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Of 1,456 strains isolated from 2001 to 2003 demenstrating resistance to either oxyimino-cephalosporin, 317
strains, isolated in 57 of 132 clinical facilities, were found to harbor blacyx  genes by PCR. Fifty-seven, 161,
and 99 strains harbored blac.x.» genes belonging to the Macyx .1y Blacyx a2 a0d blacpy o clusters,

respectively.

In recent years, CTX-M-type B-lactamases have been rec-
ognized as a growing family possessing a high level of hydro-
lyzing activities, especially against cefotaxime (CTX) and
ceftriaxone. Nearly 40 variants of the CTX-M-type enzymes
have been identified (2, 4, 13, 25) and registered to date (htip:
/fwww lahey.org/studies/other.asp#table_1). Further prolifera-
tion of CTX-M-type B-lactamase-producing gram-negative
bacteria has become a great concern (6), since a large number
of nosocomial outbreaks caused by such bacteria have so far
been recognized and reported in various medical facilities in
many countries (1, 3, 5, 7-9, 19, 21).

In Japan, FEC-1 and Toho-1 were initially identified (12, 15)
and were later included in CTX-M-type enzymes, Since then,
various strains that produce a Toho-1-like B-lactamase have
been identified in Japanese clinical settings (26, 28). Almost all
of them, however, were found to be CTX-M-2 by sequence
analyses (N. Shibata, et al. Abstr. 41st Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. C2-2235, 2001). However, the
trends for several CTX-M-type B-lactamases other than CTX-
M-2 have remained unclear. In the present study, we investigated
the molecular types of CTX-M-type B-lactamases produced by
nosocomial gram-negative bacilli isolated in Japanese clinical fa-
cilities using PCR methods.

From January 2001 to December 2003, 1,456 gram-negative
bacterial isolates demonstrating resistance to oxyimino-cepha-
losporins were submitted from 132 hospitals to the reference
laboratory at our institute. These strains were then subjected to
screening for B-lactamases, including TEM- and SHV-derived
extended-spectrum (-lactamases (ESBLs), CTX-M-type B-
lactamases, AmpC- and CMY-type class C cephalosporinases
and cephamycinases, and class B metallo-B-lactamases (MBLs).
The strains were checked for ESBL production by the double-
disk diffusion synergy test recommended. by the CLSI (for-
merly the NCCLS) (18). The MICs of ceftazidime (CAZ) and
CTX for the clinical isolates were determined by the agar

* Corresponding author. Mailing address: Department of Bacterial
Pathogenesis and Infection Control, National Institute of Infectious
Diseases, 4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan.
Phone: 81-42-561-0771, ext. 500. Fax: 81-42-561-7173. E-mail: yarakawa
@nih.go.jp.
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dilution method recommended by the CLSI guidelines. When
a clinical isolate demonstrated resistance to either oxyimino-
cephalosporin, the strain was then subjected to PCR analyses
for detection of blayx.p genes. PCR analysis was performed
by the method reported previously (27). The four sets of PCR
primers used for detection of blax_\ genes in the present
study were as follows: primers CTX-M-1-F (5'-GCT GTT GTT
AGG AAG TGT GC-3') and CTX-M-1-R (5'-CCA TTG CCC
GAG GTG AAG-3'), primers CTX-M-2-F (5'-ACG CTA
CCCCTG CTATTT-3') and CTX-M-2-R (5'-CCT TTC CGC
CTT CTG CTC-3’), primers CTX-M-8-F (5'-CGG ATG ATG
CTA ATG ACA AC-3') and CTX-M-8-R (5'-GTC AGA TTG
CGA AGC GTC-3'), and primers CTX-M-9-F (5'-GCA GAT
AAT ACG CAG GTG-3') and CTX-M-9-R (5'-CGG CGT
GGT GGT GTC TCT-3'). Only one strain was selected from
an individual patient and subjected to the PCR test.

As shown in Table 1, the inhibition patterns by combination
of the double-disk diffusion synergy test for ESBL detection
and the sodium mercaptoacetic acid (SMA) disk test for MBL
detection were classified into four groups. Of 1,456 strains
tested, 59 were resistant only to CAZ and susceptible to cla-
vulanic acid. It was speculated that these strains produce
mainly SHV- or TEM-derived ESBLs, because SHV-12-pro-
ducing strains have been prevalent in Japan (27). On the other
hand, 276 strains showed resistance to CTX but were suscep-
tible to CAZ. The MIC of CTX was significantly decreased in
the presence of clavulanic acid. It was speculated that these
strains chiefly produce CTX-M-type B-lactamases. Five hun-
dred forty-eight isolates demonstrated resistance to both CAZ
and CTX; but the inhibitory effect of clavulanic acid was not
clear in these strains, and the production of MBL was sug-
gested, because the MICs of CAZ and CTX were reduced in
the presence of SMA, which is a specific inhibitor of metallo-
B-lactamase (23). The remaining 573 strains, which demon-
strated resistance to either of the oxyimino-cephalosporins, did
not become susceptible to these agents in the presence of
SMA, suggesting the production of some AmpC-type enzymes,
including plasmid-mediated CMY-type enzymes.

Of 1,397 strains subjected to the PCR analyses, 317 strains
were suggested to harbor bla . ,; genes. Of these strains, 57
appeared to carry genes of the blacrx.ay.; group, including
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TABLE 1. Results of screening by double-disk diffusion synergy tests

Pattern of double-disk diffusion synergy test

) . Resistant to CAZ . ; Resistant to Resistant to either Total no.

Bacterial species and susceptible to Resistant to CTX CAZ and CTX oxyimino-cephalosporin of strains
clavulanic acid anld suls cepubl_ed:o and susceptible and not susceptible tested

(no. of strains) clavuianic ack to SMA”? to SMA

Escherichia coli 33 157/157 7/24 4/4 218
Proteus mirabilis 0 71/71 0/t 0/0 72
Klebsiella preumoniace 15 42/42 7/31 12 . 90
Klebsiella oxytoca 4 5/5 173 0/2 14
Serratia marcescens 7 0/0 0/65 10/77 149
Enterobacter cloacae 0 0/0 2/11 1/20 31
LEnterobacter aerogenes 0 0/0 0/2 1/8 10
Cirrobacter freundii 0 0/0 0/4 2/15 19
Citrobacter koseri 0 0/0 0/0 11 1
Providencia rettgeri 0 11 0/2 0/0 3
Acinetobacter baumannii 0 0/0 1/49 3/40 89
Other bacterial species? ] 0/0 0/356 0/404 760
Total® 59 276/276 18/548" 23/573¢ 1,456

“The data represent the number of blacrx.y-positive strains by PCR/total number of strains demonstrating each inhibition pattern and subjected to PCR.

® Strains that produce metallo-B-lactamase are included.

¢ Strains that produce plasmid-mediated CMY-type cephalosporinase or chromosomal AmpC hyperproducers are included.

4 Pseudomonas spp., Alcaligenes spp., Achromobacter spp., and Burkholderia spp. demonstrating resistance to ceftazidime or cefotaxime were included; but
Stenotrophomonas spp. and Chryseobacterium spp. that produce intrinsic metallo-8-lactamase were excluded.

¢ Out of the total number of strains being subjected to PCR analysis (1,397; represented in columns 2, 3, and 4), 317 were found to be hlacyx.y positive.

blacrx 1 Placrx s and blacry g5, 28 shown in Table 2.
Moreover, 161 strains were suggested to harbor the genes
encoding the CTX-M-2 group of enzymes, such as CTX-M-2,
CTX-M-20, and CTX-M-31. Furthermore, 99 strains appeared
to carry the genes for the CTX-M-9 group of enzymes, such as
CTX-M-9, CTX-M-14, and CTX-M-16. No strain harboring
genes for the CTX-M-8 or the CTX-M-25 group of enzymes
was found among the strains tested.

As shown in Table 3, strains that harbored genes for the CTX-
M-type enzymes were isolated from 57 of 132 hospitals across
Japan, except for the Hokkaido region, throughout the 3-year

TABLE 2. Number of strains that produce CTX-M-type
B-lactamases as detected by PCR

No. of strains by the following

. PCR type:
Bacterial species Total

CTX-M-1 CTX-M-2 CTX-M-9

group” group” group®

Escherichia coli 33 46 89 168
Proteus mirabilis 0 71 0 71
Klebsiella pneumoniae 10 31 9 50
Klebsiella oxytoca 2 3 1 6
Serratia marcescens 9 1 0 10
Enterobacter cloacae 0 3 0 3
Enterobacter acrogenes 1 0 0 1
Citrobacter freundii 2 0 0 2
Citrobacter koseri 0 1 0 1
Providencia rettgeri 0 1 0 1
Acinetobacter baumannit 0 4 0 4
Total 57 161 99 317

“ The PCR primers used can detect genes for CTX-M-1 and several variants,
such as CTX-M-3 and CTX-M-15.

®The PCR primers used can detect genes for CTX-M-2 and several variants,
such as CTX-M-20 and CTX-M-31.

“ The PCR primers used can detect genes for CTX-M-9 and several variants,
such as CTX-M-14 and CTX-M-16.

investigation period. Fourteen and 24 strains that harbored genes
for the CTX-M-1 group of enzymes were identified in 7 and 10
hospitals located in the Kanto and Chubu regions, respectively
(Table 3). However, no strain harboring genes for the CTX-M-1
group of enzymes were found in the Chugoku and Shikoku re-
gions (Table 3). In 22 of 57 hospitals, genes for multiple CTX-
M-type B-lactamases belonging to different groups were identified
during the investigation period (Fig. 1). Interestingly, genes for all
three groups of CTX-M-type enzymes were identified in 7 of 57
hospitals (Fig. 1; Table 3).

After the first description of Toho-1 in Japan in 1995, several
outbreaks caused by CTX-M-type B-lactamase producers have
been reported in there (17, 26, 28). In the present investiga-
tion, it became clear that gram-negative nosocomial bacilli
producing the CTX-M-1, CTX-M-2, or CTX-M-9 group of
enzymes have already been dispersed in various clinical set-
tings in Japan, although strains that produce TEM- or SHV-
derived ESBLs are not predominant to date.

Recently, the CTX-M-1 group of enzymes, such as CTX-
M-3 and CTX-M-15, have emerged in Europe and Asia (3,
8§-10, 14, 22, 28). In the present study, we also identified the
genes for the CTX-M-1 group of enzymes in various bacterial
species, including Escherichia coli, Serratia marcescens, Kleb-
siella pneumoniae, and Klebsiella oxytoca, in addition to Provi-
dencia retigeri, Citrobacter freundii, Citrobacter koseri, and En-
terobacter cloacae. This finding may be suggestive of the lateral
transfer of very similar plasmids bearing bla . .,, genes
among different bacterial species. Actually, probable nosoco-
mial transmissions of CTX-M-producing bacterial strains were
suspected in several medical facilities, as shown in Fig. 1 and
Table 3. Especially in hospitals D18, D20, and E3, all three
groups of genes for CTX-M enzymes were identified; and genes
for CTX-M-type enzymes were detected in various gram-nega-
tive bacterial species, suggesting the horizontal transfer of the
blacrx \ genes among different bacterial species. Interestingly,
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Region PCR type Bacterial species (no. of isolates) Hospital (no. of isolates)
Hokkaido (04/7%) None None
Tohoku (4/17) CTX-M-1 K pneumoniae (27) B4 (29
CTX-M-2 E. coli (1) B1i (1)
P. mirabilis (10} B4 (10)
CTX-M-9 I%. coli (6) B2 (1), B3 (4), B4 (1)
Kanto (9/26) CTX-M-1 E. coli (7) C1 (1), C3(2), C9 4)

K. pneumoniae (6)
K oytoca (1)

CTX-M-2 P. mirabilis (28)
A. baumannii (3)

CTX-M-9 K. preumoniae (1)
E. coli (11)

Chubu (22/37) CTX-M-1 E. coli (12)
K pneumoniae (2)
C. freundii (2)
E. aerogenes (1)
S. marcescens (5)

CTX-M-2 E. coli (29)

K. pnewmnoniae (21)
K. oxytoca (3)

P. mirabilis (17)

S. marcescens (1)
E. cloacae (3)

A. baumannii (1)

CTX-M-9 E. coli (34)

K preuroniae (4)
K. oxytoca (1)

Kinki (10/19) CTX-M-1 1. coli (6)
. K. oxytoca (1)
S. marcescens (4)

CTX-M-2 L. coli (8)
K. pneumoniae (6)
P. mirabilis (15)
P. rettgeri (1)

CTX-M-9 L. coli (11)
K pneumoniae (2)

Chugoku (5/13) CTX-M-2 E. coli (3)
K prneumoniae (2)

CTX-M-9 L. eoli (8)

Shikoku (3/5) CTX-M-2 E. coli (1)

C. koseri (1)

CTX-M-9 E. coli (15)

K pneumoniae (2)

Kyushu and Okinawa (4/8) CTX-M-1 E. coli (8)

CTX-M-2 E. coli (4)

K pneumoniae (2)

P. nurabilis (1)
CTX-M-9 E. coli (4)

Total (57/132)

€2 (2), C6 (1), C7 (3)
c8 (1)

C4 (9), C5 (19)
G5 (3)

71 (1)
C2 (1), C3 (1), C4 (1), C7 (4), C8 (4)

D2 (1), D3 (5). D6 (3), D7 (1), D20 (1), D22 (1)
D1 (1), D20 (1)

D18 (2)

D19 (1)

DIR (5)

D5 (1), D6 (2), D8 (1), D13 (4), D14 (1), D15 (5),
D18 (1), D20 (14)

D20 (20, D22 (1)

D6 (1), D15 (1), D20 (1)

D14 (4), D16 (11), D17 (1), D18 (1)

D20 (1)

D18 (1), D20 (2)

D20 (1)

D4 (1), D5 (1), D6 (4), D7 (4), D8 (4), D9 (3),
D10 (1), D11 (1), D12 (1), D14 (1), D16 (4),
DI8 (1), D20 (3), D21 (5)

D12 (4)

Di2 (1)

ES (4), E7 (1), E10 (1)
E4 (1)

E1 (4)

E3 (1), E5 (6), E8 (1)
ES (6

E2 (1), E5 (14)

E8 (1)

E2 (2), E3 (1), ES (6), E6 (1), E9 (1)
E2 (1), E5 (1)

F2 (2), 5 (1)

F3 (2)

Fi (4), F4 (1), F5 (3)
G2 (1)

G3 (1)

G2 (15)

G1 (1), G2 (1)

Hi (1), H2 (6), H3 (1)

H1 (1), H4 (3)
H4 (2)

“H2 (1)

H1 (3), H2 (1)

2 Number of medical facilities where blacrx.-harboring strains were detected.
» Number of medica! facilities that submitted strains to our laboratory.
< Number of clinical isolates harboring blacrx.a gene.
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E. coli (1) CTX-M-9

[~ 4 | P. mirabilis (9) CTX-M-2
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FIG. 1. Clinical facilities where multiple blacry s genes belonging to different genetic clusters were identified. Facilities where multiple
bacterial species that bear blac-rx \ genes were isolated are also added. The numbers in parentheses demonstrate the number of clinical isolates
of each bacterial species.
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all 71 Proteus mirabilis strains were identified as CTX-M-2
producers, and they were isolated in widely separate medical
facilities located far apart in Japan, implying a close relat-
edness between CTX-M-2 and P. mirabilis in Japanese clin-
ical environments. The plasmids carrying bla -, x.u.» may be
very adaptive for P. mirabilis, which may either serve as a
reservoir for plasmids carrying-blacrx.m.2 gene (16, 17) or
have preferentially accepted blacrx n» genes from some
environmental Kiuyvera spp. (11, 20). Comparative analyses
of plasmids that bear the blas;x_m.» gene would provide a
clue to elucidate the relatedness and origins of the plasmids.

The CTX-M-9 group of enzymes, including CTX-M-14, have
so far been found worldwide in the species belonging to the family
Enterobacteriaceae (7-9). However, almost all of the CTX-M-9
group of enzymes were found in E. coli in the present study, and
some of them were suggested to be CTX-M-14. Precise analysis of
the genetic environments mediating the bla,x .o group of
genes among these strains as well as their genome profiles would
explain the presence of CTX-M-producing pandemic strains
in Japan.

In conclusion, the aim of the present study was to make a
rough estimate of the current status of CTX-M-type B-lacta-
mases produced by nosocomial gram-negative bacilli isolated
from Japanese medical facilities. The findings obtained imply
that various plasmid-mediated genetic determinants for CTX-
M-type B-lactamases have already been disseminated in Japa-
nese clinical environments. Since CTX-M-2 was also identified
in livestock (24), we must take special precautions against the
further proliferation of gram-negative bacterial strains that
harbor plasmids carrying genes for CIX-M-type B-lactamases,
together with the other classes of plasmid-mediated p-lactama-
ses, such as CMY-type cephamycinases and MBLs.
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Nine Escherichia coli and 5 Klebsiella pneumoniae clinical isolates resistant to various cephalosporins and
cephamycins were identified in a Japanese general hospital between 1995 and 1997. All nine E. coli isolates and
one K. prewnoniae isolate carried bla .y, while the other four K. preumoniae isolates harbored a variant of
blacyry.g, namely, blacygy 1o The pulsed-field gel electrophoresis patterns of the nine CMY-9-producing E. coli
isolates were almest identical, suggesting their clonal relatedness, while those of the five K. preumontiae isolates
were divergent. Plasmid profiles, Southern hybridization, and conjugation assays revealed that the genes for
the CMY-9 and the CMY-19 B-lactamases were located on very similar conjugative plasmids in E. coli and K.
pneumoniae. The genetic environment of blayry ;0 Was identical to that of blacnyvo. A single amino acid
substitution, 12928, adjacent to the H-10 helix region was observed between CMY-9 and CMY-19. This
substitution was suggested to be responsible for the expansion of the hydrolyzing activity against several
broad-spectrum cephalosporins, and this finding was consistent with the kinetic parameters determined with
purified enzymes. These findings suggest that the blacpy.1s genes found in the four K. preumoniae isolates
might have originated from bla .y o gene following a point mutation and dispersed among genetically different
K. pnenmoniae isolates via a large transferable plasmid.

Resistance to B-lactam antibiotics in gram-negative bacill is
mainly mediated by the production of B-lactamases, which are
divided into four major molecular classes, classes A, B, C, and
D (1, 10). Genes for AmpC (class C) B-lactamases are gen-
erally encoded on the chromosomes in many gram-negative
microbes, including Enterobacter spp., Citrobacter freundii,
Serratia marcescens, Morganella morganii, and Pseudomonas
aeruginosa (27). Chromosomal AmpC enzymes are usually
inducible and are often responsible for resistance to ceph-
alosporins (27) as well as to penicillins. Plasmid-mediated
class C B-lactamases have mainly been described in Kleb-
siella spp., Escherichia coli, and Salmonella spp. throughout
the world (25). A cephamycin-resistant Klebsiella pneu-
monige strain producing a plasmid-mediated class C B-lac-
tamase, CMY-1, was first reported in 1989 in Korea 7, 8).
Plasmid-mediated class C enzymes are currently divided
into at least five clusters (25) on the basis of amino acid
sequence similarities, together with their putative progeni-
tor chromosomal AmpC enzymes. In Japan, MOX-1 (16),
CMY-8 (unpublished data), CMY-9 (12), CMY-2 (unpub-
lished data), CFE-1 (23), and DHA-1 (unpublished data)
have so far been found as plasmid-mediated AmpC p-lac-
tamases, mainly in nosocomial isolates of the family Entero-
bacteriaceae.
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Diseases, 4-7-1 Gakuen, Musashi-Murayama, Tokyo 208-0011, Japan.
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@nih.go.jp.
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Between 1995 and 1997, eight additional E. coli isolates and
five K. pneumoniae isolates resistant to both oximino-cephalospo-
rins and cephamycins were.isolated in the same hospital where
the first CMY-9-producing E. coli strain (strain HKYM68) was
isolated in 1995 (12). In the present study, the molecular and
biochemical mechanisms underlying the multiple-cephalosporin
resistance among these 14 isolates as well as their genetic relat-
edness were elucidated.

MATERIALS AND METHODS

Bacterial strains. Nine E. coli isolates and five K. pnewmoniae isolates display-
ing a high level of resistance to cephalosporins and cephamycins were isolated
between 1995 and 1997 in a general hospital in Yamaguchi Prefecture, Japan,
and stored in our laboratory. Among these isolates, E. coli strain HKYMG68 was
previously found to produce CMY-9 (12). Phenotypic identification of each
isolate was performed by using a commercial identification system (API 20E
system; bioMerieux, Marcy 1'Etoile, France), according to the instructions of the
manufacturer,

Phenotypic test for f-lactamase types. A simple initial screening test for the
presumptive identification of the B-lactamase types in clinical isolates was performed
by use of the double-disk synergy test with Kirby-Bauer disks. Two disks which
contained ceftazidime (30 g per disk) or cefotaxime (30 pg per disk) were used in
combination with three different disks containing either amoxicillin-clavulanate (20
pg per disk/10 g per disk), sodium mercaptoacetic acid (3 mg per disk), or 3-amino-
pheny! boronic acid (APB) (300 pg per disk), which are specific inhibitors of class A,
class B, and class C B-lactamases, respectively (2, 32).

Identification of B-lactamase genes by PCR and sequencing analyses. The
samples were screened by PCR with 12 sets of primers for the detection of TEM-
and SHV-derived extended-spectrum B-lactamases; GES-type, CTX-M-2-type,
CTX-M-3-type, and CTX-M-9-type class A B-lactamases; CMY-1-, CMY-2-, and
DHA-1-type class C B-lactamases; and IMP-1-, IMP-2-, and VIM-2-type class B
B-lactamases. The sets of PCR primers and the amplification conditions used to
detect various plasmid-mediated B-lactamase genes found thus far in Japan have
been reported previously (28, 31). The PCR amplicons were electrophoresed on
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a 2% agarose gel and purified with a MinElute gel extraction kit (QLAGEN
K. K, Tokyo, Japan), and both strands were sequenced.

Transfer of B-lactam resistance. A conjugation experiment was performed by
the broth mating method with E. coli strain CSH-2 (metB F~ Rif™ Nal®) as the
recipient. The donor-to-recipient ratio was 1:4, and the mating time was 3 h.
Transconjugants were selected on Luria-Bertani (LB) agar plates supplemented
with both rifampin (100 pg/ml) and nalidixic acid (50 pg/mi), together with
cefotaxime (10 pg/ml) or ceftazidime (10 pg/mi).

Antibiotic susceptibility tests. Susceptibilities to antibiotics were tested by the
agar dilution method according to the procedure recommended by the CLSI
(formerly the National Committee for Clinical Laboratory Standards) document
M7-AS5 (24). E. coli ATCC 25922 was used as the control strain for the antimi-
crobial susceptibility testing.

Isoelectric focusing of B-lactamases. Bacterial cells were grown in 10 ml of LB
broth supplemented with cephalothin (50 pg/ml) and were harvested by centrifu-
gation (4,000 X g for 15 min) The cell pellet was resuspended in 1 ml of 50 mM
sodium phosphate buffer. The pI of B-lactamase was determined as described
previously (31).

Pulsed-field gel electrophoresis (PFGE), Total DNA preparations containing
both chromosomal and plasmid DNAs were extracted from each isolate and
digested overnight with Xbal (New England Biolabs, Beverly, MA) in agarose gel
plugs. The digested DNAs were subjected to electrophoresis with a CHEF-DRIT
drive module (Bio-Rad Laboratory, Hercules, CA), with pulses ranging from
12,5 to 40 s at 6 V/em for 24 h at 16°C.

Plasmid analysis and Southern hybridization, Large plasmids mediating
blacyy genes were prepared from clinical isolates and their transconjugants
according to the procedure described by Kado and Liu (17) and electrophoresed
on a 0.8% agarose gel. The plasmid DNAs of the transconjugants were also
prepared by using a QIAGEN midi-prep kit (QIAGEN K. K.), digested with
Sacl, and then transferred to a nylon membrane (Bio-Rad Laboratories). The
999-bp digoxigenin (DIG)-labeled DNA probes were prepared by using a PCR
DIG Probe Synthesis kit (Roche Diagnostics, Tokyo, Japan); and the DNA
template was prepared from a blapx-positive I coli strain HKYMG68 (12),
together with two PCR' primers, primers MOX-F (5'-AAC AAC GAC AAT
CCA TCC-3') and MOX-R (5'-TGT TGA AGA GCA CCT GGC-3').

- PCR and sequencing analyses of flanking regions of bla;y. To determine the
genetic environments of the blac.yy genes, standard PCR amplification experi-
menis and sequencing analyses were performed with an Expand High-Fidelity
PCR system (Roche) and several sets of primers, which were designed on the
basis of the nucleotide sequences deposited in the EMBL/GenBank/DDBJ da-
tabases under accession number AB061794. The resultant PCR products were
purified by using a MinElute gel extraction kit (QIAGEN) and were subse-
quently sequenced with the appropriate primers.

Cloning of blacpy.y and blagyy ;s for purification of enzymes. To amplify
blagpy.o and blacpyy.1g, conjugative plasmids pK209 and pK466 were used as
the template DNA, respectively. A highly reliable PCR amplification was per-
formed with primers CMY-S1 (5'-CAG GGC GTG AGG ATA AAG-3') and
CMY-82 (§'-GGG ACG AGA TAG AGA AAT-3) by using the Expand High-
Fidelity PCR system (Roche). Each amplicon was ligated to the pGEM-T vector
(Promega, Madison, WI) and subjected to confirmatory sequencing. Selected
plasmids with no amplification error, pGEM-CMY-9 and pGEM-CMY-19,
which carry bl cpyy.o and blacpyyyo, respectively, were digested with Xhol and
EcoRI. The resultant fragments were ligated to pBCSK+ (Stratagene, La Jolla,
Calif.) restricted with the same enzymes; and competent cells of E. coli strain
DHS5« [supE44 AlacU169 ($80 lacZAM15) hsdR17 recAl endAl gyrA96 thi-1
relA] acrAB*], purchased from TOYOBO, Co., Ltd, Tokyo, Japan, were trans-
formed by electroporation with the mixture of the constructed plasmids.

Purification of CMY-9 and CMY-19 B-lactamases. E. colf strain DHSo, which
harbored pBC-CMY-9 carrying the blacpy.o gene or pBC-CMY-19 carrying the
blacpy.1o gene, was separately cultured overnight in 2 liters of LB broth con-
taining cephalothin (50 pg/mt) and chloramphenicol (30 wg/ml). The celis were
harvested by centrifugation and washed in 50 mM sodium phosphate buffer (pH
7.0). The pellets were resuspended with 10 ml of 20 mM Tris-HCl buffer (pH 7.5)
and destroyed with a French press. After low-speed centrifugation (3,300 X g for
15 min) to remove the cellular debris and unbroken cells, the supernatant was
again centrifuged at 100,000 X g for 1 h at 4°C. The supernatant containing
B-lactamase was chromatographed through a HiTrap Q HP column (Amersham
Biosciences) that had been preequilibrated with 20 mM Tris-HCl buffer (pH 7.5).
B-Lactamase activity was detected in the flowthrough fraction, which was then
dialyzed against 50 mM sodium phosphate buffer (pH 6.0). This partiaily purified
fraction was again applied to a HiTrap SP HP column (Amersham Biosciences)
that had been preequilibrated with 50 mM sodium phosphate buffer (pH 6.0).
The enzymes were eluted with a linear gradient of NaCl in the same buffer.
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Fractions with B-lactamase activity were dialyzed against 50 mM sodium phos-
phate buffer (pH 7.0) and condensed by use of an Ultrafree-15 centrifuge filter
device (Millipore Corporation, Bedford, MA). The production of CMY-19 was
not enough in the /. coli transformant, so the following method was used. The
blacpy.io gene was amplified with primers CMY-F2 (5'-CAT ATG CAA CAA
CGA CAA TCC ATC C-3'), which has an Ndel linker (underlined), and
CMY-R2 (5’-GAA TTC TCA ACC GGC CAA CTG CGC CA-3"), which has an
EcoRT linker (underlined), and the Expand High-Fidelity PCR system (Roche).
The amplicon was ligated with a pGEM-T vector (Promega), subjected to con-
firmatory sequencing, and then excised by digestion with Ndel and EcoRI and
subcloned into the expression vector pET29a(+) (Novagen, Madison, WI),
which was cleaved with the same enzymes. The constructed expression vector,
named pET-CMY-19, was introduced into E. coli BL21(DE3)pLysS [F~ ompT
hsdSB (ry~mg™) gal dem (DE3) pLysS], which was obtained from Novagen
through TAKARA BIO Inc, Kyoto, Japan. The transformant was cultured in 1
liter of LB broth containing kanamycin (50 pg/ml) and chloramphenicol (30
mg/ml) at 37°C. Isopropyl-B-n-thiogalactopyranoside was added when the cul-
ture reached an optical density at 600 nm of 0.55, and the culture was incubated
for an additional 6 h at 25°C. CMY-19 was purified by the same methods used for
the purification of CMY-9. The purity of the B-lactamases was checked by
sodium dodecyt sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
Coomassie brilliant blue (CBB) staining. The puritied CMY-9 and CMY-19
B-lactamases were also subjected to isoelectric focusing analysis with an Ampho-
line PAG plate (Amersham Biosciences) and stained with CBB,

Assay of kinetic parameters. The kinetic parameters of CMY-9 and CMY-19
against various B-lactam substrates were assayed at 30°C in 50 mM sodium
phosphate buffer (pH 7.0) by using an autospectrophotometer (V-550; Nihon
Bunko Ltd., Tokyo, Japan). The absorption maxima of the substrates used were
as follows: ampicillin, 235 nm; piperacillin, 232 nm; cephalothin, 262 nm; ceph-
aloridine, 297 mn; ceftizoxime, 257 nm; ceftazidime, 274 nm; cefotaxime, 264 nm;
cefpirome, 267 nm; cefepime, 275 nm; cefoxitin, 270 nm; cefmetazole, 259 nm;
moxalactam, 274 nm; imipenem, 298 nm. K,, and &, values were obtained by a
Michaelis-Menten plot of the initial steady-state velocities at different substrate
concentrations. K; was determined by the procedure described in our previous
study (13), with cephalothin used as a reporter substrate.

Nucleotide e accession ber. The open reading frame of blacwy. 10
was deposited in the EMBL/GenBank databases through DDBY and assigned
accession number AB194410.

RESULTS

Properties of nine E. coli and five K. pneumoniae clinical
isolates. The MICs of six B-lactams for the 14 clinical isolates are
shown in Table 1. The K pneumoniae and E. coli clinical isolates
exhibited resistance to oximino-cephalosporins and cephamycins
but were susceptible to carbapenems, although E. coli HKYM68
also showed resistance to imipenem. In a double-disk synergy
test, no synergistic effect of clavulanic acid on the activities of
ceftazidime and cefotaxime was detectable in any of the 14
isolates. A lack of metallo-B-lactamase production was also
suggested by the results of the sodium mercaptoacetic acid disk
tests. An apparent expansion of the growth inhibitory zone was
observed with the 14 clinical isolates only between a disk con-
taining 300 pg of 3-aminophenyl-boronic acid and a disk con-
taining ceftazidime or cefotaxime, suggesting the production of
a class C B-lactamase. These findings indicate that the property
of resistance to oxyimino-cephalosporins and cephamycins was
likely due to the production of a class C B-lactamase.

PCR detection of various B-lactamase genes and sequencing
revealed that a K pneumoniae isolate (HKY209) carried
blacypy.o, While the other four K. pneumoniae isolates carried
blacyyy_1, a variant gene of blacyy.o (Table 1). A single nu-
cleotide mutation at position 944 was found between bla .o
and the newly identified bla w15 gene, and this point muta-
tion resulted in the 1292S substitution near the H-10 helix
domain in CMY-19, as shown in Fig, 1. All nine E. coli clinical
isolates carried both the blacyyy.o and the blag,, genes (Table 1).
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292
CMY-19 (K. pneumoniae HKY466) YPVTEQTLLAG NSAKV@LEANPTAA— --PRESGSQVLFNKTGSTNGFGAYVAFVPARGIG

CMY-9 (K. pneumoniae HKY209)
CMY-11 (E. coli K983802)
FOX-1 (K. pneumoniae BA32)
AmpC (E. aerogenes Ear1)
AmpC (E. aerogenes Ear2)
AmpC (E. cloacae P99)
AmpC (E. cloacae CHE)
AmpC (E. coli K-12)

AmpC (E. coli HKY28)

AmpC (S. marcescens S3)
AmpC (S. marcescens HD)

H-10 helix

YPVTEQTLLAGNSAKVILEANPTAA- - ~PRESGSQVLFNKTGSTNGFGAYVAFVPARGIG
YPVTEQTLLAGNSAKVSLEANPTAA- - -PRESGSQVLFNKTGSTNGF GAYVAFVPARGIG
YPLTEQALLAGNSPAVSFQANPVTRFAVPKAMGEQRLYNKTGSTGGFGAYVAFVPARGIA
WPVSPEVLINGSDNKVALAATPVTAVKPPAPPVKASWVHKTGSTGGFGSYVAFIPQQDLG
WPVSPEVLINGSDNKVAFAATPVTAVKPPAPPVKASWVHKTGSTGGFGSYVAFIPQQDLG
L DAQANTVVEGSDSKVALAPLPVAEVNPPAPPVKASWVHKTGSTGGFGSYVAF IPEKQIG
LDAQANTVVEGSDE ——- - JPLPVVEVNPPAPPVKASWVHKTGSTGGFGSYVAF IPEKQIG
WPVNPDSIINGSDNKTALAARPVKATTPPTPAVRASWVHKTGATGGF GSYVAF IPEKELG
WPVNPDITIN- - NKTALAARPVKPITPPTPAVRASWVHKTGATGGFGSYVAF IPEKELG
LDAEL SRLTEGNNAGMIMNGTPATATTPPQPELRAGWYNKTGSTGGFSTYAVFIPAKNIA
LDAELSRLIEGNNAGMI[- -~ -PATATTPPQPELRAGWYNKTGSTGGF STYAVFIPAKNIA

FIG. 1. Alignments of amino acid residues near the H-10 helix. A partial amino acid sequence alignment of CMY-9 (12), CMY-19 (this study),
CMY-11 (21), FOX-1 (15), AmpC of E. cloacae Earl and Ear2 (5), AmpC of E. cloacae P99 and HD (6), AmpC of E. coli K-12 and HKY28 (13),
and AmpC of S. marcescens 83 and HD (22) is shown. Square boxes show the amino acid substitutions or deletions that are predicted to affect
the hydrolyzing activity of cefepime. The conserved motif KTG is underlined. Dashes indicate deletions of amino acid residues. CMY-11- and
FOX-type enzymes have a serine residue at amino acid position 292, but no observation about their property against cefepime was described in
the articles. The numbering of the amino acid residues is in reference to that of the mature CMY-1 reported by Bauernfeind et al. (7).

The mechanism of imipenem resistance of HK'YM68 was not
characterized in this work.

. Transferability of B-lactam resistance. The oximino-cephalo-
sporin and cephamycin resistance trait of the five K pneu-
moniae was transferred to a recipient E. coli strain (strain
CSH-2) at a frequency of 10~ to 107> cells per recipient cell
by broth mating. Conjugal transfer of the resistance trait from

M12345M MABCDEFGHIM
(kb) ‘W:’ :’3:&.‘:» »:—n.- = (kb)

FIG. 2. PFGE analysis of K. preumoniae and E. coli isolates.
(A) Lanes: M, PFGE marker; 1, K. pneumoniae HKY?209; 2, K. pneu-
moniae HKY327, 3, K prneumoniae HKY3063; 4, K. pneumoniae
HKY466; 5, K. preumoniae HKY474. (B) Lanes: M, PFGE marker; A,
E. coli HKY154; B, E. coli HKY191; C, E. coli HKY200; D, E. coli
HKY215; E, E. coli HKY?224; F, E. coli HKY297; G, E. coli HKY315;
H, E. coli HKY334; and I, E. coli HKYMG6S.

the nine E. coli isolates was also observed at a frequency of
about 1077 to 1074 cells per recipient cell.

PCR analyses confirmed the presence of bla -4y .o OT blacagy 1o
in each transconjugant, indicating that these genes are located on
transferable plasmids. PCR analysis of the transconjugants also
revealed no cotransmission of the bla.\ gene to the E. coli
transconjugants that harbored the bla .o gene.

PFGE analysis, The PFGE patterns of the five K. pneumoniac
isolates after Xbal digestion were highly variable (Fig. 2A), which

A M

123 456 7 8 9 101112134 M
&b) | ' '

231

231 B

FIG. 3. Plasmid profiles and Southern hybridization. (A) Plasmid
profiles of clinical isolates and their tranconjugants; (B) hybridization
with the probe specific for the CMY-1- and MOX-1-type B-lactamase
gene. Lanes: M, HindIll-digested DNA marker; 1, K. pneumoniae
HKY?209; 2, E. coli CSH-2/pK209; 3, K. pneumoniae HKY327; 4, E. coli
CSH-2/pK327; 5, K. pneumoniae HKY363; 6, E. coli CSH-2/pK363; 7,
K. pneumoniae HKY466; 8, E. coli CSH-2/pK466; 9, K pneuwmoniae
HKY474; 10, E. coli CSH-2/pK474; 11, E. coli HKY1534; 12, E. coli
CSH-2/pE154; 13, E. coli HKYMG6S; and 14, E. coli CSH-2/pEMS68.
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FIG. 4. Plasmid patterns after restriction enzyme digestion and Southern hybridization. (A) Sacl-digested plasmid DNAs prepared from the
representative transconjugants; (B) hybridization patterns with the probe specific for CMY-1- and MOX-1-type B-lactamase gene. Lanes: M,
HindIII-digested DNA marker; 1, E. coli CSH-2/pK209; 2, E. coli CSH-2/pK327; 3, E. coli CSH-2/pK363; 4, E. coli CSH-2/pK466; 5, E. coli

CSH-2/pK474; 6, E. coli CSH-2/pE154; and 7, E. coli CSH-2/pEM6S.

revealed their clonal diversity. In contrast, the PEGE patterns of
the E. coli isolates were very similar to one another (Fig. 2B),
which revealed their clonal relatedness. '

Plasmid analyses and Southern hybridization. The plas-
mid DNA profiles prepared from the five K. preumoniae
isolates and their transconjugants and from two representa-
tive E. coli isolates (isolates HKY154 and HKYM68) and
their transconjugants are shown in Fig. 3A. One to three
large plasmids were apparently present in the five K. pneu-
moniae isolates, and one large plasmid was transferred to E.
coli from each strain in the conjugation experiment. E. coli
isolate HK'Y154 had four plasmids, and identical plasmid
profiles were found in seven other E. coli isolates (isolates
HKY191, HKY200, HKY?215, HKY224, HKY297, HKY315,
and HK'Y334) (data not shown). E. coli HKYM68 harbored
three plasmids that were similar to three of the four plas-
mids found in HKY154. All the E. coli transconjugants car-
ried a single plasmid apparently identical to that transferred
from the K pneumoniae isolates (Fig. 3A and data not
shown).

A plasmid of similar size hybridized with the DNA probe
specific for the CMY-1-type B-lactamase genes in all the K.
pneumoniae and E. coli isolates and their transconjugants (Fig.
3B). The Sacl restriction profiles of the plasmid DNAs from

intl] aacAl orfG qacEAI sull

representative transconjugants were very similar to each other
(Fig. 4A), and the DNA probe specific for blacyy.,-group
genes hybridized with a band of about 4.8 kb in size in all cases
(Fig. 4B).

Isoelectric focusing of B-lactamases. A B-lactamase band
with a pl of >8.45 was detected in all K. pneumoniae and E. coli
clinical isolates and their transconjugants but not in E. coli
CSH-2 (data not shown). This band likely corresponded to the
CMY-9 or CMY-19 B-lactamase. No band-with an acidic pI
value was detected in the nine E. coli clinical isolates carrying
the bla. .\, gene, likely because of a low level of expression of
that gene. ’

Genetic environments of bla .y and bla gy ;o genes. The
structure of the flanking regions of the blacy,y.o gene in E. coli

- HKYM68 was already reported in a previous study (12). The

structure surrounding the bla, .y genes in-the other 13 isolates
was identical to that found in HKYMG6S. Both blacpy.o and
bla cniy.1g were located at the 3' end of a putative transposase
gene, orf513. A sull-type class 1 integron structure consisting
of intl1 (an integrase gene), a fused aacAI-orfG gene cassette
(responsible for aminoglycoside resistance), gacEA1, and sull
(responsible for trimethoprim-sulfamethoxazole resistance)
were found at the 5’ end of 07f5713 (Fig. 5).

orf513

blacyy.i yqgt

o, .

[l
P

"~ 5.CS V?;ene cassettes 3’-CS

<

v

class 1 integron

FIG. 5. Gene organization around blacyy genes. The blacy,y gene on the conjugative plasmid found in the K. pneumoniae and E. coli clinical
isolates located just downstream of orf513 is shown as it was found in our previous study ona CMY-9 producing E. coli HKHM®68 (12). Open circle,
position of the 59-base element; CS, conserved segment of a class 1 integron. orf513 is speculated to encode a putative transposase, and various
antimicrabial resistance genes tend to be integrated just downstream the orf513. The product from the yqgF gene encodes a hypothetical protein
very similar to the YqgF identified in Aeromonas hydrophila (EMBL accession no. AJ276030), but the function is unknown.
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TABLE 2. MICs of B-lactams for CMY-9-producing and
CMY-19-producing E. coli transformants

MIC (pg/mi)

Transformant

B-Lactam Recipient,
I, coli DHS« I coli DH5x E. coli DH5«a
(pBC-CMY-9) (pBC-CMY-19) (pBCSK+)
CMY-9 CMY-19

Ampicillin . 64 >128 2
Piperacillin 8 64 0.5
Piperacillin + TAZ* 4 32 0.5
Cephalothin >128 >128 2
Cephaloridine o4 128 2
Ceftizoxime 64 16 =0.06
Ceftazidime ° 64 >128 =0.06
Ceftazidime + APB? 0.5 8 =0.06
Cetotaxime >128 128 =0.06
Cefotaxime + APB” 2 1 =0.06
Cefpirome 8 16 =0.06
Cefepime 0.13 4 =0.06
Cefoxitin >128 128 2
Cefmetazole 128 32 0.5
Cefminox 128 32 0.5
Moxalactam 8 8 =0.06

. Aztreonam 4 16 =0.06
Imipenem 0.25 0.25 0.13
Meropenem =0.06 =0.06 =0.06

2 TAZ, tazobactam, which was used at a concentration of 4 pg/ml,
& APB, 3-Aminophenyl boronic acid, which was used at a concentration of 300
pg/ml,

MICs for CMY-9- or CMY-19-producing E. coli transfor-
mants. The MICs of various B-lactams for CMY-9- or CMY-
19-producing E. coli transformants are shown in Table 2. Some

notable differences were observed between the MICs of the -

two strains. The MICs of ampicillin and piperacillin for the
CMY-19 producer were higher than those for the CMY-9
producer. Concerning ceftizoxime and cefotaxime, the MICs
for the CMY-9 producer were higher than those for the
CMY-19 producer, but in the case of ceftazidime, the level of
resistance was.reversed. The CMY-19 producer showed higher
levels of resistance to cefpirome and cefepime than the CMY-9
producer. The MICs of cephamycins, such as cefoxitin,
_cefmetazole, and cefminox, were higher for the CMY-9 pro-
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ducer than for the CMY-19 producer. A remarkable reduction
in the MICs by the addition of a class C B-lactamase specific
inhibitor, 3-aminophenyl boronic acid, was observed with both
the CMY-9 and the CMY-19 producers.

Kinetic parameters. To purify the CMY-9 and the CMY-19
B-lactamases, initially, £. coli DHSa(pBC-CMY-9) and E. coli
DH5a(pBC-CMY-19) were cultured in 2 liters of LB broth. How-
ever, the yield of purified CMY-19 B-lactamase was insufficient
for the assay of kinetic parameters. Therefore, a pET2%9a(+)
expression vector and an E. coli BL21(DE3) pLysS strain were
used for overproduction and purification of that enzyme. The
purified enzymes gave a single band on SDS-PAGE with CBB
staining that suggested >95% purity (data not shown).

The kinetic parameters of CMY-9 and CMY-19 against
sclected B-lactams are shown in Table 3. The hydrolyzing
activity (k../K,,) of CMY-19 for penicillins, including am-
picillin and piperacillin, were higher than those of CMY-9.
Although CMY-9 and CMY-19 had similar &, values for
cefotaxime, CMY-19 had a 100-fold-higher K, than CMY-9,
resulting in a lower catalytic efficiency for this substrate.
Ceftazidime, cefpirome, and cefepime behaved as poor sub-
strates for CMY-9 due to the high K|, values for these
agents, while CMY-19 showed different behaviors against
these compounds. CMY-19 had a 140-fold-lower K,,, against
ceftazidime than CMY-9. The k., value of CMY-9 for
cefepime could not be determined, but CMY-19 measurably
hydrolyzed this compound. The hydrolyzing efficiencies
(keot/K,,, values) of CMY-19 against cephamycins such as
cefoxitin and cefmetazole were lower than those of CMY-9.
Although CMY-19 had a lower K, against cephamycins
than CMY-9, it showed a much lower k., against these
compounds.

DISCUSSION

A plasmid-mediated class C B-lactamase (CMY-1) was first
reported in 1989 in a K. pneumoniae isolated in South Korea
(8). Subsequently, several variants of that enzyme, such as
MOX-1 (16), CMY-8 (33), CMY-9 (12), CMY-10 (20), and
CMY-11 (21), have been identified, mainly in East Asian coun-
tries, including Taiwan and Japan. The dissemination of CMY-

TABLE 3. Kinetic parameters of CMY-9 and CMY-19

CMY-9 CMY-19
Substrate
K, ot K, (uM) ke (871 keaK, (M7H 571 K, or K; (uM) ea (871 eadlK, (M7 571

Ampicillin 91 x28 1.0=0.1 1.1 x 10* 16*1 0.35 £ 0.01 2.2 X 104
Piperacillin 97 =21 0.14 = 0.01 1.4 x 10° 8905 0.031 = 0.001 3.5 X 10°
Cephalothin 120 =10 630 = 10 5.3 % 106 230 = 10 380 = 10 1.7 x 108
Cephaloridine 1200 = 100 99 +2 8.3 x 10* 1500 + 100 240 = 10 1.6 X 10°
Ceftizoxime 5.5%02 1.3+0.1 24 x 10° 11+1 0.71 £ 0.03 6.5 x 10*
Ceftazidime 560 + 110 1.8 x0.3 3.2 x10° 3.7+01 0.085 +.0.002 2.3 x 10*
Cefotaxime 0.28 = 0.01 0.27 = 0.01 9.6 X 10° 31x2 0.33 = 0.01 1.1 % 10*
Cefpirome 390 £ 50 3.6+03 9.2 x 10° 25%2 0.58 = 0.02 2.3 x 10*
Cefepime 950 =50 NH* ND? 630 = 170 1.8 =04 2.9 x 10%
Cefoxitin 60 £2 50=x1 83 x10° 0.90 = 0.03 0.12 = 0.01 1.3 x 10°
Cefmetazole 51%02 1.7+01 33 x10° 0.26 = 0.01 0.045 = 0.001 1.7 x 10°
Moxalactam 0.22 = 0.01 NH ND 0.40 = 0.03 NH ND

Imipenem 46203 NH ND 43 =01 NH ND

“ NH, not hydrolyzed.
> ND, not determined.
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10- and CMY-11-producing isolates of the family Enterobacte-
riaceae was also reported in Korea (18, 19). In the present
study, CMY-type B-lactamase-producing K. preumoniae and
E. coli clinical isolates from a Japanese general hospital were
investigated. Through PFGE analysis, it was found that the five
K. pneumoniae isolates had little genetic relatedness to each
other, while the nine E. coli isolates belonged to the same
clonal lineage. Interestingly, plasmid analysis showed that all
14 isolates harbored a very similar conjugal plasmid that en-
codes a CMY-type B-lactamase which was either CMY-9 or
CMY-19, a variant that differs from CMY-9 by a single amino
acid substitution (I1292S). Since the flanking structures of the
blacwmy genes were identical in all plasmids, it is probable that
one conjugal plasmid carrying bla v, was horizontally trans-
ferred to E. coli, K. pneumoniae, and then an E. coli clone and
various K. pneumoniae strains harboring the blacyy gene-
bearing plasmids might have spread in the hospital.
B-Lactamases can modify their substrate specificity through a
single amino acid substitution (30). CMY-19 had a single amino
acid substitution, 12928, near the H-10 helix domain, compared
with the sequence of CMY-9 (Fig. 1). Indeed, a serine residue at
the same amino acid position was found in all the FOX-type
enzymes (15, 26), including CAV-1 (14), and also in CMY-11
(21), as shown Fig. 1; but no peculiar behavior against cefepime
was documented with those enzymes. Through the 12928 substi-
tution, CMY-19 would have developed extended substrate
specificity against cefepime and cefpirome, as well as ampicil-
lin, piperacillin, cephaloridine, and ceftazidime, compared
with that of CMY-9, although the hydrolyzing activities against
ceftizoxime, cefotaxime, and cephamycins were impaired. The
expansion of hydrolyzing activity against cefepime found in
CMY-19 was a most remarkable property because cefepime is
generally stable against AmpC B-lactamases (11). Similar de-
velopments of extended hydrolyzing activity against cefepime
through amino acid substitutions or deletions adjacent to the
H-10 helix have been observed in several chromosomally en-
coded AmpC B-lactamases, such as the AmpC of Sematia
marcescens that lacks four amino acids at positions 293 to 296
(22), an AmpC of E. coli that lacks three amino acids at
positions 286 to 283 (13), an AmpC of Enterobacter cloacae
that lacks six amino acids at positions 289 to 294 (6), and an
-AmpC of Enteroacter aerogenes that acquired an L293P substi-
tution (5). Furthermore, Barlow and Hall reported on the in
vitro selection of CMY-2 B-lactamase variants with several
amino acid substitutions, including replacements at positions
292, 293, 294, 296, and 298, which demonstrated increased
resistance to cefepime (4). From our previous molecular mod-
eling analyses (13), it was found that the expansion of an open
space in the vicinity of the R-2 side chain of ceftazidime or
cefepime through the deletion of tripeptides in the H-10 helix
of E. coli AmpC (Fig. 1) played a crucial role in the acquisition
of the greater hydrolyzing activity against those agents possess-
ing a bulky R side chain. Although the actual mechanism for
the higher cefepime-hydrolyzing activity in CMY-19 compared
to that in CMY-9 has not been elucidated, a similar molecular
distortion at the active center of the enzyme might well have
occurred in CMY-19. This speculation would be substantiated
by molecular modeling and X-ray crystallographic analyses.
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Citrobacter koseri is a member of the family Enterobacte-
riaceae. Urinary tract infections caused by C. koseri have
been observed in as many as 12% of all isolates in adults
(1). In compromised hosts, Citrobacter spp. could cause
pneumonitis, empyema (2), biliary infection (3), and bacteremia
(4). Citrobacter spp. were formerly susceptible to oximino-
cephalosporins including cefotaxime (3), but recently, C.
koseri has been reported to have developed resistance to some
cephalosporins and cephamycins through the production
of an inducible chromosomally-encoded cephalosporinase
that can inactivate these agents (5). Most clinically isolated
C. koseri are susceptible to oximinocephalosporins and
carbapenems. Recently, oximinocephalosporin resistance
among Gram-negative bacteria has been developed due to
the hydrolysis of beta-lactams by beta-lactamases including
extended-spectrum beta-lactamases (ESBLs). ESBLs show
variable levels of resistance to cefotaxime, ceftazidime, and
other broad-spectrum cephalosporins and monobactams.
Nosocomial outbreaks due to SHV-4-type ESBL-producing
strains and TEM-type ESBL-producing strains of C. koseri
have already been reported (6,7). We have identified a novel
CTX-M-2-type of ESBL among nosocomially isolated C.
koseri strains, causing a probable outbreak in the hemato-
logical ward.

Sixty-eight strains of C. koseri were isolated from the blood,
urine, feces, sputum, ascites, and pharynx of 31 patients with
a hematological malignancy that had lasted over 18 months
(Figure 1). C. koseri not only colonized but also caused
bacteremia, urinary tract infection, enteritis, and peritonitis.
These strains showed similar antibiotic susceptibility profiles
(Table 1). We collected 5 strains of C. koseri from 4 patients
(Table 2) and used the double-disk synergy test and plasmid
profiling to screen for ESBL-producing strains as reported
previously (8,9). All of the 5 strains harbored a plasmid
mediating the CTX-M-2 type beta-lactamase gene. Epide-
miological study using pulsed-field gel electrophoresis
(PFGE) of total DNA prepared from the 5 strains revealed
patterns that were indistinguishable from each other (Figure
2). The results suggested that the 5 strains characterized
belong to a single epidemic strain.

In general, multiple factors may help to decrease the immu-
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nity of patients with hematological malignancies, including
impairment of phagocytosis, impaired cellular immunity,
and defective production of antibodies. Moreover, intensive
chemotherapies usually induce severe granulocytopenia.
Thus, bacterial infections are a major cause of complications
and death in patients with hematological malignancies.
Recently, two studies (10,11) revealed the efficacy of the
prophylactic use of quinolon by neutropenic patients. As for
febrile neutropenia, empirical antibiotic therapy using cefepime
or cefotaxime has been emphasized (12,13). All 31 patients
in this study had hematological malignancy and underwent
intensive chemoradiotherapy. After that, most of the patients
in our ward were administered prophylactic and therapeutic
systemic antibiotics such as quinolon, cefepime, and cefotaxime,
which might well be associated with the selection of antibiotic-
resistant microorganisms. Unlike other members of the
family Enterobateriaceae, CTX-M-2-producing C. koseri
might survive in a patient’s bowel flora, because of its resist-
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Fig. 1. The number of patients infected and/or colonized with C. koseri.
Bars indicate the number of patients infected and/or colonized per
month with C. koseri, the antibiotic susceptibility of which showed
the same pattern. Case numbers are identical to those in Table 1.
Arrows indicate the duration of each patient’s hospitalization in the
ward. The bald signs on each arrow indicate the samples, from which
C. koseri was isolated. The network-breaking characters indicate the
samples, from which genetically identical strains were isolated in
our study. An infection control team (ICT) intervened in the ward to
resolve the outbreak (see article). B, blood; U, urine; St, stool; Ph,
pharynx.



Table 1. Antibiotics susceptibility profile of
C. koseri isolated in this outbreak

ampicillin >16
ampicillin/ clavulanate 16
piperacillin >64
cefazolin >16
cefotaxime >16
cefotiam >32
ceftazidime >16
cefpirome >16
cefpodoxime proxetil >4
cefeapene pivoxil >1
cefimetazole >32
flomoxef 32
sulbactam/cefoperazone >32
aztoreonam >16
imipenem <]
gentamicin <1
amikacin <1
minomicin 2
levofloxacin >4

MICs were determined by microdiiution method
recommended by NCCLS (currently CLSI) guide-
line with Muller-Hinton broth (Difco, Detroit,
Mich., USA) using MicroScan-kit (Dade Behring,
West Sacramento, Calif., USA).

48.5— L

12 334
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Fig. 2. PFGE analysis of C. koseri strains. Bacterial DNA was extracted,
digested and subjected to PFGE, as previously described (8,9). Lanes
1, 2,3, and 4, were sampled from patients Nos. 1, 2, 3, and 4, respec-
tively. U, B, and S indicate urine, blood, and stool, respectively.

Table 2. Profiles of cases involved in the outbreak

No. Ape/Sex Underlying disease Therapy/Outcome Infection  Sources of C. koseri
1 71/M malignant lymphoma chemotherapy/refractory sepsis Urine
2 61/M adult T-cell leukemia chemotherapy/partial response sepsis Blood
3 25/F acute lymphoblastic leukemia  bone marrow transplantation sepsis Urine, Blood
4 63/F acute lymphoblastic leukemia  chemotherapy/complete remission enteritis Stool

ance to quinolon, cefepime, and cefotaxime. In addition,
urinary tract infections tended to be easily associated with
urinary catheterization in our cases. We speculated that the
situation was as follows. Once C. koseri colonizes in the bladder
or intestine, it will then disseminate into the blood stream
causing severe bacteremia during intensive chemotherapy.
The symptoms of sepsis caused by C. koseri were often very
serious, and could only be cured by appropriate and immediate
administration of carbapenem. However, the use of carbapenem
in high amounts and at high frequency in our ward could
create a grave epidemiological problem.

The number of C. koseri infections increased significantly,
and standard infection control measures were not effective to
stop this outbreak. Therefore, we began to enforce the follow-
ing precautions. We introduced barrier precautions against
not only infected patients but also colonized patients, using
disposable gloves and drapes. Mandatory hand washing was
done immediately before and after any manipulation involved
in the nursing care. Hand hygiene using commercial alco-
holic disinfectant (Welpas; Maruishi Pharmaceutical Co., Ltd.,
Osaka, Japan) was promoted not only for medical workers
but also for patients. As for the environment, the water taps
were converted to the hands-free types, and all doorknobs
and bars for drip injection were sterilized using 70% alcohol
twice daily. We also tried to restrict the prophylactic use of
quinolon for high-risk patients with neutropenia decreasing
under 100/¢L. which was keeping for more than | week.
After these procedures, the incidence of C. koseri isolation
decreased, but this type of infection has not yet been eradi-

cated, as shown in Figure 1. We continue to make an effort to
prevent nosocomial transmission of C. koseri.

In this report, we emphasize the appearance of C. koseri
and its new type of drug resistance. We also warn that it is
quite difficult to control the outbreak of such antimicrobial-
resistant microorganisms in a hematological ward. In the
future, we must pay close attention to the nosocomial spread
of this type of C. koseri, which has demonstrated resistance
to a broad spectrum of cephalosporins, cephamycins, and
carbapenems.

Genetic characterization of beta-lactamase genes were
supported by the grants (H15-Shinko-9 and -10) from the
Ministry of Health, Labour and Welfare, Japan.
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