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Nineteen multidrug-resistant Profeus mirabilis strains were isolated from 19 patients suffering from infec-
tions probably caused by P. mirabilis. These strains were recovered from urine or other urogenital specimens
of 16 inpatients and three outpatients with a hospitalization histery in a urology ward of Funabashi Medical
Center, from July 2001 to August 2002. These strains demonstrated resistance to cefotaxime, ceftriaxone,
cefpodoxime, and aztreonam, while they were highly susceptible to ceftazidime (MIC, =0.5 pg/ml). The
resistance level of these strains to cefotaxime was decreased by the presence of clavulanic acid. Therefore, the
strains were speculated to produce extended-specirum class A B-lactamases. These strains were later found to
carry blacyx .2 genes by both PCR and sequencing analyses. The profiles of Smal-digested genomic DNA of
19 isolates were distinguished into five different clusters by biased sinusoidal field gel electrophoresis. Four of
them, consisting of 18 isolates, were suggested to be a clonal expansion. These ﬁndmgs suggested that a
nosocomial outbreak of infections by CTX-M-2-producing P. mirabilis had occurred in our medical center.
Most patients suffered from urogenital malignancies with long-term catheterization. Cefazolin, cefoperazone-
sulbactam, and/or levofloxacin were mostly administered to the patients, but these agents seemed ineffective for -
eradication of CTX-M-2 producers. Early recognition and rapid identification of colonizing antimicrobial-
resistant bacteria, including CTX-M- 2-producmg P. mirabilis, would be the most effective measures to cope

with farther spread of this kind of hazardous microorganism in clinical environments.

The increasing prevalence of plasmid-mediated extended-
spectrum B-lactamases (ESBLs) in members of the family En-
terobacteriaceae has become a serious clinical problem on a
worldwide scale (8). ESBLs of Ambler’s molecular class A (1)
belonging to Bush’s functional group 2be (10) are capable of
hydrolyzing a wide range of B-lactams, including oxyimino-p-
lactams and monobactam, but usually remain ineffective
against cephamycins such as cefoxitin, cefmetazole, and ce-
fotetan as well as carbapenems. These class A B-lactamases
tend to be blocked by B-lactamase inhibitors such as clavulanic
acid (10). The majority of ESBLs are derivatives of TEM-1,
TEM-2, or SHV-1 enzymes, resulting from a few amino acid
substitutions (10). In contrast to these TEM- and SHV-derived
ESBLs, CTX-M type B-lactamases, which constitute a new
family of class A enzymes, are exclusively active against cefo-
taxime compared to other oxyimino-cephalosporins, including
ceftazidime (39).

More than 30 CTX-M-type B-lactamases have so far been
described in various species of Enterobacteriaceae but mostly in
Salmonella enterica serovar Typhimurium, Escherichia coli, and
Klebsiella pneumoniae since the initial reports of Toho-1-pro-
ducing E. coli in Japan (18) and CTX-M-1/MEN-1 in 1989 in
Germany and France (2, 3). Strains producing other CTX-M
enzymes have been isolated in separate geographic areas, in-
cluding Europe (9, 15, 16, 35, 40), South America (4, 7, 30),
and the Middle and Far East (4, 18, 23, 41). CTX-M-type
f3-lactamases can be classified into four clusters according to

* Corresponding author. Mailing address: Medical Microbiology
Laboratory, Funabashi Medical Center, 1-21-1 Kanasugi, Funabashi,
Chiba 273-8588, Japan. Phone: 81-47- 438-3321. Fax: 81-47-438-7323.
E-mail: naganoyn@d3.dion.ne.jp.
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their amino acid sequences: CTX-M-1-group, with CTX-M-1
(4), -M-3 (16), -M-10 (27), -M-11 (GenBank accession no.
AY005110), -M-12 (21), -M-15 (20), -M-22 (GenBark acces-
sion no. AY080894), and -M-23 (GenBank accession no.
AF488377); CTX-M-2-group, with CTX-M-2 (4), -M-4 (15),
-M-5 (9), -M-6 (14), -M-7 (14), -M-20 (36), -M-24 (GenBank
accession no. AY143430), and Toho-1 (18); CTX-M-8 group
(7); and CTX-M-9 group, with CTX-M-9 (35), -M-13 (12),
-M-14/18 (29), -M-16 (6), -M-19 (32), -M-21 (36), and Toho-2
(23). .

In this paper, we report a nosocomial outbreak of infections
caused by CTX-M-2 B-lactamase-producing Proteus mirabilis
in a urology ward. P. mirabilis is one of the most common
causes of urinary tract infections. Because of the difficulty in
eradicating P. mirabilis species from immunocompromised
hosts (13), this bacterial species is usually considered an im-
portant cause of nosocomial infections (34). Although the
most predominant plasmid-mediated B-lactamases found' in
clinical isolates of P. mirabilis are TEM-derived ESBLs (5, 11,
22, 24, 28, 33), the emergence of CTX-M-type enzymes with
extended substrate specificity has been a serious concern (7,
36). In the present study, we investigated the CTX-M-2-pro-
ducing P. mirabilis strains that caused a nosocomial outbreak in
a urology ward in our medical center.

MATERIALS AND METHODS

Patients and bacterial strains. From July 2001 to August 2002, 19 nondupli-
cated multiresistant P. mirabilis clinical strains were isolated from 19 patients
suffering from infections probably caused by P. mirabilis. These strains were
recovered. from urine or other urogenital specimens of 16 inpatients and three
outpatients with a hospitalization history in a urology ward of Funabashi Medical
Center. This hospital has 426 beds and serves as an acute-care municipal hospital
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CTX-M-2 B-LACTAMASE-PRODUCING PROTEUS MIRABILIS

TABLE 1. Origins of CTX-M-2-producing P. mirabilis isolates and medical records of patients

Date of

5531

Patient  Strain N . Age . . Auntibiotic used within 30 days
no. no.? ((;Sa(;}?r:i)ol;]r) Source (yr)%sex Underlying disease before detection® g
1 1 9/7/01 Operative wound 77/M  Bladder cancer KAN, CFz, CFP-SUL
2 2 24/7/01 Indwelling catheter urine 83/F Bladder stone CDR, CFZ, CFP-SUL
3 3 15/8/01 Indwelling catheter urine  66/M  Prostatic cancer LVX, CFZ, CFP-SUL
4 4 30/8/01 Midstream urine 62/M  Retroperitoneal fibrosis, renal failure LVX, CDR, CFZ, IPM/

CS, CTM-HE
5 5 18/10/01 Indwelling catheter urine  83/M  Bladder cancer LVX, CFZ, CFP-SUL,
. - IPM/CS
6 6 22/10/01 = Indwelling catheter urine  59/M  Bladder cancer LVX, CFZ, CFP-SUL
7 7 29/10/01 Indwelling catheter urine  79/F  Postrenal failure, hydronephrosis LVX, CFZ
8 8 8/11/01 Midstream urine 77/M  Bladder cancer LVX, CFZ, CFP-SUL,
: IPM/CS
9 9 12/11/01  Midstream urine 73/M  Prostatic cancer LVX, CFZ, CFP-SUL,
CDR
10 10 -12/11/01 Catheter urine 70/M  Renal failure, diabetes mellitus IPM/CS, GEN, LVX,
MIN
11 11 19/11/01  Midstream urine 72/ Bladder cancer CFZ, CFP-SUL
12 12 29/11/01  Midstream urine 62/M  Bladder cancer KAN, LVX, CDR, CFZ
13 13 30/11/01  Indwelling catheter urine ~ 44/M  Stomach cancer, hydronephrosis, pyelonephritis CFP-SUL, ISP
14 14 6/12/01 Indwelling catheter urine  83/M  Prostatic cancer CFZ, AMP, CAZ
15 15 30/4/02 Sputum 56/M  Rectal cancer, bladder cancer FMOX, CAZ
16 16 19/6/01 Catheter urine 80/M  Bladder stone LVX
17 17 13/12/01 Indwelling catheter urine  80/F Bladder cancer CFZ, CDR, IPM/CS,
CFP-SUL
18 18 2/8/02 Midstream urine 65/M  Prostatic cancer CFZ, CFP-SUL
19 19 29/8/02 Indwelling catheter urine  59/M  Bladder cancer LVX, CFZ, CFP-SUL

@ Strain no. 16, 17, and 18 were derived from outpatients with a hospitalization history in a urology ward.
5 KAN, kanamycin; CFZ, cefazolin; CFP-SUL, cefoperazone-sulbactam; CDR, cefdinir; LVX, levofioxacin; IPM/CS, imipenem/cilastatin; CTM-HE, cefotiam-
hexetil; GEN, gentamicin; MIN, minocycline; ISP, isepamicin; AMP, ampicillin; CAZ, ceftazidime; FMOX, flomoxef.

for a population of 560,000 in Funabashi City, Chiba, Japan. Tables 1 and 2 show
the clinical background of patients for each isolate and their respective treatment
outcomes. All 19 isolates were suggested to produce inhibitor-susceptible class A
B-lactamase based on-the double-disk synergy test results. Biochemical identifi-
cation of isolates was performed with an NEG Combo 5J panel and Walk-
Away-96 SI System (Dade Behring, Sacramento, Calif.) according to the man-
ufacturer’s instructions. B-Lactamase testing was performed based on
microacidimetry with a commercial product (P/Case Test; Nissui Pharmaceuti-
cal, Tokyo, Japan). Bacterial strains were stored before use in Casitone medium
(Eiken Chemical, Tokyo, Japan) at room temperature.

Antimicrobial susceptibility testing. MICs were determined by a microdilution
broth method with a WalkAway-96 SI System (NEG Combo 5J and NEG MIC
5J panels; Dade Behring) with an inoculum of 10* CFU per well. Susceptibility
categories were determined according to the National Committee for Clinical
Laboratory Standards (NCCLS) criteria (26).

ESBL plus Panel (Dade Behring) with an inoculum of 10* CFU per well was
used complementarily for MIC measurements, with incubation for 18 h at 35°C,
and then assessed visually.

Double-disk synergy test. For screening ESBL-producing strains, the double-
disk synergy test was used. Antimicrobial disks for Mueller-Hinton agar (BBL
Microbiology Systems, Cockeysville, Md.) tests, cefotaxime (30 p.g), ceftazidime
(30 p.g), aztreonam (30 pg), and amoxicillin-clavulanic acid (20 g and 10 pg)
were obtained from Nissui Pharmaceutical. The distance between disks was
adjusted so that synergy could be detected accurately (38).

PCR analysis. A search for blartgy, blasyy, blacrx v blacrxm and
blacrx.m.s genes in clinical isolates was performed by PCR amplification with
the following sets of primers: 5'-CCGTGTCGCCCTTATTCC-3' and 5'-AGG
CACCTATCTCAGCGA-3' for blargy, 5'-ATTTGTCGCTTCITTACTCG
C-3' and 5'-TTTATGGCGTTACCTTTGACC-3’ for blagyy, 5'-CGGTGCTG
AAGAAAAGTG-3' and 5'-TACCCAGCGTCAGATTAC-3' for blacyx-m-1
5'-ACGCTACCCCTGCTATTT-3’ and 5'-CCTTTCCGCCITCTGCTC-3' and
for blacrx.m.2, and 5'-GCAGATAATACGCAGGTG-3' and 5'-CGCCGTGG
TGGTGTCTCT-3 for blacrx. .o Freshly isolated colonies were suspended in
distilled water and adjusted to a 0.5 MacFarland, which was boiled for 10 min.
Supernatant obtained after centrifugation at 13,000 rpm for 5 min was used as
template DNA.

PCRs were carried out in 50-pl volumes containing 5 pl of DNA, 0.5 uM each

primer, 200 pM deoxynucleoside triphosphates, 1.25 U of TaKaRa Ex Tag
(Takara), and PCR buffer (Takara) with the following parameters: initial dena-
turation at 94°C for 2 min, denaturation at 94°C for 1 min, primer annealing at
55°C for 1 min, and extension at 72°C for 1.5 min, repeated for 30 cycles; and a
final extension at 72°C for 5 min.

CTX-M-2-specific PCR and DNA sequencing. Amplification of the blacryx.m.2
gene and flanking regions was carried out with the oligonucleotide primers
M-2-F (5'-TTCGCCGCTCAATGTTA-3') and M-2-R (5'-GCATCAGAAACC
GTGGG-3), corrésponding to nucleotides 22 to 38 and 852 to 868, respectively,
of the structural gene. Plasmid DNA was prepared from each isolate by the Kado
and Liu method (19) and used as templates for PCR analyses. PCRs were
performed as described above. Cycling conditions were denaturation at 94°C for
1 min, annealing at 55°C for 1 min, and extension at 72°C for 1.5 min, repeated
for 30 cycles. PCR-generated amplicons were purified with a QIAquick PCR
Purification Kit {Qiagen Inc., Valencia, Calif.), and sequenced directly on both
strands with a BigDye terminator cycle sequencing ready reaction kit and ABI
3100 DNA sequencer (Applied Biosystems, Foster City, Calif.).

Genomic typing. Chromosomal DNAs from clinical isolates embedded in
agarose gel plugs (InCert; Bio-Whittaker Molecular Applications, Rockland,
Maine) were subjected to treatments with lysozyme and sodium dodecyl sulfate
containing proteinase K, then incubated overnight at 30°C with 12.5 U of Smal
(Takara Shuzo Co., Kyoto, Japan). Plugs were mounted into the wells of a 1%
SeaKem GTG Agarose (Bio-Whittaker) in 50 mM Tris-borate-EDTA buffer (pH
8.4). The biased sinusoidal field gel electrophoresis system (Atto Corp., Tokyo,
Japan) (25), a modified pulsed-field gel electrophoresis technique utilizing a
biased sinusoidal electric field for separation of large DNA molecules, was
employed at 12°C with the field parameters Eb = 1.2 V/cm and Es = 7.3 V/cm.
Lambda DNA ladders (48.5 kb to 1 Mb; Takara) were used as molecular size
markers.

RESULTS

Bacterial strains and clinical features. Multiresistant P,
mirabilis isolates were obtained from 16 inpatients in a urology
ward and three outpatients with a hospitalization history in
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TABLE 2. Treatment outcome for patients with respect to detection of CTX-M-2-producing P. mirabilis isolates

Patient Antibiotic used after isolation of bacteria®

Treatment

b Coisolates”
no. During persistent detection Upon eradication outcome
1 CFP-SUL, FMOX, CFZ Failure S. aureus, Streptococcus agalactiae
2 CDR Failure K. pneumoniae, E. fuecalis
3 CFP-SUL, LVX Indeterminate ND
4 LVX, CDR, CFP-SUL Failure P. acruginosa
5 LVX, CFZ, CFP-SUL, IPM/CS, Failure? MRSA, E. faecalis, P. aeruginosa
ISP, CDR
6 CFP-SUL, FMOX, IPM/CS Indeterminate® E. faecalis
7 LVX TMP, FMOX Eradication ND
8 LVX, TMP, CFPN-PI, GAT Faiture ND
9 CFP-SUL, CDR Failure ND
10 LVX Failure MRSA, §. agalactiae
11 IPM/CS, MIN Indeterminate? ND
12 FMOX, LVX Eradication” Tatumella ptyseos
13 ISP, CFP-SUL CFP-SUL, CAZ Eradication? ND
14 CAZ Failure E. faecalis, S. haemolyticus, E.
cloacae, MRSA
15 FMOX Indeterminate? P. geruginosa, S. aureus, K.
oxyltoca
16 LVX Indeterminate E. faecalis
17 Indeterminate MRSA, Morganella morgannii
18 LVX Indeterminate ND
19 KAN, MTZ, LVX Eradication ND

“ CFP-SUL, cefoperazone-sulbactam; FMOX, flomoxef, CFZ, cefazolin; CDR, cefdinir; LVX, levofloxacin; IPM/CS, imipenem/cilastatin; ISP, isepamicin; TMP,
trimethoprim-sulfamethoxazole; CFPN-PI, cefcapene-pivoxil; GAT, gatifioxacin; MIN, minocycline; CAZ, ceftazidime; KAN, kanamycin; MTZ, metronidazole.

" Indeterminate, lack of necessary information.
¢ ND, not detected; MRSA, methicillin-resistant S. aureus.
Y Died due to underlying disease.

that ward, 44 to 83 years old, 16 males and 3 females, from July
2001 to August 2002 (Table 1). Of 19 nonduplicated isolates, 9
isolates (strains 2, 3, §, 6, 7, 13, 14, 17, and 19) were recovered
from indwelling catheter urine samples, six isolates (strains 4,
8,9, 11, 12, and 18) were from midstream urine samples, two
isolates (strains 10 and 16) from catheter urine samples, one
(strain 1) from an operative wound, and one (strain 15) from
sputum. The common underlying disease was urogenital ma-
lignancies, including bladder cancer in nine patients, prostatic
cancer in four patients, followed in order by renal failure in
three, bladder stone in two, and stomach cancer as well as
pyelonephritis in one patient. Cefazolin and cefoperazone-
sulbactam had been administered most frequently in 12 pa-
tients, and levofloxacin had been prescribed to 11 patients
within 30 days before isolation of the multiresistant P. mirabi-
lis.

Table 2 shows the outcomes of antibiotic therapy for 19
patients after detection of the isolates, in which 12 patients
were traceable for evaluation. Eradication was achieved in four
patients with sulfamethoxazole-trimethoprim and flomoxef for
patient 7, flomoxef and levofloxacin for patient 12, cefopera-
zone-sulbactam and ceftazidime for patient 13, and kanamycin,
metronidazole, and levofloxacin for patient 19. In eight pa-
tients, P. mirabilis isolates were persistently detected despite
the therapy with cefoperazone-sulbactam (patients 1, 4, 5, and
9), flomoxef (patient 1), imipenem/cilastatin (patient 5), and
ceftazidime (patient 14). Treatment outcome could not be
evaluated in seven patients due to lack of bacteriological fol-
low-up in four and death from underlying disease in three
patients. In 11 of 19 patients, other bacterial species were
isolated besides P. mirabilis; Enterococcus faecalis, methicillin-

resistant Staphylococcus aureus, and Pseudomonas aeruginosa
were predominant. Moreover, no ESBL producers were de-
tected among eight bacterial strains belonging to the family
Enterobacteriaceae or P. aeruginosa isolated from 19 patients.

Determination of antibiotic susceptibility. MICs of antimi-
crobial agents for 19 clinical isolates are shown in Table 3.
These isolates showed very similar susceptibility profiles, char-
acterized by elevated MICs of cefotaxime (MICs, >128 pg/ml),
ceftriaxone (MICs, >64 pg/ml), cefpodoxime (MICs, >64 pg/
ml), aztreonam (MICs, 8 to >16 pg/ml), while they were sus-
ceptible to ceftazidime (MICs, =0.5 pg/ml). For all isolates,
the MICs of cefotaxime were decreased drastically to =<0.12
pg/ml in the presence of 4 pg of clavulanic acid per ml,
whereas the MICs of ceftazidime for these strains were not
obviously influenced by the presence of clavulanic acid. The
MIC:s of cefoperazone-sulbactam were 8 to 32 ug/mi. MICs of
other B-lactams, imipenem and melopenem, for the same
strains were 2 pg/ml and =0.5 pg/ml, respectively. There was a
trend towards resistance to gentamicin (MICs, 2 to >8 pg/ml),
minocycline (MICs, >8 pg/ml), and levofloxacin (MICs, 2 to
>4 pg/ml) among the isolates.

B-Lactamase study. The production of B-lactamase was de-
tected by the P/Case test, which can distinguish between pen-
icillinase (benzylpenicillin as the substrate) and cephalospori-
nase (cephaloridine and. clavulanic acid as the substrate).
Penicillinase production was detected in all 19 strains tested.
With the double-disk synergy test, expanded growth-inhibitory
zones indjcative of class A B-lactamase production were ob-
served with cefotaxime, ceftazidime, and aztreonam disks
among all 19 strains (data not shown). MICs of cefotaxime
(>128 pg/ml) decreased dramatically to =0.12 pg/ml in the
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“TABLE 3. Antibiotic susceptibilities of clinical P. mirabilis isolates
presented in Table 1

e MIC (pg/mi)?
i “Antibiotic(s) distribution (no. of
L isolates tested)
Ampicillin >16 (19)
Amoxicillin/CLA 4/2 (19)
Piperacillin >64 (19)
Cefazolin >16 (19)
Cefotiam , >16 (19)
‘Cefoperazone/SUL 8/4 (2), 16/8 (14), 32/16 (3)
Cefotaxime >128 (19)
Cefotaxime/CLA =0.12/4 (19)
Ceftazidime =0.5(19)
Ceftazidime/CLA =0.12/4 (19)
Ceftriaxone >64 (19)
Cefpirome >16 (19)
Cefepime >32(19)
Cefozopran >16 (19)
Cefaclor >16 (19)
Cefpodoxime >64 (19)
Cefoxitin 4(10),8(8),32 (1)
Cefmetazole =4(18),32 (1)
Cefotetan =0.5(19
Flomoxef =1(17),2(2)
Imipenem 2(19)
-Meropenem =05 (19)
Aztreonam 8(2), >16 (17)
Gentamicin 2(4),8(1),>8(14)
Amikacin 4(5).8(14)
‘Minocycline >8(19)
Levofloxacin 2 (1), >4 (18)
. Fosfomycin >16 (19)

.- @ NEG Combo 5] and NEG MIC 5J panels, and ESBL plus Panal were used
for MIC determination. . .

presence of 4 ug of clavulanic acid per mi, suggesting the
production of a CTX-M type class A B-lactamase (Table 2).
PCR and sequencing of bla-py.n., gene. The preliminary
PCR search revealed that all 19 P. mirabilis isolates showed
780-bp amplification products for blacrx... genes, whereas
no amplicons were observed for blargp, blagyy, blacrx p.1, 0T
blacrx.ame The entire coding sequences of the blacryno
.gene and flanking regions were subsequently amplified with
more specific primers for blacrx v M-2-F and M-2-R, and
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sequenced on both strands. The BLAST analysis of the nucle-
otide sequences and the deduced protein sequences showed
that P. mirabilis isolates produced CTX-M-2 group B-lacta-
mase (4)..

Smal-digested genomic DNA profiles. The Smal-digested
genomic DNAs of 19 clinical isolates were classified into five
different clusters (Fig. 1). Thirteen isolates of strains 1, 3, 5, 6,
7,8, 9, 10, 11, 12, 13, 14, and 17 had the same restriction
profiles (pattern I), while the patterns of strains 15, 18, and 19
differed from pattern I in only one band (pattern II). The
patterns of strains 4 (pattern IIT) and 16 (pattern 1V) were
different from each other in three bands and differed in two
bands from pattern I. Therefore, these 18 isolates were clonally
related. The pattern of strain 2 (pattern V) was completely
distinguishable from those of 18 isolates (Fig. 1).

DISCUSSION

ESBL production in P. mirabilis was first documented in
1993 (17), and the increase in clinical prevalence of ESBL-
producing strains has recently been noted in survey studies in
separate geographic areas, including the United States, Eu-
rope, and Asia. The proportion of ESBL-positive isolates has
increased from 0.8% of P. mirabilis isolates in 1991 (17) to
6.9% in 1998 (13) in France. Surveillance studies conducted in
the United States and Italy showed 9.5% and 8.8% ESBL
prevalence among P. mirabilis isolates, respectively (22, 37).
TEM-derived ESBLs showing a wide diversity were the most
predominant among ESBLs (5, 11, 22, 24, 28, 33), but other
enzymes belonging to group 2be (7, 36) have also been ob-
served in P. mirabilis. Because of the production of such di-
verse class A B-lactamases in P. mirabilis, as well as its predi-
lection for the urinary tract, the emergence and proliferation
of multidrug resistant P. mirabilis could pose a threat, espe-
cially in catheterized patients with malignancy as a cause of
subsequent nosocomial infections.

To our knowledge, this is the first report of a nosocomial
outbreak of infections caused by CTX-M-2-producing P. rira-
bilis strains in a Japanese medical institution. Nineteen isolates
found in its urology ward were initially speculated to produce
CTX-M-type class A B-lactamase, since consistent high MICs

Strain no.

M 2345 67 8 9 1011121314 151617 18 19M
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FIG. 1. Profiles of the genomic DNAs of 19 P. mirabilis isolates producing CTX-M-2 B-lactamase after digestion with Smal. See Table 1 for
the origins and backgrounds of the isolates. Lane M, lambda DNA ladder as molecular size markers.
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of cefotaxime, ceftriaxone, cefpodoxime, and aztreonam were
observed for these strains. The drastic reduction in the MICs

of cefotaxime in the presence of clavulanic acid supported this

speculation. Guidelines for screening and confirmatory tests
for ESBL producers have been established by the National
Committee for Clinical Laboratory Standards (26). These
guidelines apply specifically to K. pneumoniae, E. coli, and
Klebsiella oxytoca. However, the incidence of ESBLs producers
has also been increasing in many other genera belonging to the
family Enterobacteriaceae such as Citrobacter, Enterobacter,
Morganella, Proteus, Providencia, Salmonella, Serratia, and
other gram-negative bacilli (8). This is also the case in our
medical center, where nosocomial infection due to ESBL-pro-
ducing Acinetobacter baumannii has recently been identified
(unpublished data).

In our experience, the NCCLS guidelines could be applica-
ble for detection of CTX-M-2 producers among P. mirabilis
that produce no intrinsic AmpC cephalosporinases, although
some modification in the NCCLS criteria might be needed.
This would be of critical importance to be able to detect ESBL
and CTX-M-type B-lactamase producers for effective clinical
management of patients with infections by reliable and appro-
_priate therapeutic options. Thus, accurate monitoring of ESBL
prevalence would be mandatory to promote hospital infection
control procedures. ' . '

The production of ESBL is alternatively confirmed by the
double-disk synergy test, by which a synergistic effect on
growth inhibition is observed with the coexistence of clavulanic
acid and broad-spectrum cephalosporins, including cefo-
taxime, ceftazidime, or aztreonam. This test was also useful to
detect CTX-M-2 production in P. mirabilis strains. The NC-
CLS recommends, however, reporting that Klebsiella spp. and
E. coli strains producing ESBLs may be clinically resistant to
therapy with penicillins, cephalosporins, or aztreonam, despite
apparent in vitro susceptibility to some of these agents. This
recommendation might cause confusion, implying that ceftazi-
dime may be ineffective for treatment of infections caused by
cefotaxime-resistant strains that produce CTX-M-type B-lac-
tamase despite the fact that strains producing only CTX-M-
type P-lactamase seem highly susceptible to ceftazidime.

As a practical matter, eradication of CTX-M-2-producing P.
mirabilis isolates was successfully achieved by therapy with
ceftazidime in patient 13, although combination therapy with
cefoperazone-sulbactam was employed in this case. However,
ceftazidime therapy alone failed to eradicate the organism in
patient 14 (Table 2). There was a difference in treatment reg-
imens between these two cases. Continuous administration of
ceftazidime (1 g/day intravenously) for 8 days was used for
patient 13, while two courses of 3-day-repeated administration
of the same dosage at a 19-day interval was administered to
patient 14. Furthermore, while patient 13 was infected only
with P. mirabilis, patient 14 had polymicrobial inféction with E.
faecalis, Staphylococcus haemolyticus, Enterobacter cloacae, and
methicillin-resistant S. gureus in addition to CTX-M-2-produc-
ing P. mirabilis. This, together with the incomplete antibiotic
therapy, might explain the poor therapeutic response to cefta-
zidime in patient 14. To our knowledge, no clinical evidence
obtained by double-blind clinical trials supporting the ineffec-
tiveness of ceftazidime for infections with CTX-M-type pro-
ducers has been reported. Clinical studies to address this issue
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should be conducted immediately to either corroborate or call
into question the NCCLS recommendation.

Most patients from whom CTX-M-2-producing P. mirabilis
strains were isolated had urological malignancies and long-
term catheterization. All patients had received antibiotic ther-
apy for 30 days before isolation of P. mirabilis, in which cefa-
zolin, cefoperazone-sulbactam, and/or levofloxacin had been
most frequently administered. Among the antibiotics used af-
ter detection of the organisms, cefoperazone-sulbactam, imi-
penem/cilastatin, and flomoxef showed low MICs. However,
eradication with cefoperazone-sulbactam was noted in only
one (patient 13) of five patients, and it was ineffective in com-
bination with isepamicin. Since CTX-M-type enzymes can hy-
drolyze cefoperazone and tend to be hardly blocked by sulbac-
tam, CTX-M producers usually demonstrate insusceptibility or
resistance to the combination of cefoperazone-sulbactam (41).
Thus, random or uniform prescription of cefoperazone-sulbac-
tam may induce nosocomial spread of gram-negative bacilli
which produce CTX-M-type enzymes.

Actually, 12 of 19 patients were prescribed cefoperazone-
sulbactam prior to the isolation of CTX-M-2-producing P.
mirabilis. The imipenem/cilastatin used in one patient (patient
5) proved in ineffective. Flomoxef was used in three patients
(patients 1, 7, and 12), and eradication was achieved in the
latter two cases. Levofloxacin, which tends to be preferentially
used in urinary tract infections in Japan, showed high MICs for
P. mirabilis isolates and seemed ineffective for most of the
eight patients for whom it was used. These findings suggest
difficulties in eradication of CTX-M-2-producing P. mirabilis
strains even with antibiotics with low MICs. The biofilm-form-
ing ability of bacteria, including P. mirabilis, on urinary cathe-
ters may be one reason for the failure to eradicate the organ-
isms. ,

The restriction profiles of genomic DNAs from 19 P. mira-
bilis isolates shared concordant patterns (pattern I) among 13
isolates (strains 1, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 17),
suggesting a clonal expansion of CTX-M-2 producers. More-
over, a clonal relatedness among five isolates (strains 15, 18,
19, 4, and 16 corresponding to patterns 11, 111, and IV) was also
indicated. These five strains presumably relate to the previous
13 strains with pattern 1. However, the pattern of strain num-
ber 2 (pattern V) was apparently distinct from those of the
other 18 jsolates classified as patterns I, II, ITI, and IV. These
findings suggested that a nosocomial outbreak of 18 clonally
related isolates and one isolate subjected to a different genetic
lineage had occurred in a certain ward carrying the same CTX-
M-2 B-lactamase determinant.

The Dienes test, which visualizes a unique feature of the
swarming ability of P. mirabilis, has been utilized for an epi-
demiologic typing method (31), which we adopted in the
present study for initial epidemiologic characterization of iso-
lates. The 16 isolates demonstrating pattern I or II were indis-
tinguishable and formed one Dienes type, whereas one isolate
with patterns III and one isolate with pattern V formed inde-
pendent Dienes type. Furthermore, one isolate subjected to
pattern IV showed less than detectable swarming ability (data
not shown). While the Dienes test was indeed partially appli-
cable for typing of P. mirabilis, the biased sinusoidal field gel
electrophoresis employed in this study was much more useful
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for the epidemiological analyses, although it requires skill and
involves somewhat complicated procedures.

Infection control at the initial stage of the outbreak was
difficult due to frequent patient transfers within the urology
ward. Eventually, the outbreak was successfully brought under
control by intensive surveillance, improvement of facilities in-
cluding disinfection equipment, prudent use of antibiotics, and
due precautions to prevent contact transmission of microor-
ganisms. The most effective measures to prevent the further
spread of CTX-M-2 B-lactamase-producing P. mirabilis were
rapid identification of colonization status of such bacteria
among all immunocompromised patients with severe urologi-
cal disorders by periodic urine culturing at admission and
once-per-week follow-up testing with informed consent.

In our medical center, first- and third-generation cephalo-
sporins have been preferentially used as first-line drugs. Car-
bapenems and penicillins as well as first- and third-generation
cephalosporins have accounted for the great majority. These
antibiotics might well provide selective pressure for prolifera-
tion of the CTX-M-2 producers. Early recognition of bacterial
strainis possessing antimicrobial resistance would contribute to
an appropriate antibiotic treatment regimen that would be
essential for prevention of nosocomial infections.
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‘Escherichia coli Producing CTX-M-2
~ p-Lactamase in Cattle, Japan

Yutaka Shiraki,* Naohiro Shibata,T Yohei Doi,T and Yoshichika Arakawat

. From November 2000 to June 2001, Escherichia coli
strains producing CTX-M-2 p-lactamase were isolated from
6 (1.5%) of 396 cattle fecal samples and 2 (0.7%) of 270
surface swabs of caftle carcasses in Japan. The blacrx.m-2
gene responsible for CTX-M-2 production was encoded on
transferable plasmids, and the gene was transferred to E.
coli CSH2 with a very high frequency (2 x 10+ to 6 x 10
per donor cells) by conjugation. Random amplified poly-
morphic DNA analysis of nine isolates showed at least five
different patterns. These findings suggest that CTX-M-2
producers might have originated from cattle through the
use of cephalosporins such as ceftiofur and that cattle
could be a reservoir of CTX-M-2—producing E. coli.
Continuous and strategic surveillance of antimicrobial-
resistant bacteria in livestock is essential to suppress fur-
ther dissemination of these bacteria into society at large.

hortly after a variety of expanded-spectrum
D cephalosporins were introduced in the 1980s, bacterial
strains producing extended-spectrum B-lactamases
(ESBLs), such as TEM- or SHV-derived ESBLs, emerged
in Europe (1), and since then, their variants have been pro-
liferating around the world (2,3). More recently, CTX-M-
type B-lactamases, a small but growing family of broad-
spectrum class A B-lactamases, were initially discovered as
MEN-1 (EMBL accession no. X92506) and also later
found as Toho-1 in Japan in 1993 (4). Since the early
1990s, these B-lactamases have been identified in various
bacterial  species  belonging to the family
Enterobacteriaceae (5). Several questions regarding the
origin and mode of proliferation of the CTX-M-type B-lac-
tamases are unclear. Unlike TEM- and SHV-derived ESBL
producers, the CTX-M-type B-lactamase producers have
been incidentally and sporadically detected as single clini-
cal isolates from patients with urinary tract infections and
the like (6,7) over an extensive geographic area, including
Europe, South America, and the Middle and Far East. The
cause of this global distribution is not well known (5,8).

*Gifu Prefectural Office of Meat Inspection, Gifu,lJapan; and
tNational Institute of Infectious Diseases, Tokyo, Japan

Moreover, derivation of the CTX-M-type enzymes or the
prototype of this enzyme with its narrow spectrum remains
unknown (9-12).

In Japan, clinical isolation of the TEM- or SHV-derived
ESBL producers is still rare (13,14); Escherichia coli
strains producing CTX-M-2 B-lactamase, one of the CTX-
M family, have been predominantly isolated to date (13).
On the other hand, clinical isolates producing IMP-1 type
metallo-B-lactamase, which show resistance to carbapen-
ems and cephamycins as well as various expanded-spec-
trum cephalosporins, have been identified in Japan (15),
and the proliferation of these strains has become a clinical
concern (16). As for the disproportionately low isolation
rate of the TEM- or SHV-derived ESBL producers in
Japan, carbapenems and cephamycins, whose use has been
restricted in many Western countries, have been preferen-
tially used as first-line drugs in Japan (13,15). This prac-
tice makes it more plausible that TEM- or SHV-derived
ESBL producers would be rarely isolated and that metallo-
fB-lactamases would be isolated often in Japan. However, it
1s not easy to explain the predominant isolation of E. coli-
producing CTX-M-2 B-lactamase that is usually suscepti-
ble to carbapenems and cephamycins like TEM- or SHV-
derived ESBL producers. In addition, since CTX-M-2 [3-
lactamase producers tend to be 1solated from patients who
have neither received antimicrobial drugs nor been hospi-
talized, the existence of healthy carriers of CTX-M-2 pro-
ducers was suspected (17,18). Still, one cannot assume
healthy carriers exist on the basis of the low isolation rate
of strains producing broad-spectrum class A -lactamases
in Japan.

One hypothesis to address these issues is that CTX-M-
2 might have emerged elsewhere than in humans and that
the enzyme might have originated in livestock. Recently, a
global threat developed because certain antimicrobial-
resistant bacteria, such as vancomycin-resistant enterococ-
ci (19), Salmonella enterica Typhimurium DT104 (20) and
fluoroquinolone-resistant Campylobacter jejuni and C.
coli (21) emerged in food animals possibly through the use
of antimicrobial drugs for growth promotion or disease
treatment. However, few reports have been published
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about strains in animals producing ESBLs or CMY-type
cephamycinases, which confer resistance to expanded-
spectrum cephalosporins (22,23), and no CTX-M-type B-
lactamase producer has been isolated from animals.
Therefore, to examine this hypothesis, we conducted a
study to isolate any strains producing extended-spectrum
class A B-lactamases from cattle at Japanese slaughter-
houses.

Materials and Methods

Sampling and Bacterial Culture

From November 2000 to June 2001, a total of 396 fecal
samples of cattle and surface swabs of 270 cattle carcass-
es were collected at two slaughterhouses in Gifu
Prefecture, Japan. ESBL screening agar plates (17), which
were prepared using BTB Lactose agar (Nissui
Pharmaceutical Co., Tokyo, Ltd., Japan) containing 2
pug/mL of cefotaxime (Chugai Pharmaceutical Co., Ltd.,
Tokyo, Japan) and 8 pg/ml of vancomycin (Shionogi &
Co., Ltd., Osaka, Japan), were used to isolate gram-nega-
tive enterobacteria that produce broad-spectrum class A -
lactamases. One swab was used to sample each cattle
feces, and two swabs were used for each cattle carcass. For
sampling of the cattle feces, a swab was inserted into the
core of-a lump. of feces. When several cattle were kept in
the same enclosure, a direct rectal swab was sampled from
each of the cattle. Shoulder and rump were swabbed sepa-
rately in each cattle carcass; the size of the swabbed area
was approximately 20 x 20-square centimeters for each
swab. Swabs of feces were plated directly on the screening
agar. Swabs of carcasses were suspended in a 10-mL
Trypticase soy broth (Nissui Pharmaceutical Co.) contain-
ing 2 pug/mL of cefotaxime and 8 pg/mL of vancomycin,
and then plated on the screening agar. The remaining
Trypticase soy broth with bacteria was further incubated
overnight. A swab of bacterial culture was then plated on
the screening agar. Colonies suspected to be enterobacteria
were isolated and identified by using the API 20E system
(bioMérieux, Marcy I’Etoile, France). E. coli isolates were
serotyped with a slide agglutination kit (Denka Seiken Co.,
Ltd., Tokyo, Japan) and were screened for genes of viru-
lence factors, including Shiga toxins and E. coli attaching
and effacing factor by polymerase chain reaction (PCR)
(24).

Detection of -Lactamases

The acidmetric B-lactamase test was performed by
using P/Case TEST (Showa Yakuhin Kako Co., Ltd.,
Tokyo, Japan) to detect $-lactamase production in the iso-
lates. According to the manufacturer’s instructions, the
colonies were spread on two indicator disks, containing
benzylpenicillin and cephaloridine with clavulanic acid,

.respectively. When the strain produces class A B-lacta-

mases, including TEM- or SHV-derived ESBLs, or CTX-
M-type enzymes, the color of a disk containing ben-
zylpenicillin turns yellow. The other disk, containing
cephaloridine with clavulanic acid, remains purple because
hydrolysis of cephaloridine by the class A B-lactamases is
blocked in the presence of clavulanic acid. If the strain
produces class C or class B P-lactamases, both disks turn
yellow because these enzymes are no longer blocked by
clavulanic acid. The isolates suggested to produce extend-
ed-spectrum class A B-lactamase were further investigated
to determine whether they produced ESBLs by the double-
disk diffusion test (25), using two Kirby-Bauer disks
(Eiken Chemical Co., Ltd., Tokyo, Japan). A swab of bac-
terial culture (approximately 106 CFU/mL) to be tested
was spread on a Mueller-Hinton agar plate (Eiken
Chemical Co.), and one disk containing cefotaxime, cef-
tazidime, ceftriaxone, cefpodoxime, aztreonam, or
cefepime was put on the plate. The other disk, containing
amoxicillin+clavulanic acid, was also placed alongside the
first disk (center-to-center distance of approximately 3
cm), and the agar plate was then incubated for 18 hours.
When an expansion of the inhibitory zone between the two
disks was observed, the isolates were speculated to pro-
duce ESBL.

Conjugation and Plasmid Profiles

Conjugation experiments were performed by using E.
coli CSH2 as a recipient, as previously described (17). A
mixture of donor and recipient strains was incubated in
Luria-Bertani broth (Difco Laboratories, Detroit, MI) at
37°C for 18 hours. Transconjugants were selected by using
BTB Lactose agar plates supplemented with 100 pg/mL of
rifampicin (Daiichi Pharmaceutical Co., Ltd., Tokyo,
Japan) and 2 pg/mL of cefotaxime to inhibit the growth of
the donor strain and the recipient strain, respectively.
Frequency of transfer was calculated by dividing the num-
ber of transconjugants by the number of donors. Plasmid
DNA was prepared from the isolates and their transconju-
gants by using Quantum Prep Plasmid Miniprep Kit (Bio-
Rad Laboratories, Richmond, CA), according to the man-
ufacturer’s instructions. After agarose gel electrophoresis,
the sizes of the plasmids were determined by comparing
their migration distances with those of plasmids of known
sizes.

Susceptibility Testing

MICs were determined by overnight broth-microdilu-
tion method using MicroScan ESBL Confirmation Panel
(Dade Behring, Sacramento, CA). This panel was designed
to detect ESBL producers in accordance with the National
Committee for Clinical Laboratory. Standards (NCCLS)
document M100-89 (26). The MIC of ceftiofur (Pharmacia

70 Emerging Infectious Diseases - www.cdc.gov/eid » Vol. 10, No. 1, January 2004

—412—



Co., Kalamazoo, MI), an expanded-spectrum
cephalosporin often used in veterinary medicine, was also
determined by the broth-microdilution method in accor-
dance with NCCLS document M7-A4 (27). E. coli ATCC
25922 and Pseudomonas aeruginosa ATCC 27853 were
used as quality-control strains.

PCR and DNA Sequencing

To determine the genotype of strains producing broad-
spectrum class A B-lactamases, PCR was performed by
using primers specific to TEM, SHV (13), CTX-M-1
(MEN-1) (28), CTX-M-2 (29), and CTX-M-9 (8) genes.
The PCR products were sequenced by using a BigDye
Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA) with the same
primers for PCR. The DNA sequences were analyzed in an
ABI PRISM 377 XL Sequencer Analyzer (Applied
Biosystems).

RAPD Analysis

Random amplified polymorphic DNA (RAPD) analysis
was performed by using Ready-To-Go RAPD analysis
beads (Amersham Pharmacia Biotech, Piscataway, NJ),
according to the manufacturer’s instructions. DNA was
prepared from the isolates using InstaGene DNA
Purification Matrix (Bio-Rad Laboratories), also according
to the manufacturer’s instructions. The reaction mixture
contained 25 pmol of one of six RAPD analysis primers
(Amersham Pharmacia Biotech) and 10 pL of DNA prepa-
ration in a final volume of 25 pl. Amplification was per-
formed with initial denaturation at 95°C for 5 minutes, fol-
lowed by 45 cycles of 1 minute at 95°C, 1 minute at 36°C,
and 2 minutes at 72°C. The amplified products were sepa-
rated by electrophoresis in 1.5% agarose gel. The finger-
prints were compared visually, and patterns were consid-
ered different when they differed by at least one amplifica-
tion band.

Results

Identification of B-Lactamases

Of 396 fecal samples of cattle, 104 (26.3%) samples
gave colonies on the ESBL screening agar. Among the
strains grown on the screening agar, 32 strains of E. col
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and 2 strains of Citrobacter koseri were positive through
the P/Case TEST for production of penicillinase,
cephalosporinase, or both (Table 1). The double-disk diffu-
sion test was performed on 28 strains that were speculated
to produce penicillinase; 7 strains isolated from 6 (1.5%)
of 396 fecal samples were positive. However, two strains,
(GS553 and GS554, which produced cephalosporinase and
penicillinase, showed a clear expansion of the inhibitory
zone only when a disk of cefepime, a better detection agent
for ESBLs in the presence of an AmpC B-lactamase (30),
was used. By a PCR analysis with a set of PCR primers
specific for blactxm., 8 900-bp fragment was amplified
from the seven strains that were positive in the double-disk
diffusion test (Table 1). However, since CTX-M-2 and
Toho-1 have only one amino acid substitution, genes for
blacrxm. and blaroye. were indistinguishable by the PCR.
DNA sequencing of the PCR products subsequently
showed that all were 100% identical with the blactxam2
reported (31). Similarly, two strains isolated from 2 (0.7%)
of 270 surface swab samples of cattle carcasses were pos-
itive in the double-disk diffusion test and possessed blacrx.
M-2 (Table ])

Although all 9 isolates producing CTX-M-2 f-lacta-
mase were E. coli, their serotype of O antigen could not be
defined with 43 commercially available antisera that were
representative serotypes of pathogenic E. coli. Moreover,
genes of virulence factors described previously were not
detected from the strains by PCR.

Antimicrobial Susceptibility Testing

The susceptibilities of two representative isolates,
GS528 and GS554, and their transconjugants are shown in
Table 2. All the isolates were resistant to piperacillin, cefo-
taxime, ceftriaxone, cefpodoxime, cefepime, and aztreon-
am, and more resistant to cefotaxime than to ceftazidime.
Except for strains GS553 and GS554, the PB-lactamase
inhibitor clavulanic acid (fixed concentration of 4 pg/mL)
reduced MICs of cefotaxime and ceftazidime by >21%- and
>24-fold, respectively. These susceptibility profiles of the
isolates were similar to those observed for strains that pro-
duced CTX-M-2 P-lactamase (31). Both GS553 and
(GS554 strains, which produced cephalosporinase as well
as penicillinase, were resistant to cefotetan, cefmetazole,
and cefoxitin as well as piperacillin, cefotaxime, ceftriax-

Table 1. Number of B-lactamase producers isolated from cattle?

Acidmetric B-lactamase test

Sample (no.) Species Total PC PCandCS CS PCR typing
Feces (396) Escherichia coli 32 7 19 6 7 (CTX-M-2)
Citrobacter koseri 2 2 0 0 0
Swab” (270) E. coli 5 2 1 2 (CTX-M-2)
C. freundii 1 0 0 0
*pC, penicillinase; CS, cephalosporinase; PCR, polymerase chain reaction.
bSwab, surface swab of cattle carcass.
Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 10, No. 1, January 2004 71
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Table 2. MICs of B-lactams for Escherichia coli strains isolated from

cattle, transconjugants, and recipients®

MIC (ug/mL) for £. coli strain:

Antimicrobial drug (GS528 CSH2 trGS528 GS554 CSH2 trGS554 CSH2
Piperacillin >64 >64 >64 >64 <16
Cefotaxime >128 >128 >128 >128 <0.5
Cefotaxime + CLA® <0.12 <0.12 32 32 <0.12
Ceftazidime 2 4 32 32 <0.5
Ceftazidime + CLA <0.12 <0.12 16 32 <0.12
Aztreonam >64 64 >64 64 <05
Ceftriaxone >64 >64 >64 >64 <0.5
Cefpodoxime >64 >64 >64 >64 <0.5
Cefepime >32 >32 >32 >32 <1
Cefotetan <0.5 <0.5 >32 >32 <0.5
Cefmetazole 1 1 >16 >16 1
Cefoxitin <2 <2 >32 >32 <2
Meropenem <0.5 <0.5 8 4 <0.5
Ceftiofur >1,024 >1,024 >1,024 >1,024 <0.25

*E. coli CSH2 trGS528 and trGS554 were transconjugants of E. coli GS528 and GS554, respectively.

°CLA, clavulanic acid at a fixed concentration of 4 g/mL.

one, cefpodoxime, cefepime, and aztreonam. In addition,
clavulanic acid hardly reduced the resistance levels of
these two strains to cefotaxime and ceftazidime. These
results, together with those obtained through the double-
disk diffusion test, suggested that both GS553 and GS554
strains produced putative AmpC B-lactamase at high levels
as well as the CTX-M-2 B-lactamase. All the isolates pro-
ducing CTX-M-2 B-lactamase were highly resistant to cef-
tiofur (MIC >1,024 pg/mL).

Plasmid and RAPD Analysis

Conjugation experiments indicated that all the isolates
were able to transfer their cefotaxime resistance to the
recipient and that the resistance to cephamycins observed in
both strains GS553 and GS554 was also transferred to the
transconjugant. All transconjugants produced the same [-
lactamase(s) of their donor strains, and susceptibility pro-
files of the transconjugants were also similar to those of
donor strains (Table 2). These results demonstrated that
blacrxa2 genes of the isolates might be encoded on trans-
ferable plasmids. The frequency of transfer was very high

(2 x 10*to 6 x 10! per donor cells) (Table 3). Plasmid pro-
files of the isolates showed one to three large plasmids with
five different patterns in each strain, while an approximate-
ly 33-MDa plasmid was common among all the strains.
Approximately 33-MDa and 50-MDa plasmids were both
transferred to recipient cells in all the strains (Table 3).
RAPD analysis of a total of nine isolates gave at least five
different patterns (Figure, Table 3). Although strains GS553
and GS554 were isolated from the same fecal sample, they
differed in RAPD pattern and plasmid profile.

Discussion v

We investigated the cause of the disproportionate emer-
gence of CTX-M-2 B-lactamase and so-called ESBLs,
including TEM- or SHV-derived enzymes, in Japan. We
isolated E. coli strains producing CTX-M-2 B-lactamase
from 6 (1.5%) of 396 fecal samples from cattle and 2
(0.7%) of 270 surface swabs of cattle carcasses. Negative
results, however, do not necessarily mean the organisms
are absent on the slaughterhouse carcasses because of the
limited size of the overall swabbed surface area.

Table 3. Characteristics of CTX-M-2 B-lactamase—producing Escherichia coli isolated from cattle®

Transferred Frequency

Strain Source B-lactamase® Plasmid profile (MDa) plasmid (MDa) of transfer RAPD pattern
GS528 Feces 1 PC 33, 50, 86 33,50 6x10* A
GS542 Feces 2 PC 33, 50, 86 33,50 2x10* A
GS547 Feces 3 PC 33, 50, 86 33,50 3x10* A
GS553 Feces 4 PC and CS 33, 50, 61 33,50 3x 107 B
GS554 Feces 4 PC and CS 33,50 33, 50 2x 10" C
GS721 Feces 5 PC 33 33 9 x 107 D
GS733 Feces 6 PC 33 33 2x10" D
GS631 Swab®1 PC 33, 86 33 5x 107 E .
GS671 Swab 2 PC 33,86 33 6 x 10" E

*PC, penicillinase; CS, cephalosporinase; RAPD, random amplified polymorphic DNA.

°B-lactamases were detected by acidmetric B-lactamase test,
“Swab, surface swab of cattle carcass.
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RAPD pattern
A B C D E

M 1 2 3 4 5 6 17 8 9 M

Figure. Random amplified polymorphic DNA (RAPD) patterns of
CTX-M-2 B-lactamase-producing Escherichia coli isolated from
cattle. Lanes M, 100-bp DNA ladder; lanes 1-9, strains GS528,
GS542, GS547, GS553, GS554, GS721, GS733, GS631, and
GS671, respectively. Five RAPD patterns, A to E, were produced
with RAPD analysis primer 4 (Amersham Pharmacia Biotech,
Piscataway, NJ).

Our findings raised a complex question: Did CTX-M-2
B-lactamase producers initially emerge in cattle or
humans? We assume they emerged from cattle. Indeed, we
found no direct evidence of transmission of E. coli strains
producing CTX-M-2 B-lactamase from cattle to humans,
but our results strongly suggested that transmission of the
CTX-M-2-producing microorganism might have occurred
between cattle and humans. This speculation is supported
by the fact that CTX-M-2 B-lactamase-producers isolated
from humans in Japan are identified predominantly as E.
coli, as was observed in Japanese cattle. According to the
survey of ESBLs in human clinical isolates in Japan, Toho-
-type B-lactamase was the most prevalent, and half of the
Toho-1-type [B-lactamase producers were E. coli (13).
Moreover, the Toho-1-type (-lactamases reported in sever-
al studies in Japan were later found to be CTX-M-2 by
PCR and sequencing analyses. Furthermore, according to
the survey of ESBL producers in human stool specimens
reported recently in Japan, Toho-1-type B-lactamase—pro-
ducing enterobacteria were isolated from 2 (0.5%) of 366
specimens (17). Since the survey samples were from 231
inpatients and 135 outpatients with diarrhea, the rate of
CTX-M-2 producers in healthy humans in Japan is esti-
mated to be <0.5%. Indeed, by chi-square analysis, the iso-
lation rate (1.5%) of CTX-M-2 producers in cattle feces
obtained in our study showed no statistically significant
difference from that of ESBL producers in human cases
reported previously in Japan (17). However, we speculate
that CTX-M-2 producers found in cattle have something to
do with those from humans. Many reports substantiate that
bacteria can be transmitted from food-producing animals
to humans through the food chain, and we found that the
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surface of cattle carcasses was stained with the CTX-M-
2-producing bacteria. Our speculation is also supported by
the fact that TEM- or SHV-derived ESBLs have not been
detected from livestock so far even in Western countries,
where they have been widely detected with a high frequen-
cy in various medical institutions. In other words, if trans-
mission of ESBL producers from human to cattle can
occur with some frequency, several TEM- or SHV-derived
ESBL producers would be isolated also from -cattle.
However, no such finding has been reported evén in
Western countries. Thus, prospective investigations should
be conducted to understand the current status of E. coli
strains that produce CTX-M-enzymes in livestock, espe-
cially in those countries where CTX-M-enzymes have
been found in humans.

Recently, SHV-12 B-lactamase—producing E. coli was
isolated from a dog with recurrent urinary tract infections
(22). The origin of the isolate, however, was not known
since the treatment with expanded-spectrum
cephalosporins was not been recorded. In livestock,
although penicillinases such as TEM-1 and TEM-2 have
been identified from cattle (23,32-34), pigs (35), and poul-
try (36), isolation of ESBL producers has not been report-
ed. On the other hand, ceftriaxone-resistant Salmonella
isolates, which produce plasmid-mediated AmpC-type B-
lactamase such as CMY-2, are proliferating globally (37).
Ceftriaxone-resistant Salmonella and E. coli strains have
been also isolated from cattle recently in the United States
(23,32,33,35). These findings suggest that cattle can serve
as an incubator or reservoir of these antimicrobial drug-
resistant bacteria. The authors of the U.S. studies suggest-
ed that the emergence of the AmpC-mediated
cephalosporin resistance may have been a consequence of
the use of ceftiofur, the only cephalosporin approved for
systemic use. in food animals in the United States
(23,32,35). Dunne et al. support this hypothesis, indicating
that the use of ceftiofur in cattle may have contributed to
the emergence of the ceftriaxone-resistant Salmonella
because the isolate shows cross-resistance between ceftio-
fur and ceftriaxone (33). In our study, all the isolates pro-
ducing CTX-M-2 B-lactamase were also highly resistant to
ceftiofur. What antimicrobial agents had been used at
Japanese cattle farms where the CTX-M-2 producers were
isolated is not well known, since the samples were collect-
ed at slaughterhouses. However, ceftiofur was the only
expanded-spectrum cephalosporin approved for livestock
in Japan when our study was conducted. In addition, the
MIC (>1,024 ug/mL) of ceftiofur for CTX-M-2 producers
isolated in this study was relatively higher than those (2 to
>32 pg/mL) for TEM- or SHV-derived ESBL producers
(38) that have been emerging in so many humans. Thus,
the emergence of CTX-M-2 f-lactamase~producing E.
coli in Japan might also be a consequence of the use of cef-
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