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A novel gene, bla,yy,, encoding a metallo-B-lactamase, KHM-1, was cloned from a clinical isolate of
Citrobacter freundii resistant to most B-lactam antibiotics. Escherichia coli expressing blay ., Was resistant to
all broad-spectrum B-lactams except for monobactams and showed reduced susceptibility to carbapenems.
Recombinant KHM-1 exhibited EDTA-inhibitable hydrolytic activity against most B-lactams, with an overall

preference for cephalosporins.

Acquired metallo-B-lactamases (MBLs) produced by gram-
negative bacteria, including Pseudomonas aeruginosa, Acineto-
bacter spp., and several enterobacteria, confer resistance to all
B-lactams except the monobactams (2). Acquired MBLs are
categorized on the basis of amino acid sequences into various
types (2, 23). The IMP- and VIM-type enzymes are the most
common and are found worldwide (2, 8, 23). Recently, four
additional types, SPM, GIM, SIM, and AIM, have been found
in Brazil (21), Germany (3), Korea (11), and Australia (24),
respectively. We report here on the detection of a novel ac-
quired MBL in a clinical isolate of Citrobacter freundii identi-
fied in Japan.

C. freundii strain KXIM243 was isolated in 1997 from a pa-
tient with catheter-associated urinary tract infection at Kyorin
University Hospital (Tokyo, Japan). Escherichia coli K-12
strain W1895 was used as the recipient in conjugation experi-
ments. E. coli JM109 (Takara Bio, Shiga, Japan) was used as
the host for recombinant plasmids. Plasmid pHSG396 (Takara
Bio) was used for the cloning of blay,., fragments.

Susceptibility to B-lactams was determined by the microdi-
lution method (4). The production of MBL was detected by a
double-disk synergy test with disks containing sodium mercap-
toacetic acid (MBL production test; Eiken Chemical Co. Ltd.,
Tokyo, Japan), as described by Arakawa et al. (1).

The transfer of resistance by conjugation was analyzed as
described previously (7). E. coli transconjugants were selected
on Penassay broth agar (antibiotic medium no. 3; Becton Dick-
inson, Franklin Lakes, NJ) containing rifampin (200 pg/ml;
Wako Pure Chemical Industries, Ltd., Osaka, Japan) and
moxalactam (16 pg/mi; Shionogi & Co., Ltd., Osaka, Japan).
Plasmid DNA was extracted by an alkaline lysis procedure (9).
Plasmid R100 (94.5 kb) (13) from E. coli CSH2, plasmid R478
(275 kb) (6) from E. coli J53, and three cryptic plasmids (200,
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ology, Kyorin University School of Health Sciences, 476 Miyashita-
cho, Hachioji, Tokyo 192-8508, Japan. Phone: (81) 42 691 0011, ext.
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60, and 2.4 kb) from Salmonella enterica serovar Enteritidis
L119 (15) were used as molecular size markers.

PCR analysis specific for class 1 integrons was performed as
described previously (12). DNA sequences flanking blay .,
were determined by inverse PCR (16). Briefly, plasmid DNA
extracted from E. coli transconjugant W1895(pCF243) was di-
gested with EcoRV or Xspl (Takara Bio). Seif-ligated digests
were used as the template for an inverse PCR. The upstream
and downstream flanking regions of blay g, were amplified
by inverse PCR with two sets of primers: primers 5'-CGATA
TAACAAGAGCTATTITTCAT-3' and 5'-GGTATGCGCTG
ACGATTC-3' for the upstream region and primers 5'-GGTG
TACAGATAAACGCCG-3' and 5'-TTTATTTGGTGGCTG
TTTTGTC-3' for the downstream region.

The KHM-1 MBL from E. coli IM109(pKHM-1) was puri-
fied with HiTrap Q HP and Superdex 200 columns (GE
Healthcare Bio-Sciences KK, Tokyo, Japan), as described by
Franceschini et al. (5). During the purification procedure, the
presence of B-lactamase activity was monitored with 100 pM
nitrocefin (Oxoid Ltd., Basingstoke, United Kingdom). The
protein concentration was determined with a bicinchoninic
acid protein assay kit (Pierce, Rockford, IL). Kinetic analysis
was carried out in 50 mM phosphate buffer (pH 7.0) at 25°C
with a UV-visible spectrophotometer (V-530; Jasco, Tokyo,
Japan). The K,, and k., values and the k_,/K,, ratio were
determined by analyzing B-lactam hydrolysis under initial-rate
conditions by use of the Lineweaver-Burk plot.

Antibiotic susceptibility testing showed that C. freundii
KHM?243 was resistant to most B-lactams and showed reduced
susceptibility to carbapenems (Table 1). However, KHM243
was susceptible to monobactams (carumonam and aztreonam).
The isolate was positive by the MBL production test (data not
shown).

C. freundii KHM?243 has two plasmids, one of approximately
70 kb and one of approximately 200 kb. A conjugation exper-
iment was done with KHM?243 and E. coli W1895. W1895
transconjugants that were resistant to B-lactams and that con-
tained a 200-kb plasmid, designated pCF243, were obtained.
The transconjugant exhibited a profile of susceptibility to
B-lactams similar to that of KHM?243, although the MICs for
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TABLE 1. MICs of B-lactams for C. freundii KHM?243, E. coli
W1895(pCF243) transconjugant, E. coli IM109(pKHM-1)
expressing the KHM-1 MBL, and E. coli
host strains

MIC (pg/mi)
Antibiotic(s)* . E. coli . E. coli X
Clundi wigs Bl i Kl
(pCF243)% (pKHM-1)°
Ampicillin 256 64 8 16 1
Arpicillin- 64 64 1 16 0.5
sulbactam
Ticarcillin >512 >512 2 512 2
Ticarcillin-clavulanic 512 >512 4 512 2
acid

Piperacillin 4 16 2 4 0.25
Cephaloridine 512 128 2 64 1
Cefuroxime >512 >512 2 >512 8
Ceftazidime >512 >512 0125  >512 0.063
Cefotaxime 64 >512 0.008 128 0.004
Cefepime 32 >512 0.002 64 0.004
Cefozopran 16 256 0.016 64 0.008
Imipenem 2 ’ 4 0.063 0.5 0.063
Meropenem 4 4 0.004 4 0.004
Aztreonam 0.25 0.063 0.031 0.063  0.031
Carumonam 0.25 0125 0.031 0.063  0.031
Cefoxitin 512 >512 8 >512 8
Cefmetazole 512 512 0.5 >512 0.25
Cefotetan 128 512 0125 >512 0.031
Cefbuperazone 128 256 0.063 512 0.031
Cefminox 512 >512 0.125 512 0.25
Moxalactam 256 >512 0.063  >512 0.031
Flomoxef 64 256 0.031 128 0.031

2 The ratio of the ampicillin to sulbactam was 2:1. The ratio of ticarcillin to
clavulanic acid was 15:1.

b Natural plasmid carrying the bla ygv.; gene.

¢ Recombinant plasmid constructed by insertion of DNA fragment containing
the blaginy.; gene into the cloning vector pHSG396.

some cephalosporins, including cefotaxime, cefepime, and ce-
fozopran, were significantly higher in the transconjugant than
in KHM?243 (Table 1).

EcoRI-digested fragments of pCF243 were subcloned into
pHSG396 and were transformed into E. coli JM109 cells, and
transformants were selected on agar medium containing moxa-
lactam (1 pg/ml). Strain JM109 carrying the plasmid that con-
ferred resistance to moxalactam, named pKHM-1, exhibited a
profile of susceptibility to B-lactams similar to the susceptibility
profiles of KHHM?243 and the E. coli W1895 transconjugant
carrying pCF243 (Table 1). However, the MICs of some anti-
biotics, including cefotaxime and cefepime, were lower for the
transformant carrying pKHM-1 than the transconjugant. This
might be explained by insufficient expression of the gene due to
insertion of the DNA fragment with a small 5'-flanking region.

pKHM-1 contained an 837-bp insert with a complete open
reading frame (ORF) (data not shown). The 726-bp ORF
encoded a putative protein of 241 amino acids. The protein
was similar to MBLs, such as Uvs123 from an uncultured
bacterium (82% identity) (22), IMP-1 (59% identity) (17), and
SIM-1 (59% identity) (11) (Fig. 1). The protein was somewhat
less similar to VIM-1 (38% identity) (10), GIM-1 (50% iden-
tity) (3), and SPM-1 (46% identity) (21) (Fig. 1). We named
the ORF encoding the protein blayi., and designated the
protein KHM-1 (Kyorin Health Science MBL 1). blay 4,4, Was
different from the Citrobacter freundii genome in its GC con-
tents (GC contents, 50.27% and 44.63%, respectively) and
codon usage (data not shown). KHM-1 contained amino acid
motifs conserved in MBL enzymes, including a zinc-binding
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motif (HXHXD, residues 97 to 101) and three other residues
involved in zinc binding (residues 159, 178, and 217) (Fig. 2)
(18, 23).

The DNA sequences flanking blayy,, were determined
from 774 bp upstream to 806 bp downstream of it. No se-
quence homologies for site-specific cointegration events,
ORFs, or transmissible elements was detected within the
774-bp upstream of blayn, - A 360-bp ORF encoding a pu-
tative protein of 119 amino acids with 77% identity to hypo-
thetical protein VP1798 of Vibrio parahaemolyticus (14) was
located in the fragment 21 to 380 bp downstream of blayyp.1-
Strain KHM?243 carried a class 1 integron with an array of two
gene cassettes, which carried the aad42 (20) and aac(6')-lae
(19) aminoglycoside resistance determinants; however, bl 4
was not detected in this integron.

Analysis of the purified KHM-1 protein by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis showed a single 25-
kDa band. The activity of KHM-1 against various B-lactams
was analyzed with the purified protein. It showed hydrolytic
activity against all B-lactams tested except aztreonam (Table
2). Enzymatic activity against aztreonam was undetectable un-

Bell VIM-1
SIM-1
IMP-1 CcrA
Uvs123
KHM-1
GIM-1 SPM-1
MUS-1
TUS-1 BlaB
CGB-1
I JOHN-1
EBR-1

0.1

FIG. 1. Dendrogram showing the similarity of KHM-1 to other
MBLs. KHM-1 and MBLs from a variety of organisms were tested.
The dendrogram was created with the ClustalW program. Branch
lengths correspond to the number of amino acid exchanges of the
following MBL proteins (GenBank accession numbers, source organ-
ism) of BeIl (P04190, from Bacillus cereus), BlaB (CAA65601, from
Elizabethkingia meningoseptica), CcrA (P25910, from Bacteroides fra-
gilis), CGB-1 (AA1S55263, from Chryseobacterium gleum), EBR-1
(AAN32638, from Empedobacter brevis), GIM-1 (CAF05908, from
Pseudomonas aeruginosa), IMP-1 (AAB30289, from Serratia marc-
escens), IND-1 (AAD20273, from Chryseobacterium indologenes),
JOHN-1 (AAK38324, from Flavobacterium johnsoniae), MUS-1
(AANG63647, from Myroides odoratimimus), SIM-1 (AAX76774,
from Acinetobacter baumannii), SPM-1 (CAD37801, from P. aerugi-
nosa), TUS-1 (AANG63648, from Myroides odoratus), Uvs123
(AAP70377, from uncuitured bacterium), and VIM-1 (CAB46686,
from P. aeruginosa).
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FIG. 2. Multiple-sequence alignments of the amino acid sequence of KHM-1 from Citrobacter freundii isolate KHM243 with those of other
MBLs. The sequence sources are the same as those indicated in the legend to Fig. 1. Sequence comparison was performed by aligning the protein
amino acid sequences by use of the ClustalW program (http//clustalw.ddbj.nig.ac.jp/top-e.html). The residues known to be involved in metal
binding are indicated by asterisks. Identical residues are shaded.
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TABLE 2. Kinetic parameters of B-lactamase KHM-1 with
various substrates

Substrate K (hM)° ke (711 o
Penicillin G 1,340 + 56 2309 17X
Ampicillin 978 + 111 192 19 x
Cephaloridine 44 * 095 686 £ 12 1.6 X
Cefoxitin 81 x4 1,178 = 164 1.4 X
Cefotaxime 13+15 2,181 * 208 1.7 X
Ceftazidime 8§+04 118 =3 1.5 X
Moxalactam 71+8 2,794 + 260 39 X%
Aztreonam - — —
Meropenem 12x3 0.4 = 0.015 33X
Imipenem 268 = 53 15%3 5.6

2 The K, and k., values represent the means of three independent ex
ments * standard deviations.

b —, no hydrolysis was detected under conditions with a substrate conce!
tion of up to 1 mM and an enzyme concentration of up to 840 nM.

der the experimental conditions adopted. This activity
inhibited by EDTA but was recovered by addition of Z
(data not shown). The kinetic parameters, including K,,,, /
and the k_ /K, ratio, were determined for several diffes
B-lactams (Table 2). Relatively higher values of the k,,
ratio (>107 M~ - s71), as a result of low values of K,,, and }
values of k,,, were observed with the cephalosporins tes
(cephaloridine, cefoxitin, cefotaxime, ceftazidime, and mc
lactam); and lower values of the k_/K, ratio (<
M~ - s71) were observed with penicillin G, ampicillin, me
penem, and imipenem.

During 1997 and 1998, 104, 13, and 5 clinical isolates o:
freundii, C. koseri, and other Citrobacter spp., respectively, w
collected in the hospital and were screened for imipenem
sistance. Of these, four isolates of C. freundii showed redu
susceptibilities to imipenem (MICs, >8 pg/ml). Howe
blayng.1 Was not detected in any of these isolates except the
from the patient infected with strain KHM?243. A laborat
based survey of other isolates of the family Enterobacteriaceae :
progress to detect blaging..

Nucleotide sequence accession number. The nucleotide
quence data for blagin,., and its flanking region from 774
upstream to 806 bp downstream reported here have been
posited in the EMBL/GenBank/DDBJ databases under ac:
sion number AB443628.
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and Welfare of Japan (grants H18-Shinko-011, H19-Shinko-011,
H20-Shinko-011).
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(KEYWORDS) ZAIMti¢iRIRE (MDRP), ~=
VU VMR ERE (PRSP), %Al A K
E(MDRSP), LAMP &

} BEFLHOER

IhETHETRRONIZL ), HWEMED
RRIETH7-0D0LL OB TFEWMENRES
h, Z2OHBONIEBICERRECHEEED—
o TETWS, B2, BEOKRETHEERH
WMERELHE L VREROZIICEETFZHSE
cEH SR TwA, Thbh, 74 VAT,
Y4 b AHFTY ANV A (cytomegalovirus :
CMV), k& rs¥a—=<4 VA (human papillo-
mavirus; HPV) % HIV (human immu-
nodeficiency virus) 7 &2, HIE TIEEILLE
HNEE LW LIREEXP»E, 75377,
VI RT, v4as/5 X<, ANJanyy—¥
)R EEESFORGRTENIEASIR TS,
L2 L, EXHEROBZFSHOEANICELT
i, LTLLEBEEMRECEREZL R, 20
T, EXHMEEEEORETFZINICEL Tk
ZOEMENT TILBESINLTBY, V77
YV UTHEEIEFRZENE (rpoB) PERRIRER
LLTEHLER, €5VF3 Fitk&ET2
Wik (pncA) bRAFE S TY, BFIREAE L LTRRE
SNTW5E, Z0—FT, D% OEXHER
DEGFZHIEOBRKRICHIZEA TR, 272
L, &7 ABUBITIZHT, SIWVAT 4=V EF L

BRIKENEL SIS X 2 BFFEE, EAWEEO
BEXNED) A TAREENREREEMLEL T
5. REBE CRARNLEBYICEATRET
5.

TFEYFEOEMIE, BREEOTE, HEBX
CRBRHENRICBIT A0 FREFRAEICBVTET
FTEEGFELELD, EROBMENREELEEZ K
ELLABTHAH) I LR, AT
HOZEOBETFZIICBVTYH, REOHE
W, BHME, FEE BREL VoM LOME
HERRTAHIEPEETH A, InbDHM
W05 IR PRPEEDEBRICEDLIICERT
HEDPREBROFMPHS ). ¥4 V7 by
— 7 TV AEIRDNA F v 7DLEI 2% OIF
BWOPHBRTE, SHIZIRX OO VEI 2
FlL Wm0 BEAPLETCHAH., RET
X, R=T) UIEMARE, SHIMNERERE
UM ESBLs BX U X Fupsrs<x— YL
75 LEUHRROBETEN, BLUOKRRBE S
FREFZCHLTERTS. LrL, ZhoDEE
FEIT TR L NV REEREROMEH
& EF TS,

NI Y Vi ERmRERE

MRSA (methicillin-resistant Staphylococcus
aureus) RERIMERIBE 2 E AN REEEEIX
P T%LC, TPRERTHRERIEML Ty
5. TORDOREBMZENN= ) VR RER

B (Penicillin-resistant Streptococcus pneumo-
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nige ; PRSP) TH 5. bHMRETHEE S N AMiKIK
BDIFIZ50% HAR=3 ) YittED L IHRRE
#HTdH Y, PRSP ORAEBZTFEMEIIEREY
e o THDERRBREEICRLTHAH. L
L, 209 %BEFRIMEEIER LI TV
WA, PCREAWAER=V) VI EZRIET 5
FESHREShTWwS, 2B, MARREZFEET
5 72 % © LAMP (loop—mediated isothermal am-
plification) EAHFE I N, fEME L EEFREDE
BEE LTHRKRDAPHfR I TnS., ZOERNE
mFi, MARERFEWERZFTI—M) VU
I—F35 A TH5.

PRSP OR=V Y VIR R=V ) Y HEEH
% (penicillin-binding protein ; PBP) »3# % £ 1t
L, RV VEEBNEMETT4II0Eo
TH7bEN5, PBPER=VYVYZRLDE
T5B-57 5 LHOENTFTH Y MBEES K
BETHAH. MRSADOR=YY ViFHEdIEH
BROBFETH 5P, MHEEROREENFENRSE
(B A, MRSA OR=Y) VitklE, AER
&7 FBREIIEFEL %2\ PBP(PBP2) % 2 —
F3 % BETF (mecA) VE){ BEEHRFTH 5

SCCmec (straphycoccal cassette chromosome

mec) EIZHY, ZOBERFICL - TEIENS.
—7%, M&ARED PBP 0EE MO OEIZERE
T AHEEKFEE 2 & PBP EIZF & OS2
KXo TELS., OERNEHRE IIR=V) VI
BARMMET, 5 ® PBP E&ZFHB&IREIC
WhArEhsl, MREXKEDO PBPRZT LA
M2z EEBILT, FEALIFATROF LN
PBP Bz 7 #LETSH. MRSA OBIZTFZHT
E mecA DEFEEZHRHET S, THIIFLT,
PRSP O @I F# Wit PBPs 22— F§ 5% pbp &
EFOEREBRETHI LIRS,

fi %3k & TiX 6 2 PBPs (PBPs 1A, 1B,
2A, 2B, 2X, BLU3INIVHEEL, 2DIH B
PBPs 1A, 2BB LU 22X DT I JEREEDN B-T
75 LHHEICRECHEELTWS, ZDIERIC
b PBP2A 5 L TV AW REMAIVREEE LT W
B, FITR Az X 5 IR ERE TLEEHRIT &=
HICh2bOETENA 7BEFHPEL TS,
B-5 7 & AEIEE MR LT EAOBEZTFES %
3528 T, BAMEICHSTL2ERLRAE

T5ZENTE S, Ubukata 5243, BEERSHEAE
D pbp BIZFWMTOERET S LT, pbpla,
pbp2x B X U pbp2b BIEFHOEHBRZ WIS
THHEBTTI4A~v—Dty F2i&ETL, PCR
&5 B-77 7 2REAHERETFEWELH
FEL7. TOPCRUEBEREZMHTHIEBTI20ERE
HRCIIREL 2w, b LIERL - 2 HIEEY
HT&B., COPCRZWELEARZH L2
B hE, pbplx R pbp2b \(CEBMOER ZHDO D
D, pbp2x B LT pbp2b T 7213 pbpla B LT
pbp2x O 2 BEFIHARICERSDH S D0, &
EEMMEEZRT. 85I pbpla, pbp2x BI T
pop2h D 3 BIZFITRTIEEN DL LD EE
WEEZRT LIRS, COLICERIINY —
VCEAMEOBREIHEETESL. 0L 2K
ZHERRD pbp BIZF R BT 5 PCR B WE & X
W, BHIMUERE D o LBHEE: pop BT
%iﬁéﬂlm@‘é PCRZHEIREIh TN,

V) VTR S LI u T4 FiifE%E
?ﬁ%’?‘ L 7= 2 #2423k E (multidrug-resistant
Streptococcus pneumoniae ; MDRSP) ASEgER _F ok
BB oTWA, w2054 FIHEEETF
LT, ~27u54 FOERSFTHAH 23S
rRNA O X F VALIEiEEEZE» 22— F 45 ermB &
ZFEEHZHRT S5 MefA BHEZ 32— N7
5 mefA BERFVALNTWEA, Zhbz g
TA5PCREWEDHBIN TN S,

} SETRER

2 F| Tt ¥4 A% BB B (multidrug-resistant Pseudo-
monas aeruginosa ; MDRP) & 1%, EE 2GR
BRI LCIL S 2 EE L RIEROZ & T
»5B. LrL, MDRP B EORBERICHE 2D
eV e EFITERMICIIREREKET, 2000
FLURORL A THRX T LT MDRP DEH
FEZY, BEEMNCERTAEAET Y ICLES
PRIEINTWSE., BERTRBEEEERET7 V4
X0y, ANMNNKRIA, T3 JEREAD 3RS
DHERICHE 2 S L RBEEIC L 2REES
[RATHERBEEREE] L& L, 5 HREE
ERLBRBIIEDONTWA, T, BEZE
TOHEEEDHBEIIEINTWE(FR). T/, H
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BRHEMGELICDIoERETLHRT L,
MDRP IZCBE T A EmATE 5. Lo T, 4
H O MDRP OE#HICIZ, CoREELFHT T
FIEIE A%, [k MDRP O # b FHEA O
ZAWCRLUT, RELBLECRZLEA), &
B, EAFZHERENARICL 2ZHMERIBER
BT AAETIE, 2006 CERK 18) EDRIER 5

MR H7- 0 O MDRP OGBERIZ, £EEY T

27% Tholz. [RABREMNET—RAMT72F
#(JANIS)| THRIBRLBERTH 5.

MDRP D EHTHHEEFICHE ST 5 &EZFIL3E
FIZE WV, Lo, BETIWHELTRRETS
BEICIBEOWHEZFICEN KL LEND
5. DPETHITLTWwWA MDRP #IZxF9 5 8
BEREZTEMEOEAVLETHAHN, BHED
BRBESTHHEINLTWARLDRSDEI AR
vy,

MDRP A BN B FLEAHERFZ LTS
R, 7t uF oo rREEANZ, DNA Vx
ALV—ZABLUDNAMRAVRAFT—EBIVDOF
NENAY T2y PM(FREFRGyrA BL U
ParC) B EM 5 FTdH 5. GyrA @ 83Thr F 7213
87Asp BBZLITINZ T, ParC @ 87Ser BEIILER
PEIBETNVAOX ) 0 RPEAICSERM:
2% 5. F72, MexA-MexB-OprM % MexX-
MexY-OprM OHEH v 2 F 2O BEREBED, ./
O OB ICEEL Tna,

A WNNNRE AREA O EIIE, SHER—Y
vEHE OprD DB, A¥up-575<v—+¥
EEFEICEHELTWS, OprD BA T2 L
TEADHEEELZHRT L LITMAT, 2%
Op-F7 5 —VYEEPEETAHI L THEA %
S LAESELET S, b2E T}, IMP-1 A,
IMP-2 B2 VIM-2B A5 upg-527 < —E)
BMHEN5,

73/ EEAORMEICE, T ERERSIR
FEEAVFFICHELTWS., 0L REEE
W, 73BT e FVEBEE (AAC), T
IVEEERT I VEBEE (AAD/ANT),
7 EER) CBCEE (APH) 2T I VB
BARZ M LAELT 2BEV GOATWS, &
¥, Arakawa 593, 73V EEAOENSTF
Td A 16S rRNA * A F V1t § 583 16S rRNA

®& BREEICESD MDRP DEH (BEE TOHIMER)

UFD 30085 T Tz Lges

c 4 IRFLDMIC, =16 pug/ml
T, A IRFLADOBREET 4 X7 (KB) DREIEH
DEEH 13 mm UT

T IATYDOMIC, =32 ug/ml
T, TIAVVOREREF4 R (KB) ORI
DEEN 14mm BT

s y7uzudRty o MIC, =24upg/mi
Fhid, YuTuFY Y oREET 4 2 2 (KB)

DRI DOEEA 15 mm AT

AFI—EPEERBEEZREALTVS., ZOHIR
HoWBHT I EBEICEEREICE > TWa.
LRICBREEF, ASUp-575<—F
HIEFR 16SIRNA X F5 —E#EF, 7I/E
BAREETFERET 2200, LAMP 2 PCR
EME SN TWwAEA, MDRP D EHDOHEM X
EWMEREFOBBENL I H 5, MDRP $RXC
U T 2 BETEMERIRE TIZR W,

bihibiid, MDRP BB S L REH DM
6, COFEFOEREL % -7 MDRP %% [ E
L7z, 2O MDRPHRIZIZEAEOHRIEREIC
SEMMET, IMP-1E A 0p-57s<—¥E
BFRHFHRAOT I VEEERT I VEBEE
(AAC)BIEF D oTWVABEY, RWTI DDA
WHBROERMEEANDILDY #FEL. FO#
R, CORBRPERENOEEREREBRICEEL
TWwWasZeE, ChoDHERTHEEIRL TV S
MDRP Z# 9§ RXTIZZOBEKICHRLTWE Z &
Bhhol® JILICHE, ZORFEEOER
HERICHDEBEEL TV L0031 BTHE. Z0OF
HWRAEORETH A28, L bR EEIH
FTIEZT DO MDRP k2SHIT LT WA I L d5b
STETWS, 22T, COBRKERET LD
DZOHEKERD AACBIEFEERE L
LAMP E#BRB LY. ZD X512 MDRP 0
i3, BFEOERICER 2K o BEF2HED
RAEPLETHS 9.

X ®
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Q# (37> I THE)

Q #IMIEANFTEFATH L2 7 YT FH (Cox-
iella burnetii) D BIEIZRE T 5 By h Rk BE
Thh, 47V FHRERESR, Rik, &9
B, HaZCEHRFHNERETLHTFHRRGRAML
EBTH5H. KEOBRICEL T, FRGEDS
HWAEEFRKETHY, T, ERRBERNTEIR
HEO L RIIEBEEETHEANEVI DS
PCR EXFAE D @SR L % 5. 16SrRNA,
COM1, ICD, SOD 2 ¥ ZBOENEEFHFE
%5 PCREZDVHESNTVAEY, EELIIRE
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BThHH, BEREDATREYHED@BK
G, Heity, WL REARE D DBRIE
DLW E RRICBREIR L & - LREBYOBED
HHETHSE, SOIRELZLERES Y 7
WELEBREERLHBESR TV, ERICEH
Yy i fh ¢t single PCR THREPHERZ I NS
B LY, BERErOORHERALEIC
3L A EDEE L nested PCRALEE 5.
M AFEBNICH T 5 PCR REBOBHRIIKER
HDI3S DPMEBRA L Y IIERMEHAL,ICE
WA, A a7 AMEDL ) ICBED THRIZ
BHALT 2L 0TIV, Ldo THREEER
B LRl ) REOKEREREK, Mk
Rk, R EFENREO PCR bHRAT 5%

EORBOLEERS.
(FEAREITRS - RivE - B E B #
(EAL R SEINE5E 0 7T Fr PURR A 38 B S M2 4R P -
#wig EL )
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TIVF VIRTFH D120 DFWEEROZ L VIREE

R AR

G
¥*

BE: /704y 7=x)Vb - ¥3 7 (Creutzfeldt-Jakob disease ; CJD) DD H 5 EBED
SRICEL T, BEEOBVEBICT L TEENLETH 2, BERNAREROFH T,

BB ER CID (variant CJD) BT ABMDFHR CHEE %%, CJD 7Y 4 v ORELME
FEEECBYTE, OpHLL U EOTUA ) EERETHCTY A Y VX FA ALY 722
FICEAEERIZTI N T2 - ARNEEERRE 134T, 8~104, @ @ EEAICL 3
BRI ) NF 2 — AREERFRE 134T, 184, @ 7vh ) teiEHIC X 2 5B %I8
BALKEBRET R TIXBE 2V A 7V, 2 EOHFEIERINTWAY?, FHBRED
BEICEL T, FRICEIOBRETYRNICIToC, BEYETRELREIRELTBEL S

EWRRRITH %o

I. 704V 7zl - ¥2T%

saA4Y7zvh - X327 (Creutzfeldt-Ja-
kob disease ; CJD) DREETH 5 EHMEDORKREL
7V F GO0 T vy F— (1982 %)
ThHb, 6T, FEBMRBEEL LTOESR
(bovine spongiform encephalopathy ; BSE ;
i.e. mad cow disease) PYEE THD THE Iz
DIX1V6ETHY, FNETIVFVRTHAHZ
LB TH AN, FOBSEHKROT) & VR
PEOEBETERETHI LT MIORBRET S
ZENHL,ERD (1996 F), EAETIZHFL
WZEERM CJD (variant CJD ; vCJD) & LTZL
DEEVFEEL TS,

* Takashi OKUBO, EREZRRERERFERE, B
il )
New sterilization methods for prevention of prion
disease from surgical instruments

Key words : Creutzfeldt-Jakob disease, Prion, Vari-

ant CJD

e b7 G URIEHER CID & EOMBEK
TIF VR, FEET) L VR, BRET) AV
RICHESND. & PDT Y F VHOK 0% %
5 B IMEN T ) F IROFEFEEE 100 F A
LABETH S, /-, BEESV S VRIZS —
V— (Kuru) #, EBEM CID, vCID IC#i&h
5o

CID i3k MBI B IEBEEMRBAE (trans-
mission spongiform encephalopathy ; TSE) @
TEOLIMITLTWAEREL LTHEERTWw S,
DTV FYEANE b MABEETLIE
i3, REERBMEICLY CIDORETALI LR
LYHALDILTH D, BREMIT) L VEHE
(PrP*) i, EESBEZIC LV HLEINT, AE
EHAZECBREICODBRLR2VVREETH 5,

vCID B FEM 2 I X DRl L gEiEk
Eixwnwdboo, BRECH2EEROEE, ST
BRHIEENRERELZ 2 A LCRERTAZ L
PEEEhS,

ERNARFHTERIOET 2 FMe, st
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—BT - KESB—

PR CHEREICBATZ2EM 2 SIER L-F4l
B LT, BEORTERICALTS CID
EIMENSINL, TIVTVIHEIER L HE
e ANEEACIE 1T ) LEXH S,

vCID ORI BEFHIE NI L, KFED
SR ENTHRERSLEMESHICHBT Y, i
BORMMEORELRIMOTHI L2 E, #ED
CID2iEo&WRKBITEBEZEDVEHMTH B,
TVF VR, B OAROTEMICLEET S
NBEBRERIHETH 5o

EEM CID &, FEERHEMR, ¢ MEkEERD
BERVE Y I EORS%, ARBHENE, R
BABRFHRENLTCRBELZZDDTH S, 5FT
DEZAHBHRNABFMHICEEL CRELLEE

Zoh, TORRNVDHLREMRPTE EIL 4

ERAHREENTVE, WTFRLBBMNPrbHES L
721980 E MR OER TH o BPDIEE L 25
7R AT 0 S 15~28 W ARICRIEL T
w5,
INSDEFRDIL, 75 AL ESN
1 B FHEMIC & 2 B O R AE N &%
ZONB, FREMICTESRE LT T
720 RO O 3EFNIEED S H,E Sz 1950 £
ROERTH 2o BMENBFEME A L CREL
7z EHERM BN D b D OFHEAE OB TT 1L
THY, BEERLBEITIZRWY,

vCID &, BERRER EOHMEY CID &IXR%
LA BB EET R, 128 2L, kot
2B T, PAREE R R BR A AR DL Rk,
U SE, BBRE, RIS D AMOBEEEED S,

S5, MBEROELER O vC]D BEOHED

HRGEIT) F VEREVPBREENZ LR, B
Mz X h &G LAz sl S b vCID BEDTHhE
ENTwb,
O. CJD =R E LIEBMOKESR

B OEEZICID NGBV TOIRIEER
METH B0, s E AT AL, AR
CRE LT 4 EEHOKES ZEMAIC R E
L9 5o ¥, pHIL U EDO T V4 ) EHRER]T
B LG A I RDED R RESDENELNS,

— 15692 —

TVA ) B SR O BRGE 7) F yEEE T
BBRESRIZOWTIE, HEEIO pH M, KSR
B, RIS EASHEE L Tna I EASRBE S
TWwh,

FHMEEMOTECE LT, O®ERIZ/f O
T Uh EPBE LN, @ NEENREN
B EOBEREANZRETL20IRETHL T
&, OQ#FMOEAOERLEELEIC IUTHREDE
RIEEIMD S LBECEEINSZ LR EICE
BEL2IThE o2, F0-OICBEERBE
TR BE 35 2 L KRERITH 5,

. CJD sdEDmEEY %

7T F v ORGEENEERE, EREY T AWV
T 50%%%3C & lethal dose #2£# (LDg: 71 F &
FEERTId LDsotd 50% B4 & infectious dose [IDso]
IZZ L) 2 L 7= logy reduction (reduction fac-
tor s RF) TEHMETE %,

TYNF 2 - AXNBEERBEEIRLEES
N5 7)) F v ORBREERNEECLEETH D,
logio reduction (RF) 25 X Y KREWHF%RT,

PHIE R ST RENNERRASERER

WE S T, ZRIERIAT5 %700, BRERE
PEV, BETRERBS TIOENMERKK
BEZSBESE, FEALFEHERL TV 2V,
ENNERARBEEERRER L FHET 254
i, ZERBEEFTSETICThRT, »OBE
HELERTALEF DL, TOHEINE, BE
B 2 —h — DRI - T, BESSOHEMEIC
EOXBEEELZINERS 2V, Nf AE—
FREZSHZEE L THEAINTWEELER TS v
VaBE R, BEBE, LA TEOFHEILET
RIFHUE R B,

BOKBEEHEHERTHLT+ v VXY T4 ALV
7z % (WD) id, AR UEERRIHFETE
5o WD BHWSNZWESIX, BEOEREIZT
4logpreduction BEDOXIEP /LN DL, FDIE,
TNNF 2 — AXFHEERBREEICT 134T, 18
SEOBEIITbRIUE, TV F Y OREEILA
ERTED, pHI1L U EDO T VA ) ks %8
B3, 1.6v/v%, 43C, 15 TREB L U70.8v/



v%, 43T, 7.5 5ZEIZ T reduction factor (RF )
55U LEEBLZENTETH L. ZOHE, D
nui®TWﬁU&ﬁ@%i7w\_wA&a
@fﬁ%%ﬁ#%%Aﬁ%b,fﬁtwﬁ%ﬁt
BELZTNI ROV,

BIETIE, 7IVh U ERERIC X B HEBRIC,
BELIAZRBT A 7 A 0FEIRES L
7o PEERICEBMLKEERES A 77 XX BE S
(100S®) % 2 ¥4 7 VEBTHIZ, 7 F DR
ERLBHER SN TS, 5122007 Fi
[CHE A X NBBLKRREN R T I X REES
NX®¥ £ 7T, 194 7 VIBEIIBWTH T
* Y ORERELPER STV, BRBERT

RSN TV 5 IEM R BRI 3 2 BT
L LTEHRTHE, Fof, EELEFLELREK
H/EENEEORBRER 7 X 7, —FR® loan in-
strument, ¥4 7 UM R EPRHFER D, D
BAID TN A ) HREH & BN OFM & DB
HICEEPLETH S,

5, BEMEKEERS (FR) vaporized hy-
drogen peroxide IZ X 2 F AR I HE I LT
22,

TUFVORBREICBNT, 3% T VERER S
MY ™ A (sodium dodecyl sulfate ; SDS) C 3~5
FEBNEE T DLHEPBAENTVEY, Hb
PUDIME R EOFRERELRVE, MENE
FoTHELRLBRADTHEEIFLETH S, X
ZoRULE L BRI L ARE JIZhat D
D, BAELEEHETAILERD S0, BIRLE
TOFERITEETH 5,

V. EHcEEER

FWEEFIIH LT, BRERPEZENICAT
CID DWWt R L TBLEFH D,

CID O8\WVDd 5 BETHE, BREEOE
WX LTEELTBPRRERZ O, FICE
£E7 C]JD (variant CJD) {2BWTIE, B
EEPLOBOERE SNLEBIIMN, FHE E
B, R AE Bk BE mE REEW
bhtwns (EF1DY

BISNBEROFR T, BHEOFMH CHIED
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£95, —ATIHX, vCIDIZBWTiZMmEHEL
BO)UNRENLREOTEEDHLLICER
TWwb,

1. FRAZY TAOHIG
CIDEHIBBLTCwARED LA CID 2" &D
NAEBEOFRICBWTI, MEZ N LRI
BETDH, FOLOIIHR LWAIZRZ &2
L)1, EENEORINSFSHOFHE, =
EFROEHALD L(REBLIIAVWEED/TO—
TOFER, REFPOCERZRECELI-L%
Tz ARY—VIFOEFER, Fyv 7w b8
KEDEMET HLREDHIGIRKRD LS,
TRCEEFER (F4AR—FTN) L L, &
BEIIBRRmEEY L LRI SN2 IT
B,

2. FINERESH
—BEDOFMIIBWTHREBRTH 545, MEHEE
BEPLBEEFRETIVLEND 5, MEBESEIR
BLB2WIIWCEEL-FHETDLRLTIERS
vy, H—ERBEARETIRIEL S WL I,
ERBEORD LNBFCRE LT, ek hE
TEELLZLTEES 2V,

3. FHEREOERE

ERABFH/TIE, FHBMELTE  ORBE
PEAINE 2, WEHNCHEET 2 FINEER
FELHRBERH 2 LI H o0 LOMABEOEMT
BOVENDE, TOM, FUN, FyvTs—,
BEEFMER, L—VF—#%B%283, CIDLH
LTV EED LECID MEDNEEED
FMIFER LB, —&OFMICixgEHETT
ERLBRDBIELERBLTBPRLL Tk 2L %
Vi,

4. BEETNEFMBSR0MNE

FHICHERE SR8, 2B EENG L
T2, BELTBERETNEbDIL, BELE
EPLETHE, FHTHHRERIZpH 11 M E
DT VI )EEREERT 5, 7Th ) EEHNIE
BRI BIIEFOHERITIF DS, BEOHA
ERIEB L, FF LRI EEICE
ETLWERID NV EEILETH S, BFMHR
THEHINTWEY A Y VXY TA AL T %
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1. MR- IHEECETAFR

(1) EREFHT
(7) REASKREN
(1) RERNBERRESA
() IBEFEHNE (BEBHEOLOO FF—REBHIED)
() EEEREH B LS T - IRBASTER
(+) BERNEZYKRER, BENEEHBENS L UVEEEEEEFRICOWTIMPREIC L) Fid

BB L5E

(2) WK - B
(7) EWET A
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