investigate the molecular characteristics of resistance gene cassettes including the
gene encoding this enzyme. A total of 594 nonduplicate strains of P. aeruginosa isolated from 60 hospitals
throughout Japan in 2002 were evaluated. This study indicated that although the prevalence of imipenem-
resistant P. aeruginosa has not increased compared to that found in previous studies, clonal distribution of the

same strain across Japan is evident.

Class A, B, and D p-lactamases, as defined by Ambler et al,,
can hydrolyze carbapenems (1, 9), In particular, class B -lac-
tamases, termed metalio-B-lactamases, are an increasingly se-
rious clinical problem because they have a very broad substrate
profile that includes pericillins, expanded-spectrum cephalo-
sporins, and carbapenems and excludes only monobactams,
such as aztreonam. It has been reported that IMP-1 metallo-
B-lactamase-producing Serratia marcescens was first isolated in
Japan in 1991 (10). Recently, merallo-B-lactamase-producing
Pseudomonas aeruginosa and S. marcescens probably have the
highest incidence of isolation in Japan (7).

Most metallo-B-lactamase genes are located on integrons,
which are genetic elements containing gene cassettes that can
facititate their spread and mobilize the genes to other inte-

grons or to other sites. The gene cassettes often encode climi- |

cally important antibiotic resistance genes, including those en-
coding B-lactamases such as extended-spectrum p-lactamases
and carbapenemases, and also aminoglycoside-modifying en-
zymes (12).

Little -is known about the distribution of the clone(s) that
produces metallo-B-lactamases in Japan. Therefore, we con-
ducted a surveillance study covering a wide geographic area
with the aim of determining the distribution of metallo-§-
lactamase producers in Japan and to investigate the molecular
characteristics of the resistance gene cassettes that included
the gene encoding a metallo--lactamase.

A total of 594 nonduplicate strains of P. aeruginosa isolated
from 60 hospitals throughout Japan in the year 2002 were
evaluated. The susceptibility of P. aeruginosa to several antibi-
otics was measured with the Etest strip, and the strains were
stored on Casitone medium (Eiken Chemical Co. Ltd., Tokyo,
Japan) {data not shown). After 6 months, the antibiotic sus-

* Corresponding author. Mailing address: Department of Microbi-
ology, Toho University School of Medicine, 5-21-16 Omori-nishi, Ota-
ku, Tokyo 1438540, Japan. Phone: 81-3-3762-4151, ext. 2306. Fax:
81-3-5493-5415. address: E-mail: yoishii@med. toho-u.acjp.

ceptibility of these isolates was reassessed by the National
Committee for Clinical Laboratory Standards broth microdi-
lution method with cation-adjusted Mueller-Hinton broth
(Difco, Detroit, Mich.}. The isolates were screened for the
presence of metallo-B-lactamase by a double-disk synergy test
reported by Arakawa et al. (2). Integron analysis was per-
formed by PCR mapping (5'-conserved segment intl to 3'-
conserved segment gacEAT) of the typical antibiotic resistance
genes and integron with specific primer sets (Table 1), The
specificity of the primer sets for blap.,-like and bla 5, o-like
gene was confirmed with positive-control strains producing
IMP-1 or VIM-2 metallo-B-lactamase. The specificity of am-
plicons obtained by specific primer sets (aacA44, aadAl, aadA2,
and blasy, ) Was also partially verified with the automatic
sequencer ABI Prism 310 genetic analyzer (Applied Biosys-
tems/Perkin-Elmer Biosystems). PCR with Ex Taq polymerase
(Takara Bio, Inc., Tokyo, Japan) were carried out by standard
methodology (13). pulsed-field gel electrophoresis analysis was
performed by a modified method of the standard protocol (6).
The restriction enzyme used was Spel (15). By use of the
dendrogram, isclates with a genetic relatedness of >80% were

100%

3
O A L

0% - : i e > -
Ceftazidime . Inmipenem - Meropenem. Amikach: Levofloxacin

B . resistaince; [, imermiediate; B, suscepiible.

FIG. 1, Antimicrobial susceptibilities of imipenem-nonsusceptible
P. aeruginosa isolates.
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TABLE 1. Nucleotide sequences of PCR primers used in this study
Gene? Primer sequence (5' 10 3°) T, (°C) Reference
intA(S) ATC ATC GYC GTA GAG ACGTCG G 67.4 11
intB(AS) GTC AAG GTT CTG GAC CAG TTG C 65.9 11
blappa(3) CTA CCG CAG CAG AGT CIT TG 62.7 This study
blagpp.1(AS) AAC CAG TFT TGC CTT ACC AT 59.9 This study
vin-z(S AAA GTT ATG CCG CAC TCA CC 63.9 This study
blay2(AS) TGC AAC TTC ATG TTA TGC CG 645 This study
aacA4(8) GAC CTT GCG ATG CTC TAT GAG TGG CTA AAT 73.0 This study
aacA4(AS) TTC GCT CGA ATG CCT GGC GTG TT 76.9 This study
audAI(S) TGA TCG CCG AAG TAT CGA CTC 66.3 This study
aadAI{AS) CCT TGG TGA TCT CGC CTT TC . 65.8 This study
aadA2(8) TTC GAA CCA ACT ATC AGA GGT GCT AA 67.4 This study
aadA2(AS) AAA GCG AAT AAA TTC TTC CAA GTG ATCT 66.4 This study
bl asaz(S) CAA TCC GAA TCT TCG CGA TACTT 66.9 This study
blagya.2(AS) AAG TAT CGC GAA GAT TCG GAT TG - 66.9 This study
gacEAl CTC TCT AGA TTT TAA TGC GGA TG 626 This study

4 (8), sense; (AS), antisense.

considered to represent the same pulsed-field gel electro-
phoresis type (4).

Eighty-eight (15%) of 594 isolates were not susceptible
(MIC = 8 mg/mi) to imipenem. Among 88 isolates, 88 (100%),
21 (24%), 41 (47%), 12 (14%), and 42 (48%) were not sus-
ceptible to imipenem, ceftazidime, meropenem, amikacin, and
levofloxacin, respectively (Fig. 1). Screening of metallo-B-lac-
tamase producers was carried out for these isolates by the
double-disk synergy test. Eleven (1.9%) of 594 isolates were
found to produce metallo-B-lactamase. Ten of these isolates
were IMP-1-like, and the other was a VIM-2-like metallo-B-
lactamase producer.

The type of metallo-B-lactamase gene was also confirmed by
PCR. The genetic relatedness of these isolates was also eval-
vated by pulsed-field gel electrophoresis as described above
(Fig. 2, Table 2). Strains TUM1683, TUM1708, TUM1709,
TUM1710, and TUM1732 had related electrophoresis chro-
mosomal DNA banding patterns, whereas other straing
{TUM1672, TUM1673, TUMI1682, TUM1721, TUMI1733,

and TUM1757) showed different banding patterns, Strain
TUMI708, TUM1709, and TUM1710 were isolated from same
hospital, suggesting nosocomial spread. Interestingly, although
strains TUMI1683, TUM1708 (or TUM1709 and TUM1710),
and TUM1732 has been isolated in different hospitals, Ka-
wasaki, Saitama, and Nara, respectively, these isolates had
related patterns. Since the distance from Okayama to Saitama
and from Saitama to Nara is about 800 and 400 km, respec-
tively, the results observed suggested clonal spread of metallo-
p-lactamase-producing strains.

Several researchers have reported an incidence of metallo-
B-lactamase-producing P. aeruginosa of between 0.4 and 1.3%
in Japan from 1992 to 2002 (5, 7, 14, 16). In this study, we iso-
lated 1.9% metallo-p-lactamase-producing P. aeruginosa strains
from geographically diverse regions in Japan. We suggest that
the incidence of metallo-B-lactamase-possessing P. geruginosa
has not increased during the past decade. However, the same
clone of metallo-B-lactamase-carrying P. aeruginosa has now
spread throughout Japan.

+¥ TUMLTST

- TUM1683
TUM1709
TUM1708
TUM1732
TUM1710
TUM1682
TUM1721
- TUMI1733
- TUMI673
- TUM1672

FIG. 2. Pulsed-field gel electrophoresis profiles chtained with Spel chromosomal digestion of metallo-B-lactamase-carrying P. aeruginosa. The
second through sixth lanes contained related strains TUM1683, TUM1709, TUM1708, TUML732, and TUM1710, respectively. Lanes first and
seventh to eleventh lanes contained unrelated sirains TUM1757, TUM1682, TUM1721, TUM1733, TUM1673, and TUM1672, respectively.
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TABLE 2. Characteristics of blay,p-containing non-imipenem-susceptible P. aeruginosa isolates
. MIC (ug/ml)®
Strain TOSPHAL e L TYPEOE g Integron (bl
1o, enzyme SIS CA7. IPM MEM  LVX AZT AMK NET  GEN KAN ABK
TUM1672 1 Urine VIM-2-like A I 64 >128 =128 16 32 0.06 0.5 0.5 g 006
TUMI673 1 Sputem  IMP-1-kke B 11 >328 8 32 16 8 o4 >128 4 =128 16
TUM1682 2 Sputum  IMP-1-like C HI =128 64 >128 32 32 32 >128 2 =128 2
TUM1683 2 Sputum  IMP-1-like D v >128 64 =128 32 64 16 >128 2 >i28 2
TUM1708 3 Urine IMP-1-like D W =128 64 >128 3z 32 32 >128 4 >128 4
TUM1709 3 Urine IMP-1-like D v =128 64 >128 32 32 32 >128 4 >i28 2
TUM1710 3 Urine IMP-1-like D v >128 6 128 32 64 32 >128 2 >128 4
TUM1721 4 Urine IMP-1-like B v =128 64 >128 32 32 32 =128 >128 >128 64
TUM1732 5 Urine IMP-1-fike D v >128 64 >128 32 128 32 >128 4 =128 2
TUM1733 5 Pus IMP-1.tike F Vi =128 64 >128 64 32 -2 >128 >128 >128 1
TUMI1757 [ Sputum  IMP-1-like G vII =328 64 >f8 16 15 32 >128 I >128 16

© 9 CAZ, ceftazidime; IPM, imipenem; MEM, meropenem; LVX, levofloxacin; AZT, aztreonam; AMK, amikacin; NET, netilmicin; GEN, gentamicin; KAN, kana-

mycin; ABK, arbekacin.

® PEGE profiles obtained with Spel chromosomal digestion of P. geruginoss carrying a metallo-p-lactamase gene as recommended by Tenover et al. (15).
¢ Integron siructures possessed by each gene as mentioned in the text. I, layyy -like, ascA4 and aadA2; 11, blayp._,-like, aadA T and orfG;, 11, blayyyp.y-like, gadAl
and unknown gene; [V, blagp.q-like, sadAl and unknown gene; V, blapgp.-like, aacd4, aaddl and blagya.o; V1, blaype -like, aacA4; VII, only blape ,-like gene.

‘It has been reported that genetic analysis of blagp., re-
‘vealed features typical of an integron-located gene (9). The
detection of a type 1 integron was confirmed in 11 strains. In
these strains, blagyp ,-like of blayy-like genes were located
immediately downstream of the Intl1 integrase gene. However,
these isolates possessed a variety of gene cassettes, such as the
ancA4 aminoglycoside 6'-N-acetyltransferase gene and aadA ]
and gadA2 aminoglycoside adenyliransferase genes between
the metallo-B-lactamase gene and gacAEI Therefore, these
isolates are likely resistant not only to -lactams but alse to
aminoglycosides, Interestingly, strain TUM1721 possessed not
only the blayp,-like genes aacd4 and aadAl but also an
OXA-type p-lactamase gene on the integron gene cassette.

Little is known about optimal chemotherapy for infection
due to metallo-B-lactamase-producing P. aeruginosa. To detail
the antibiotic susceptibility of P. zeruginosa possessing a me-
tallo--lactamase, the MICs of several antibiotics were evalu-
ated (Table 2). All of the isolates were resistant to ceftazidime,
meropenem, and levofloxacin. Ten of the 11 were resistant to
imipenem and netilmicin, nine were resistant to aztreonam,
and eight were not susceptible to amikacin. Bellais et al. re-
ported that chemotherapy with high aztreonam doses effec-
tively reduced viable cells of a metallo-B-lactamase-producing
strain of P. aeruginose in a rat pneumonia model (3). In gen-
eral, although metallo-8-lactamases do not hydrolyze aztreo-
nam, 9 of 11 isolates were resistant to aztreonam in this study
{MIC = 32 pg/ml). On the other hand, arbekacin was found to
suppress the growth of some isolates in this study. In Japan,
arbekacin, which has fewer side effects than vancomycin, has
been used against methicillin-resistant Staphylococcus aureus
(8). Recently, arbekacin-resistant P. aeruginosa possessing the
1658 TRNA methylase gene rmid was isolated in Japan (17).
However, the incidence of these isolates is still low (0.8%, 9 of
1,113 clinical isolates). Therefore, arbekacin could be used as
treatment against metallo-B-lactamase-possessing P. eeruginosa.

In conclusion, this study indicates that although the preva-
lence of metalio-B-lactamase-~producing P. aeryginosa has not
increased, this pathogen has spread from a single source to a
wide geographic area of Japan. Further surveillance and mon-
itoring of multidrug-resistant P. geruginosz should be a high

priority.
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Antimicrobial susceptibility testing of vancomycin-
resistant Enterococcus by the VITEK 2 system, and
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We evaluated the automated VITEK 2 system (bioMérieux) for antimicrobial susceptibility testing of
vancomycin-resistant Enferococcus (VRE). The results obtained with the VITEK 2 system were
compared to those obtained using two NCCLS reference methods. The VITEK 2 system produced
MICs for penicillin G, erythromycin and vancomycin that were very similar to those of the reference
agar-dilution test with all results being within a twofold dilution. When MICs of teicoplanin for these
isolates were measured by the agar-dilution method and VITEK 2 system, there was one 'very major’
error and seven ‘minor’ errors. There were no 'major’ errors for any of the antibiotics tested. When the
results obtained by the micro broth-dilution method were compared with those obtained by the
VITEK 2 system, there was one ‘very major’ etror for teicoplanin by the VITEK 2 system, as was the
case with the agar-dilution method. There were two ‘minor’ errors for erythromycin and seven ‘minor’
errors for teicoplanin. There were no ‘major’ errors for any of the antibiotics tested. The 35 VRE
strains identified phenotypically by the VITEK 2 Advanced Expert System included nine of
Enterococcus faecalis and 23 of Enterococcus faecium. Neither Enterococcus avium nor
Enterococcus hirae were identified. A total of 32 phenotypes were classified into 22 VanA and 10
VanB strains. PCR genotyping demonstrated 23 vanA™ and nine vanB* strains. There were
differences between the VITEK 2 system results and those of PCR. Overall, 54-3 % of the test results
were obtained within 7 h. Al MIC vaiues for the 35 VRE isolates were determined within 13 'h of
compileting incubation. The VITEK 2 system is a simple method for accurately detecting vancomycin-
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resistant straing of Enterocaccus and can be used to rapidiy determine MICs.

INTRODUCTION

Vancomycin-resistant Enterococcus (VRE) has increasingly
been implicated as a causative pathogen in nosocomial
infections {CDC, 1993; Murray, 1995; Tokars et al, 1999).
Vancomycin-resistant strains of Enterococcus are generally

resistant not only to vancomycin but also to various types of

commercially available antibiotics, and can cause severe
infections in compromised hosts (French, 1998). Rapid
identification of the infectious bacterial strain and its
susceptibility to antibiotics are necessary from both the
clinical and the economic viewpoint.

The VITEK 2 system is a recently developed automated
method for rapid bacterial identification and antimicrobial
susceptibility testing. The usefulness of the VITEK 2 system
for identifying Enterococcus species has already been reported

Abbreviation: VRE, vancomycin-resistant Enterococaus.

(van den Braak et al., 2001; Garcia-Garrote et al., 2000).
However, different genotypes {vanA, vanB) were found to
encode either high, intermediate or low levels of resistance
glycopeptides, mainly in Enterococcus faecium and Entero-
caccus faecalis (Perichon et al, 1997; Fines et al., 1999). The
difficulties encountered by several automated susceptibility
tests in accurately detecting bacterial resistance to vanco-
mycin have also been described (van den Braak et al., 2001;
Sahm & Olsen, 1990).

The present study was designed to evaluate the ability of the
VITEK 2 system fo determine VRE susceptibility.

METHODS

Test strains. Thirty-five isolates of VRE species, including nine
Enteracoccus faecalis, 23 Enterococcus faecium, two Enterococcus avium
and one Enterococcus hirae, obtained from clinical specimens (urine,
faeces and blood) of patients with infections in several Japanese
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hospitals were identified by the VITEK 2 system between March 1599
and September 2000.

Antimicrobial agents. The antimicrobial agents used in the reference
micro broth-dilution panels and agar-dilution method were penicillin
G, erythromycin, vancomycin and teicoplanin. All antibiotics were
purchased from Sigma except for teicoplanin which was supplied by a
pharmaceutical company (Aventis Pharma) as a standard powder with a
known potency.

These antimicrobial agents were selected on the basis of antimicrobial
agents which can be measured by the VITEK 2 system card according to
NCCLS guideline M7-A5 (NCCLS, 2000a}.

VITEK 2 system susceptibility tests. Antimicrobial susceptibitities of
the test organisms were determined using the VITEK 2 system (software
version 1.02) (bioMérieux} according to the manufacturer’s recom-
mendations.

The test organisims from celonies grown on Trypticase Soy agar (Becton
Dickinson) after 18 h incubation were suspended in sterilized physio-
logical saline to 0-5 McFarland standards. The bacterial suspension was
used to fill the Antimicrobial Susceptibility Testing P516 card, which
was then inserted into the incubator-reader of the VITEK 2 system.

Reference susceptibility tests. Susceptibility tests were also per-

formed using two reference methods: the micro broth-dilution and

agar-dilution with Mueller—Hinton broth and agar. These tests were

performed according to NCCLS M7-AS5 guidelines (NCCLS, 2000a) and

M100-510 guidelines (NCCLS, 2000b), respectively. The MICs were
" interpreted using the recommended NCCLS thresholds.

Discrepant MIC values. The interpretive category errors were esti-
mated for each drug based on the following definitions: ‘very major’
error, susceptible by the VITEK 2 system but resistant by the agar and/or
broth reference method; ‘major” error, resistant by the VITEK 2 system
but susceptible by the agar and/or broth reference method; ‘minor’
error, intermediately resistant by either the VITEK 2 system or the agar
and/or broth reference method and either susceptible or resistant by the
other method.

Amplification of vanA and vanB genes by PCR. PCR was used to
detect vanA and vanB genes as previously described by Clark ¢t al.
{1993). The control organisms used for PCR were E. faecalis ATCC
51299 (vanB-positive}, E. faecium C.L (clinical isolate; vanA-positive)
and E. faecalis ATCC 29212 (negative control).

RESULTS AND DISCUSSION

The MICs of the four antibiotics for 35 vancomycin-resistant
isolates of Enterococcus were determined using the VITEK 2
system and the two reference methods (Table 1).

The MiCs of penicillin G for these isolates were measured by
the VITEK 2 system, micro broth-dilution or agar-dilution,
allowing comparisons of the results obtained by these three
methods. The MICs of penicillin G by the three methods
were =16 pigml™! (resistant region} for 28 strains and
=8 pg ml~! (susceptible region) for seven strains. The results
obtained by the three methods were the same for all strains.
The majority of MICs for erythromycin in the resistance
region (MIC =8 ugml™") determined using the VITEK 2
system were the same as those determined by the reference
methods. All 35 VRE were clearly demonstrated to be

Table 1. Comparison of MICs for 35 VRE isolates determined using the VITEK 2 system and two reference methods

Method

No. isolates with the following MIC (ugml™!)
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resistant to vancomycin using the three methods, and no
differences were observed between the VITEK 2 system and
the reference method in MIC distribution patterns.

Teicoplanin MICs in the resistance region (MIC
=32 ugml™') were demonstrated in 24 of the 35 strains
using the reference methods, whereas 18 strains were
determined to be resistant to teicoplanin using the VITEK
2 system. Purthermore, one and six of the 35 strains were
intermediately resistant when MICs were determined using
the reference methods and the VITEK 2 system, respectively.
The teicoplanin MICs for the other 11 strains (314 % of the
35 strains) were 0-5—-1 ugml™!, in the susceptibility region
when determined by the VITEK 2 system, but these MICs
showed a broad distribution between concentrations of 03
and 4 pg ml~! when determined by the micro broth-dilution
method and between 0-25 and 8 pgml~! when determined
by the agar-dilution method. Although MICs obtained by the
VITEK 2 system and the two reference methods generally
agreed, the prevalences of “very majot’, ‘major’ and ‘minor’
errors in the MICs obtained by the VITEK 2 system were
determined (Table 2). With the agar-dilution method there
was one ‘very major’ error and seven ‘minor’ errors for
teicoplanin while there were no major errors with the VITEK
2 system. There were no errors for any of the other anti-
biotics.

When the MICs obtained by the micro broth-dilution
method were compared with those obtained by the VITEK
2 system, there was one ‘very major’ error with the VITEK 2
system for teicoplanin, as was the case for the agar-dilution
method, but there were no ‘major’ errors. However, there
were seven ‘minoy’ errors for teicoplanin and two *minor’
errors for erythromycin.

The vanA- and vanB-mediated resistance of the 35 vanco-
mycin-resistant isolates of Enterococcus was analysed accord-
ing to the method of Clark et al. (1993) after PCR
amplification; the results obtained were then compared with
the phenotypes of the isolates determined by the VITEK 2
system. The strain determined to be neither vanA* mnor
vanB* by both methods was an E. hirae, and two E. avium
strains could not be identified by the VITEK 2 systern alone,
Thirty-two strains were identifiable by both methods, Of
these, the strains identified by VITEK 2 system phenotyping
included 22 VanA and 10 VanB, while PCR genotyping

identified 23 vanA* and nine vanB" strains. The MIC of
teicoplanin against the E. faecium strain (no. 14). was
1 pgml™" by the VITEK 2 system and the phenotype of this
strain was determined to be VanB. The MICs of teicoplanin
against this strain were 32 pgml™' by the agar- and broth-
dilution methods. PCR showed the genotype of this strain to
be vanA*,

The times required to obtain the final MICs of vancdmycin
for the 35 vancomycin-resistant isolates of Euterococcus are
shown in Table 3. Overall, 54-3 % of the test results were
obtained within 7 h. MIC values for all 35 isolates were
determined within 13 h of incubation.

VITEK 2 systems have recently been adopted by many
microbiological laboratories for rapid identification and
the determination of antimicrobial susceptibilities of various
types of pathogens, including VRE (van. den Braak et al,
2001; Funke et al., 1998; Garcia-Garrote et al., 2000). The
prevalence of VRE infections in compromised hosts has
become a serious problem (fochimsen et al, 1999}, and
treatment options are limited (Saraiva et al, 1997). To
control the transmission of VRE and outbreaks of cross-
infection within hospitals and the community, severa}
technical problems involving laboratory tests must be over-
come. Given the current situation with VRE infections, it is
necessary to confirm the speed and accuracy of the VITEK 2
system in determining MICs for VRE. Furthermore, rapid
detection of resistant phenotypes in VRE isolates from
patients is essential for prompt and - eéffective antibiotic
treatment.

Tabte 3. Times required to obtain the final results of suscept|b|[|ty
testing in 35 VRE isolates using the VITEK 2 system

Time (h) No. isolates {%)*
< 5{14-3)
6-7 . 14 (40-0)
§—9 13 (37:1)
10-11 2 (57)
12-13 1(2-9)

*Number and percentage of isolates whose testing results were available
at the indicated times of incubation.

Table 2. Interpretive category errors of the VITEK 2 system in susceptibility testing of 35 VRE isolates compared

to that of the reference methods

Antibiotic No. errors/agar-dilution No. errors/broth-dilution

“Very major’ ‘Major’ ‘Minor® ‘Very major’ = ‘Major’ ‘Minor’
Penicillin G 0 0 No criteria 0 ] No criteria
Erythromycin 0 ] 0 0 ] 2
Vancomycin 0 0 0 0 0 0
Teicoplanin 1 0 7 1 Kl 7
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We evaluated the ability of the VITEK 2 system to determine
the antimicrobial susceptibility of recent VRE isolates using
penicillin G, erythromycin, vancomycin and teicoplanin as
test antibiotics. The strains which were determined to be
resistant to penicillin G, erythromycin and vancomycin by
the VITEK 2 system were also resistant according to both
reference methods employed. There were differences be-
tween the MICs of these antibiotics by the VITEK 2 system
and the reference methods, but susceptible strains were not
identified as being resistant and resistant strains were not
indicated to be susceptible. ’

There was one “very major’ error and seven ‘minor’ errors
when the MICs of teicoplanin were calculated using the
VITEK 2 system, as compared with the reference method
results. The failure of VITEK 2 to determine resistance to
teicoplanin has alveady been reported (van den Braak et al.,
2001; Garcia-Garrote et al, 2000). Some vancomycin-
resistant strains of Enrerococcus were phenotypically classi-
fied as VanB by the VITEK 2 system in the study by van den
Braak et al, (2001),

In the present study, there was one ‘very major’ error in the
teicoplanin MIC for one strain (VRE no. 14), i.e. the MIC was
1 pgml~! using the VITEK 2 system but 32 ugml~! by the
two reference methods. This error was considered to be the
same as that reported by van den Braak et al, (2001).
However, the VITEK 2 system detected VRE accurately and
distinguished them from the 11 teicoplanin-susceptible
strains; the VITEK 2 system results corresponded well with
those obtained using the two reference methods.

The VITEK 2 system is easy to use and provides accurate
results in detecting resistance of Enterococcus species to
penicillin G, erythromycin and glycopeptides; this system
can also be used to determine the antimicrobial susceptibility
of Enterococcus including vancomycin-resistant isolates. One
of the major advantages of the VITEK 2 system is the
significant reduction in handling time as compared with
conventional test procedures.

A 24 hincubation period is needed to determine the MICs of
vancomycin or teicoplanin for VRE by either the micro
broth-dilution or the agar-dilution method according to
NCCLS guidelines {2000b). However, the MICs of these
antibiotics for 35 VRE isolates were determined within 13 h
by the VITEK 2 system, with the phenotypes of all 35 isolates
being simultaneously determined during this period. The
VITEK 2 system promises to expedite work in clinical

microbiological laboratories. Furthermore, the VITEK 2
system may play an important role in the investigation of
nosocomial YRE infections.
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Summary

Design: A six-centre study in Japan during the winter of 1999—2000 assessed the in
vitro activity of >20 antimicrobial agents against the common respiratory pathogens
Streptococcus pneumonige, Streptococcus pyogenes, Haemophilus influenzae, and
Moraxella catarrhalis. The minimum inhibitory concentrations (MIC) of each anti-
microbial was determined against these isolates using National Committee for Clinical
Laboratory Standards (NCCLS) methodology. o
Results: Among S. pneumoniae isolates, 44.5% were penicillin resistant. The macro-
lide resistance rate was 77.9% with 90.5% of penicillin-resistant strains also being
macrolide resistant. Resistance mechanisms in macrolide-resistant isolates were
identified as mef(A) or erm(B) in 42.5% and 52.5%, respectively. Of the fluoroquino-
lone-resistant isolates {1.3%), most were also penicillin and macrolide resistant. All
strains were inhibited by telithromycin at <1 mg/L. Among S. pyagenes isolates,
erythromycin resistance was 17.5% overall but showed considerable variation among
" the six centres. For H. influenzae, 8.5% produced p-lactamase and a single
p-lactamase-negative, ampicillin-resistant isolate (0.36%) was obtained, and there
was no fluoroquinolone resistance. All isolates.were susceptible to telithromycin.

* Corresponding authgr. Tel.: +81 42 778 9355; fax: +81 42 778 9350,
E-mail address: matsu@kitasato-u.ac.jp (M. Inoue).

1201-9712/530.00 © 2004 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/].ijid.2004.03.008
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Most antimicrobials showed good actmty agalr;sf-‘?w catarrhatrs, although 96.7% were

- B-lactamase positive.

Conclusion: The prevalence of antlmlcrobtal resistance to macrolides, peniciltin and
the fluorequinolones among the common- respiratory pathogens is high in Japan.
© 2004 international Society for Infectious D1seases Publtshed by Elsevier Ltd. All

rights reserved.

Introduction

The prevalence of resistant isolates of common
bacterial respiratory tract pathogens is increasing,
and nowhere more so than in Asia. In some Asian
countries, penicillin resistance may be as high as
70%.773 tn the last decade, macrolide resistance has
also increased dramatically, exceeding penicillin
resistance in some areas,? and growing resistance
to chloramphenicol, co-trimoxazole and tetracy-
cline continues relentlessty.*

Most respiratory tract infections are viral in origin
but are frequently followed by secondary infections
resulting from opportunistic invasion by commensal
respiratory bacteria. The four mast important bac-
terial pathogens associated with community-
acquired upper and lower respiratory tract infec-
tions (RTIs — acute/chronic sinusitis, acute/chronic
otitis media, acute/chronic pharyngitis, commu-
nity-acquired pneumonia, acute bacterial exacer-
-bation of chronic bronchitis and acute bacterial
exacerbation of chronic obstructive airways dis-
ease) are Streptococcus pneumoniae, Streptococcus
pyogenes, Haemophilus influenzae, and Moraxella
catarrhalis. Less commonly, atypical and intracel-
lular pathogens inctuding Legionella pneumophila,
Mycoplasma pneumoniae, and Chlamydophila
{Chlamydia) pneumonige are also found as causes
of community-acquired RTls.>7

S. pneumoniae in particular has acquired resis-
tance to several classes of antimicrobial com-
pounds, including penicillins, macrolides and
fluoroquinolones, by a variety of. mechanisms.®
For Haemaphilus species and M. catarrhalis, p-tac-
tamase production is the principal mechanism of
resistance to penicillins and cephalosporins. The
choice of antimicrobial therapy in community-
acquired RTis is generally empirical and compli-
cated by increasing bacterial resistance. Effective
strategies for ensuring adequate antimicrobial ther-
apy are therefore necessary but may only be
achieved through an understanding of the geo-

graphic variation in resistance and by monitoring -

trends in resistance development.

Established in 1999, PROTEKT ({Prospective
Resistant Organism Tracking and Epidemiology for
the Ketolide Telithromycin) is an international
surveillance study to chart the prevalence of
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important resistance phenotypes and examine the
susceptibility of community-acquired RTi pathogens
to a range of antimicrobial compounds. Telithromy-
cin is the first ketolide antibacterial to be approved
for clinical use for the treatment of upper and lower
RTls. With over 35 countries and 500 centres now
participating, PROTEKT is able to concentrate on
defining trends in specific regions and countries.
Detailed data from the examination of isolates
of S. pneumoniae, H. influenzae, M. catarrhalis
and S. pyogenes collected during the 19992000
winter season in Japan are now presented and,
where possible, related to trends seen in previous
studies,??1°

Materials and methods
Participating centres

During the 1999-2000 winter season, six centres
took part in the study: Kanagawa, Sendai, Tokyo
(two centres}, Nagasaki and Osaka.

Bacterial isclates

Centres were asked to collect the following isolates
from patients with community-acquired upper and
lower RTls: >40 isolates each of 5. pneumoniae
and H. influenzae, >25 of S. pyogenes, and >20
of M. catarrhalis. Sources for isolates were cultures
from blood, sputum, bronchoalveolar lavage, mid-
dle ear fluid, nasopharyngeal swab or aspirate, and
sinus aspirate. Duplicate strains or strains originat-
ing from previous collections were not accepted.

Identification and antimicrobial
susceptibility testing

isolates were identified at source-and re-identified
at the central laboratory by methods previously
described in detail:'" Minimum inhibitory concen-
trations (MICs) were determined usmg previously
described broth micradilution methods, ' according
to the National Committee for Clinical Laboratory
Standards (NCCLS) of the USA guidelines, for the
following antimicrobial agents:.amoxicillin—clavu-
lanate, cefaclor, cefcapene, cefdinir, cefditoren,
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cefixime, cefpodoxime, cefuroxime, telithromycin,
erythromycin, roxithromycin, clarithromycin, azi-

thromycin, rokitamycin, minocycline, tetracycline,

ciprofloxacin, levofloxacin, sparfloxacin and tosu-

floxacin., MICs were also determined for penicillin.

and clindamycin against S. pneumoniae and §. pyo-

genes isolates and for ampicillin and amoxicillin

against H. influenzae and M. catarrhalis isolates.
Test results were acceptable only if the MICs for
the control strains were within performance range.

The following control strains were used: S. aureus

ATCC 29213, E. coli ATCC 25922 and ATCC 35218,
H. influenzae ATCC 49766, H. influenzae ATCC
49247, and S. pneumoniae ATCC 49619.
Breakpoint concentrations used to interpret MIC
data gualitatively were based upon those published
by the NCCLS of the USA,"* where available. For
telithromycin, NCCLS approved (SAST 2003) break-
_points were applied: S. pneumoniae: susceptible
<tmg/L, intermediate 2 mg/L, resistant >4 mg/
L; and for H. influenzae: susceptible <4mg/L,
intermediate 8 mg/L, resistant >1émg/L. No
NCCLS breakpoints are available for S. pyogenes
or M. catarrhalis.

p-lactamase detection

B-lactamase activity was detected using the chro-
mogenic cephalosporin (nitrocefin) test (Unipath
Ltd. Basingstoke, UK).

Macrolide resistance mechanism detection

For §. pneumonige, the presence of resistance
mechanisms for both MLSg (erm) and M-resistance
(mef) was analysed using a rapid-cycle multiplex
PCR method with probe detection. This method
detects erm(A), erm(A) subclass erm(TR), erm(B},
erm(C}, ‘and mef(A) genes."

Results
Streptococcus pneumoniae

A total of 308 S. pneumoniae isolates from the six
participating ¢entres were tested. The prevalence
of penicillin resistance (MIC >2 mg/L) was 44.5%
overall and ranged narrowly between 44.2% and
48.4% for five of the six centres, with.Osaka lower
at 36.4%, Penicillin-intermediate (MIC 0.12—1 mg/
L) isolates (19.8% overall) were less evenly distrib-
‘uted, with centres reporting between 7.7% (Kana-
gawa) and 31.6% (Sendai) (Table 1). The prevalence
of macrolide resistance (erythromycin MIC >1 mg/
L) was 77.9%, far exceeding that of penicillin resis-
tance, and ranged from 67.3% (Kanagawa) to 86.4%
(Osaka) (Table 1). Only one strain was of the inter-
mediate type (erythromycin MIC 0.5 mg/L). Almost
half of all S. pneumoniae isolates (40.3%) were co-
resistant to penicillin and erythromycm {macrolide)
(Table 1).

Of the 239 macrolide-resistant isolates of §.
pneumoniage analysed for their resistance mechan-
ism, . 52.7% carried erm(B) {MLSg resistance) and
42.7% carried mef(A) (efflux resistance), with
3.3% (n=8) of isolates carrying both mechanisms
(mef(A)+erm(B)) (Table 2). ermB isolates were
evenly distributed across the three penicillin resis-
tance phenotypes, whereas mef(A} resistance was
associated predominantly with penicillin-resistant
(70.6%) rather than pemcrllm susceptlble (16.7%)
isolates.

Among the B-lactams, the most active were cef-
ditoren (MICgp 1 mg/L, 98.4% of all isolates suscep-
tible) and amoxicillin—clavulanate (MICqq 2 mg/L,
96.4% of all isolates susceptible). Both retained
>90% activity among the penicillin- and macro-

“Totat” . R SR et

G 4-1_--' '_.1'6_' 364
Lrte '

% 34 3

445

3 Pemcilhn mtennedrate‘ MIC 0. 12—~1 mg/L
® Peniciilin-resistant::MIC 3 2 mg/L.
¢ Erythromycin- reswtant MIC 3 1 mglL
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Table 2 Effect of specific macrolide-resistance mutations for 239 macrolid®
pneumontiae from Japan and classified by penicillin susceptibility phenotype;

ssistant isolates of Streptacoccus

Genotype MAC-R® MIC range (mg/L)  PEN-S". COPENAE - PENRY
| n % n_ % - n % .o %
“mef(a) 102 4.7 4—>128 A7 167 3 - w27 T 706
erm(b) .- 126 52.7 32->128 44 34.9 34 - 270 48 - 3B.1
mef(a) + erm(b) 8 3.3 64—>128 2 2 2 25 . 4. - 50 .
None specified 3 1.3 - 64—->128 3 100 0 0 0 0
a Macrolide-resmtant (erythromycin, MIC >1 me/ L) o o o ) '
© ® Peniciltin-susceptible: MIC <0.06 mg/L.
< penicillin-ntermediate: MIC 0,121 mg/L.
lide-resistant isolates (Table 3). With the exception Erythromycin,  roxithromycin,  azithromycin

of telithromycin and the fluoroquinotones, suscept-
ibility to non-g-lactams was tow (Table 3). Among
the penicillin-resistant isolates, <10% were suscep-

tible to macrolides and tetracycline.

and clarithromycin gave typical trimodal MIC dis-
tributions with clusters of isolates inhibited by
0.06-0.12 mg/L, 2—4mg/L and >32—>64 mg/L
(Figure 1). Small numbers of isolates were inhibited

“Table 3 Comparatwe in vitro actwlty and percentage susceptibility of various anttmxcrobxals against penicillin-
intermediate, penicillin-resistant and erythromycm -resistant isolates of Streptococcus pneumoniae from. Japan usmg ,

NCCLS (2002) interpretative breakpomts

Ant:m1crob1al .. All isolates (n = 308) PEN-I? {(n=61) PEN-RD_ (n=137) MAC-R® (n= 24.0)-
MICso  MICop- %57 MICso . MICeo %59 ‘MICso - MiCgp . %5% MICso MGy %S
‘ (mg/L} . (mg/L) . {mefl)  (meg/L) - (mg/L)  {meg/L) Amg/L) (mg/L) oo
Penicillin 0.5 4 -35.7 0.25 1 0 2 4 o 2 4 '-'27.9‘_-
Amoxicillin— 0.5 2 96.4 0.25 0.5 100 2 2. 92.0 0.5 2 . 9.8
.- clavilanate®-- -~ - T R : T SR S
Cefaclor 16 >64 208 16 64 - 82 . 64 >64 . 0 2 -4 11.3
. Cefcapene 2 .. 4., NA 2 4 NA 4. 4 NA 2 - 4. NA
Cefdinic , -, 4 . 8 445 2 4 410 8 8 22 4 8 358
Cefditoren: . .05 . 1..984 05 1 9.7 1 1 _978__ 05 1. 979
Cefiime. = 16 32 . - 16 64 — 32 e4 - 32 64
‘Cefpodoxime "2 ~ 4 - 403 "2 4 361 2 T4 0 2. 4 321
Cefuroxime 4 8 4.2 4 8 377 B 8 .0 4 8 333
Telithromycin 0.06 0. 25 1008 0.06 0.5 10608 0.06 0.12 100° 0.06 0. 25 1002
Erythromycin .- 8 >64 21.8 - 64 >64 19.7 - 4 >64 9.5 64 >6d4 0
Roxithromycin .- 8 = >32 -~ NA >32 >32 NA 8 >32  NA 64 - 64 NA
Clarithromycin. 4 >32 221 32 >3 19.7 4 >3 95 32 3.0
Azithromycin. .8  .»64. 21.8 64 >64  -18.0 + 8 >64 95 64 - >64. 0
" Rokitamycin . 0.2 >32 - NA 1 >32 NA 012 332 .- NA 1 . 64 . NA
Clindamycin -~ 0.12 >4 549 4 >4 41.0 012 >4 620 - 4. >4 424
CMiroeyeline . - 8 - 16 NA 16 16 NA B 16 | NA 16 16 NA
Tetracycline  »16. . >16. 20.8 16. >16  18.0 >16 >16 . 9.5 >16  >16 - 4.2
Ciprofltoxacin . 1 "~ 2 NA 1 2 NA 1 2 NA 1 2 NA
Levofloxacin 1+ 1 9.4 0.5. 1 100 . 1 1, 971 1. 1. 96.3
SparfloXacin 025 0.5 961 .0.25 0.25 100 .0.25  .0.25-96.4 025 0.5 95.8
Tosufloxacin 012~ 0.12 KA 0.06 0.12 NA 0.06 012 NA

NA 012

2 penicillin-intermediate: MIC 0.12—1 mg/L.

© B peniciltin-resistant: MIC >2 mg/L.
€ Erythromycm -resistant: MIC >1 mg/L.
" @ % of isolates susceptible.
€ Als0 applies to amoxicillin,
f susceptibility predicted from penicillin.

B NCCLS (SAST Jan 2003) approved breakpoint for telithromycin:
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susceptible <1 mg/L; NA = NCCLS b'r'eakp‘oints not a\(ailable.
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MiC dlstnbuuon for macrolide- hncosamide -streptogramin (MLS) class antimicrobials against Streptococcus

Figure 1
pheumoniae from Japan.

by each inter-mode cohcentration of each antimi-

crobial. Rokitamycin and clindamycin showed two
obvious clusters in their MIC distributions, with just
- under half the isolates inhibited within the lowest
concentration cluster. This was reflected in the
MICsq (0.12 mg/L) for rokitamycin and clindamycin,
which differed considerably from the four macro-
lides with typical trimodal MIC dlstrrbutrons {(MiCsg
4—8 mg/L).

Telithromycin showed much lower mode MIC
(0.06 mg/L) and MICqg (0.25 mg/L) than the macro-
lides {Figure 1}. Among the macrolide-resistant iso-
lates, the telithromycin MICg, value was markedty
higher for the erm(B) genotype (0.5 mg/L) than the
mef{A) genotype (0.12mg/L}). Despite a shift
upwards in the distribution of telithromycin MIC
values among the macrolide-resistant isolates (par-
ticularly among the eight erm(B)+mef(A} strains
(Figure 2)) compared with macrolide-susceptible
isolates (telithromycin MICse 0.015 mg/L), all iso-
lates were susceptible to telithromycin at <1 mg/L,

Flugroquinolone resistance (levofloxacin MIC
>8Bmg/L) was 1.3% overall, with little variation
among centres, Of the four fluoroguinolone-resis-
tant isolates, three were penicillin-resistant and
one was penicillin-susceptible. All four flueroquino-
lone-resistant isolates were also macrolide- and

" tetracycline-resistant. Susceptibility to telithromy-
cin was unaffected by fluorogquinolone resistance,
Overall, of those antibacterial agents tested, the
most active against 5. pneumoniae in the winter

4

8 16 32 64 128

season 1999--2000"in Japan (in terms of potency and
susceptibility percentage) were telithromycin,
sparfloxacin, levofloxacin, cefditoren and amoxicil-
lin—clavulanate.

Streptococcus pyogenes

The most potent antimicrobial against S. pyogenes
isolates was penicillin (MICgo 0.008 mg/L) against
which all 120 isolates were susceptible. Macrolide
resistance showed considerable variation among the
six centres, with the highest prevalence {42.1%) in
Sendai and 0% in Nagasaki (although this centre
collected only three isolates). Overall, 82.5% of
isolates were erythromycin-susceptible. Among

the 21 (17.5%) erythromycin-resistant isolates, the

mechanisms of resistance detected were mef{A) in
15 isolates, erm(A) subclass erm(TR) in five isolates
and erm(B) in one isolate. Telithromycin had made
MIC {0.015mg/L) and MICyg (0.25 mg/L), values
which were 16- to 32-fold lower than those of the
tested macrolides.

Haemophilus influenzae

B-lactamase praduction amongst H. r‘nﬂuehzae iso-
tates (1 = 281) had an overall incidence of 8.5% and
variation among centres of 5.1% to 11.5%. A single
B-lactamase-negative, ampicillin-resistant (MIC
>4 mg/L) strain (BLNAR) was identified (from Sen-
dai}. A further nine p-lactamase-negative isolates,
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