2R ﬁ
*%#7%@1@% AB, MBI 2 80TH 5, BETRITE AL DR
h P FEREBEBRE SN TN, SHRIEFHREDO ) A2 DAV |, BER

&, E%@“£@@E#6 HREM Y L TREET 2 R E S D B, AR ERE
M 1IERI T ERRORERBRL KX L1 TH0, FREEOBMEEL LT
BEEIRE - TS, /o, RRABRENKICET 2 518 a9 RO L [ PRy
WRBZBEORIRVERTH 5. MRS KE BFIIZ 2 513 E BRI OMEE b &5
BB, BRPURRD & 5 I Ue b 2MEE 5 TR E B s b %
WIEBNIZ T ICHBET B 2 BT ERN, LR, MABRCIET 2 TR TOME
PRIZEABIRBR SRR T HLEN S 5, HICEELOW, FHEE® Cohorting,
PP FMEOBSICINA T, MERPHEREONE, MESMICELT, 2580
WIREBAZBOEHRSS A 6NELERD S, T, BB EICEY 2 +45
tﬁﬁ?ﬂﬁ%%hﬁ%ﬁ%ﬁﬁﬁéhfn%#ﬁﬁﬁ%%&&éo%W@%n%#
ZEFBBAFTIRECIBABEMR L 2BERHAME L TREI N TV B2, IF
FIIHRED T 2 DA v P RERBEHO—E L U TGS BB 2050 H i A
RENBILHBBEEE B, Th 5 OREFI 2B B OB U TR T B 2
CIEHELWR, BEIEBCL o TEMET A Z L0k, BABSIL L TRKIHE
THZLLTRTH 5,

JOtERIBE

1) URDFFERERER

Tu AEEE U THRABREORAE RS IR T 51203, ARG REE T 5 L
ENTVEBTHETTY R VPEBET o BRICTORERELZIRT 2 PBEE &
Bo VA0S X N BB A BT 7 OB OB RS LA R L K
A5 R P R i A W@iBO%@J% HERENhE, LdoT, — L S — 2
Iy ZDBHIC UXﬁﬂﬁ%ﬁbﬁnfamﬁmﬁﬁ%wﬁﬁék,%%ﬂ?@
SR 2 2 HERR R MR & TEREICEFET 2 2 L I3 TE A, BT, F— 23 w2 A TR
RRDPOITHONTELT N AEEA YD OBRREBER ARV S HETIRY 205
BLELUTERT2TH 5, ‘
AR BEN AR E BT 2 ) A sATE LTRABZESITHAET S50 (L
DRIRAF) LEERFEICETALD. (M) A HF) BERHENTED, ZORER
%%-Mﬁﬁbkobﬁﬁ®%%%ﬂﬁkbf INED) AT RFORABEGIHEIC
3T B EEABAMWICHEE L 2HRIZICUAERELE 2R E L 0 UATIE N,




1. BRARG & BRRIEE

EXH mimgnl 27 BT
2 DIEE -’ B

FHb

gl

AU ZAVEF | BRA
BEE
HEFEEHHE

REREERE (CVATF—F/, AITFHR, REHTF—FI, FL—=1)
FE| GEZE, SENFIE)

HERD X 7EF | Fili/ LB

TeEX BT/ BRERED :

PR (BAESE, vZ170, H—~N15LX, 8E)

2) CDC/NNISDOU R T H#

7 X J Tlid CDC/NNIS BSBE NGy — A T v AFNHNC &AL 2R L L
Y= NA TV AEFEL T2, TORKR, RABRED S 4 FLHEE»S, CR-BSI (¥ 7
— 5 OVBEE MREGY) , ATLIPIRERBENT S, FRE A 7 — 7 L BEIR RSy, i Al
YEDSEE NENT ESHBH L2, 72, ICU, NICU, Fi (el »REIRE
(B2 M 2E0) LB ENREAREZLERTHEILEBEEINZZD, &
DOFEFICIRE U2BR Y — N4 7 v 2 e fimiciTd> 2 & & Lz, 2D CDC/NNISY
=4 T VAT, AEY A RFIET A AFHRICL > T—H KRN 3 28,
FREBSLEEE G EOARY AJRFREFR N TG, Z070, ) 27K
FLLTOENRFIINA ZABIZE-TY A7 FABINT, ERELKLITHI TS,
L L, 7XYADICUE, SHIRESRICU, MIRICU, LiEsAFHCU, /NRICU,
IPREREBICULR E LERZLIZHDPNTED, FREFNDICUTOEREEDAHEL)
ARAFILTWNE, DFED | ICUAXS L L7 CDC/NNIS O EBEE 1t TCTT A B4y
L TR ZETHER) A0AF o 5BEREENTED, T0O5 2ATHEY 27
HF (EREBEEED) NEEIRTHRIATHWEZ EIIE S,

3) HDHEOURIHEEBRIIRDSH DA

H W ETIE— R CREE L RE T 5154613 CDC/NNIS L FAFOAETT /IS4 2
BERABDAT) AVEEN SN TNB I LBV, 2OV ZAEABDOATHS»
ErOBEHEHLPEDARREBE 2XF E L TIfTbhTwian, M— ICUILE W Tk
APACHE 2 27 # AW TEEEMEATHN, ICU TORANKIERICEET 2540
)2 HFOREVITHNTETNEY, EEFEHERARISIERY — X1 5 2AH%



=
oy
£

ICUBFITHREE L7 5 — 2 12 BD0T Y RS AT A L BRE-30 7 T
A
F-31TRT & 510, ICUNTORISERE BT 5 Y 2 2 BT 3% O BER T
OAE, APACHE 237, BAFMH, ATIREOMHATH 7. 5754 2 FIHI
2BYALEFHFE D pOREIEENT RS, A TIFRZEOER AT & B0 Y
25 AERGLET B 2 & BT E RT3, |

F 7o, — MR I S T NISB I £ BT ATER A L b T
B4, ZNEMEIEMCEI L 27— 2134 7% < T bRENC AR LAV, ICUISE
WTHAEROBEEEIE U CEROARABRORERIZRL S 2 L SR AT
W3 (B-1), Lo T, BERIZLS ) A VBB LB EENNEL L 3,
B-1EF T & 51, BEATIRICUEE BEICH U TR MET+ 501 LT,
BRI CREE 17 B & CREEAS LR 5, ASH0~2 B O RS M I

ESl ICUTEBL ABREICHTIHEBENTF - R E
95U IERERE (43I —FHEFAL LVIESR)

: ol N B (5% ERRRA) o
ICU
WEBEAOWLLT 0.78 ( 0.62-0.97 )
1% EES50 -79% 1.00 ( reference )
i EE80% UL 1.46 (1.22-1.75)
T (B %) 0.77 ( 0.65-0.91)
F#
16 - 44k% 1.00 ( reference )
45 ~ 545% 0.78 (0.58-1.07)
55 - 41% 0.92 (0.70-1.20)
65 - 741% 0.93 (0.72-1.19)
75k 0.84 ( 0.64-1.10)
APACHEX 27
0 -10 1.00 ( reference )
11-20 1.67 (1.34-2.09)
21k 252 (1.99-3.19)
FAi
BL 1.00 ( reference )
T 0.95 (0.76-1.18 )
B2Fm 1.24 (1.03-1.50)
TFIN X
ANLIERES 1.70 (1.28-2.28 )
FIDBRH T —F L 1.16 ( 0.87-1.54 )
REHF—F I 1.20 (0.77-1.88)

46 —113—



1. BRI & BRIRIEIR

0.15 APACHEZX 2177
] B o0-10
] — 7 11 -20
J21-
0.10 | N

0.05

L I P
8-12 13-17

B arE (B)

0.00

18 - 22

BIEEIC & D ICU TORE BRI RRERR

RTIRVA, TOBMICRIELRE LB L RENRIIMATS S, LAsT,
FINA ZEFATYZVEBL Y, ABEROEERICK - TRABREREIED
i, EEEAZEEBICANZYASHABIBREL LS, 7 AR & 2T
EES YR, BEELSEDOY AVEFMNT AL ZAEEHICNb S 720, BEED
MRAT - EPAT IR EE AR 5. L7zh5C, ICU & &0 TABREE TORNBROERIC
B30 22 AFRFBICRIATINTOEEBE VAL, FORD, T4 A%
B TY 22 % & h PRI R & IV 7z fE ] B AR RO AL IS & B A
VE =RV Y g Y DFROFHRHICIEKRE GIRF 5 2,

RUSRIER

BERREORE (7Y A 4) BEELTORINE, bAEEWTIREESEHE
BB S — N TV AEEICUBFIIC B W TEAMINT AR TE Y, ICURE
EEOBREITCICE T2 ) 2 2 ETFIE-4IDR U, SBREIECICEESY 515 Y 2
SEFE UTIRERTEL L, APACHE R 2 7iZ K A EREE, ALIPREFOERH,
DERS 4 VOBEHE, ZEMEEICXZABETHD, ZhoDRFIRERIECZH
Bz PR XN, 70, BEIBEEMIL 2D LT, HRIZICUILAR LLEE
EHIOEERIERAREX T, %D, MiBLAOEETICUAR L -8F T

—114— 4



E35l] 1CU TEB U A BYED BIRk eI RIF T e
% (FB14) - 1.06 (0.95-1.19)
ERY

45 - 54 1.19 (0.94-1.49)
55 - 64 1.06 (0.85-1.31)
65 - 74 1.11 (0.91-1.35)
75 - 1.33 (1.09-1.62)
APACHEX 2772
11-15 1.68 (1.37-2.06)
16 - 20 2.66 (2.18-3.25)
21-25 4.28 (3.48-527)
26 - 30 592 (4.76-7.37)
31 - . 7.88 (6.23-9.97)
T4 0.29 (0.24-0.34)
BaFW 0.68 ( 0.59-0.77 )
AT FERss 1.78 (1.49-2.12)
FLEEIRD T — T 1.23 (1.04-1.47)
REHF—F I 0.70 ( 0.54-0.90 )
ICUNZES BV B B iE 1.11 (0.94-1.31)
ICUPISE 1SR 14 B B iE 1.42 (1.15-1.77)

1) 45EESRI & HBEIZ L
2) 0-10% Mz L

SEIEREIRIR O BAL LT /e,
%7z, APACHE I # IV EREEAIETY 2 2 BB L, ICU A SR CRIE 7 L
EHUEL U BAOBRMATOL v XHAE L -OBE-5TH 5, BUEIC L 5
Pe BHTEEIC & 2 B 8RR & ICUBEMER A BB B T3
Loh B, SHEIMMEICL 2 BRI Z OBER X LIZHENS 2 LB L T3,
¥ B IZICU TR L 7z BB OTE H 8 & ICUZES B R J L 7= D 2358 -6 T
3. ICU CIARBREAEET 2 L AR AN ICUESRME & FBIERET 50, 25
WEIC & > TR BT 5 2 2 OFBE S LITR 82 2 L SHE LTS,

ICU LIS O — s s T S AL & 5 S B0 % 3 S RT3, —fsken
F-2 3y s AR LEBRIBFERICET AREIIE SR TuLL, LkstsT
BRI R PR B 5 SRS I3 b S T ICU DM AR L v, BEpRk
T ARBEESABECHE L LTY, TNEEDL D ICRIENLT 32 L T
SHECRIRHPVEL LD, DEDXSk, BASBEEARLEEY -4 5
Y AERICUMFICBINT 3L, L0 &> 2 2EFHIE L IR L - S o e
SMIAITS L NTE B,

43 —115—



1. RRABS & BRPRIEIE

EER ICUTERB L - BROBRHRET

ES ICUTHERB L ~REOERE#HE

EICUTET IS RIF T & ICUEZERBMICRIFTHE

| +y X | 95%CI #ERAZ | B | 95%Cl
REERFFET BPREL L 49.1 471 - 51.0
RS 1.4 12-16 BREE R 61.1 56.4 ~ 65.8
T B g 1.9 15-23 T e T 767 | 66.5 - 86.9

ICUAZET ICUZE=RSR | B3 R | - 95%CI
el 1.4 11-17 BREER L 169.8 | 164.4-175.3
[gEEREC 2.0 1.6~2.9 REEEIR S 335.5 321.9 -349.2
[pRESERRES 394.8 370.9 -~ 418.7

B SEosRIEEEH0sD

TTIRRTEZZLS12, DAEIIIES T, FRHERICEIL TR A2 EHB X I 7-
Tue ZEELRREEL FHICBHEES R TI VAN, Lo T, VA HFEBX
NERREREZBEETL20THIE, SETHRALZY 22RFICMA T, TheM
DHB5)ARFEMPEREL -BE FITEREEEL, RRABREOESL LU REIETF
CETORANY A JFARSMEL LS, BEMUTEFBEIEMOELEFIAL T,
S, ¥, FRE, LFE, AGHE, BEE, 794 R, HEELEEMK LY X
o W FBIEBROINE L FRMNBROER, b L UBRRRELZRROREEHRETL,
FHPURAEET 2LESS 5, £z, 2OPUROEAU % H 2 BLEF 45
WTRFET 2 BEN D 5, DAETIH2003EE ) b MR NG & L C/aiEE
fli2EA TN TS, EEFHEIEERIBERTIL NV R T L TH B, 20D
FIZEERRIBRICA AT 2 Z e B TELZREBERVEETN TS, 2004FEEH 5 13
RIS FRE RS DPCEME ORI TDPCINEF — 2 ORI EEDE & T2z B4
HERERIEESMA SN TIREEN B Z &2k b, FRANREICET 3EEEIEL 707
— S EFAELTHILEIND ZENLEFENE, DPCTIE X N BRI RET 3 1540
EDPCITHEBICIIBE L 572910, DPCEBIMTINET B Z LW RELEF— 4 %
z-7IZR L7,

SHi, BREREFANELE, EFLahmREEZERY 27 40 D
CINEE, R, RSN, TOFMPEEBBEPERICETI IS I LA EED
ns,

—116— 49



afib

ol PR ORRIEEERET 2 0DF — 4INES X5 4

g E | DPCRIEIEER DPCIERS SR
e it BT BN Closed/Open ICU
TOtAFHMEEIE | F£8, M, FBR (CD-10), FH- | HERES5E (DDD), 5/11 Ak
FifF (K2~ K), LA, AGHE, | BB, BAE (Fit-mi)
EEE (MPBA-EHE) Ale—F -
T HARR
B B ST R, BREER, iRk E | BEXBRE
B

) 2004 bMEETNDE Z ENTEENTVBAHDPCOBRR I DF — 5 k&,

B 3t

1) http://www.cdc.gov/ncidod/hip/SURVEILL/NNIS.HTM
2) https://www.spc-svr.jp/janis/idsc/

3) Suka M, Yoshida K, Takezawa J: Impact of intensive care-acquired infection on hospital mortality in Japan: A
multicenter cohort study. Envir Health Prev Med, 9 © 53-57, 2004
4) HHEESE  EHEEREE (ICU) PWEARIEICE T 2@ NRET T 15F B4 SR £ B4
EHREREAUTRESE, EPBEREMT (ICU, NICU) %, ZBguEREORBE4IE> SFN- B 3EMm

G E IR T AR,

50

115-121, 2004

—117—




ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Aug. 2005, p. 3533-3537
0066-4804/05/508.00+0 doi:10.1128/AAC.49.8.3533-3537.2005

Vol. 49, No. 8

Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Extended-Spectrum-B-Lactamase-Producing Escherichia coli Strains
Isolated from Farm Animals from 1999 to 2002: Report from the
Japanese Veterinary Antimicrobial Resistance
Monitoring Program

Akemi Kojima,'* Yoshikazu Ishii,” Kanako Ishihara,' Hidetake Esaki,' Tetsuo Asai,’
Chitose Oda," Yutaka Tamura,'} Toshio Takahashi," and Keizo Yamaguchi?
National Veterinary Assay Laboratory, Ministry of Agriculture, Forestry and Fisheries, 1-15-1 Tokura, Kokubunji,

Tokyo, 185-8511,' and Department of Microbiology, Toho University School of Medicine, 5-21-16 Omori-nishi,
Ota-ku, Tokyo 143-8540,% Japan

Received 14 August 2004/Returned for modification 8 November 2004/Accepted 1 May 2005

A nationwide surveillance for antimicrobial susceptibility in Escherichia coli strains isolated from food-
producing animals in Japan was conducted from 1999 to 2002. Eighteen cefazolin-resistant E. coli strains were
isolated from broilers. Six were CTX-M-type producing, and eight were CMY-2 producing, while eight had

mutations at the ampC promoter region.

Recently, the relationship between the use of antimicrobials
in food-producing animals and the emergence of resistant bac-
teria in the food chain has become of great concern and has
been the subject of numerous international meetings (6, 11,
12). However, until recently there was a lack of nationwide
information available on antimicrobial resistance of bacteria
isolated from animal origins. Consequently, we established the
Japanese Veterinary Antimicrobial Resistance Monitoring
program in 1999 (9).

In Japan, CTX-M-type extended-spectrum-B-lactamase
(ESBL)-producing Enterobacteriaceae are important in noso-
comial infections. Yagi et al. reported that Toho-1-like ESBLs
were the most prevalent type of ESBL in clinical isolates of
Escherichia coli (13, 14). The aim of this study was to charac-
terize cephalosporin-resistant E. coli strains recovered from
healthy animals and especially to investigate isolates resistant
to ceftiofur, an expanded-spectrum cephalosporin used in an-
imals.

Fresh fecal samples were collected from healthy farm ani-
mals. In principle, one fecal sample per farm was collected and
two E. coli isolates from each sample were kept using desoxy-
cholate-hydrogen sulfate-lactose agar. Overall, a total of 2,747
isolates (872 isolates from 453 cattle farms, 793 isolates from
417 pig farms, 406 isolates from 219 layer farms, and 676
isolates from 354 broiler farms) were collected during 4 years
(1999 to 2002).

MICs were determined by the agar dilution method (4, 5).
The cefazolin MIC for 18 isolates from 12 broiler farms was
=32 pg/ml, and these isolates were further investigated in this
study. The MICs of 19 antibiotics for the 18 cefazolin-resistant
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isolates are shown in Table 1. The resistance profiles of isolates
collected from the same farm were always identical to each
other, suggesting that those isolates were likely replicates. Six
isolates from four farms were also resistant to ceftiofur, cef-
podoxime, cefotaxime, and cefepime while retaining suscepti-
bility to cefoxitin. A double-disk synergy test for detection of
ESBLs, carried out as described previously (3), revealed syn-
ergy between clavulanate and cefotaxime, ceftadizime, cefpo-
doxime, or aztreonam disks (Nissui Pharmaceutical, Co., Ltd,
Tokyo, Japan) with these six isolates, suggesting production of
an ESBL (Table 2). The remaining 12 isolates exhibited in-
creased cefoxitin MICs while retaining very low cefepime
MICs, suggesting the production of a class C B-lactamase.
Double-disk synergy testing yielded negative results with these
isolates (Table 2).

Detection of several 3-lactamase genes, including blargy,
blagyry, blapsg. 1, blacrx o blacrxme blacyy.y, blacyy.a
and blapoy, and amplification of the promoter region of the
ampC gene were carried out by PCR (94°C for 3 min; 30 cycles
of amplification at 94°C for 30 s, 60°C for 30 s, and 72°C for 1
min; and 72°C for 7 min) using primers listed in Table 3.
Nucleotide sequences were determined on both strands, di-
rectly on PCR products. The DNA alignments and deduced
amino acid sequences were examined using the BLAST pro-
gram (1). Mutations in the ampC promoter region were de-
fined in comparison with E. coli K-12 strain LAS (7).

The results of B-lactamase gene detection and analysis of the
ampC promoter region in the cefazolin-resistant isolates are
reported in Table 2. Acquired B-lactamase genes were de-
tected in most isolates. CTX-M-2 or CTX-M-18 B-lactamase
genes were detected in the six ceftiofur-resistant isolates, in
agreement with the resistance phenotype. The four CTX-M-
2-producing E. coli strains were isolated from three different
farms (farm F is 500 km away from farm G and 400 km away
from farm K; farm G is 100 km away from farm K) in different
years. A CMY-2 B-lactamase gene, alone or in combination
with blargy., Or blapge ,, was detected in eight of the other
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TABLE 2. Phenotypes and B-lactamase genotypes of 18 cefazolin-resistant E. coli field isolates

Double-disk
synergy test
result

Isolate(s) Farm

bla gene(s) detected

Mutation(s) at ampC
promoter region

Frequency of cefazolin
resistance transfer

11-C-217 and 11-C-218 A - blacpy2

12-C-015 and 12-C-016 B - blagy.; and blacyy 2
12-C-129 C - blacpy-2

12-C-139 D - blaypy.y

12-C-140 and 12-C-141 E - blacyy.2

13-C-005 and 13-C-006 F + blacrsaz

13-C-033 G + blacrxm2

13-C-034 H -~ blapgg., and blacyry.o
13-C-073 1 - Not detected
13-C-099 and 13-C-100 J - blagn.s

14-C-020 X + blacrx.mz

14-C-079 and 14-C-080 L + blacrx mas

—18, —1, and +58

No mutation

No mutation

—42, —18, =1, and +58
—18, —1, and +58

No mutation

No mutation

No mutation

—42, —18, —1, and +58
—42, —18, —1, and +58
No mutation

No mutation

1.0 x 1078

1.5 X 10742.6 x 107%
3.5 x 1073

Not transferred

32 % 10743 x 107¢
1.5 X 107%4.7 X 1073
22 %X 1076

8.9 X 1073

Not transferred

Not transferred

2.6 X 107¢

3.7 X 107*-4.3 x 107°

isolates, in agreement with the resistance phenotype. In the
remaining four isolates, either a blagy., gene or none of the
acquired B-lactamase genes searched in this work was de-
tected. In these isolates, however, mutations at positions —42
(C-T), =18 (G—A), —1 (C—T), and +58 (C—-T) were de-
tected. Though we did not perform enzyme expression exper-
iments, mutations at these points could be associated with
AmpC hyperproduction (2) and thus explain the resistance
phenotype.

Conjugation experiments were carried out as described pre-
viously (15) using a rifampin-resistant mutant of E. coli
INVaF' (Invitrogen Corp. Carlsbad, CA) generated in our
laboratory. Transconjugants were sclected on LB agar (Difco
Laboratories, Detroit, MI) containing rifampin (50 pg/ml) and
cefazolin (50 wg/m!). Cefazolin-resistant transconjugants were
obtained from 14 isolates, including those producing CTX-M-

type and CMY-2 enzymes. Resistance profiles of the transcon-
jugants were consistent with transfer of a CTX-M-type or
CMY-2 B-lactamase gene, respectively (Table 4). The presence
of the respective B-lactamase genes was confirmed in all
transconjugants by PCR analysis with primers encoding
CTX-M types or CMY-2. The transfer of resistance traits to
non-P-lactam agents was also observed in most cases (Table 4),
suggesting that additional resistance genes were cotransferable
with the B-lactamase genes.

Plasmid restriction profiles of the six CTX-M-producing
transconjugants are shown in Fig. 1. Restriction profiles of
plasmids carrying the same type of blacrx.\ gene were iden-
tical or similar to each other, suggesting a common origin. On
the other hand, restriction profiles of plasmids carrying differ-
ent types of CTX-M determinants were remarkably different
from each other.

TABLE 3. Primers used for PCR and DNA sequencing

Target Nucleotide sequence (5’ — 3) Acc:gsion Positions
blajem ATGAGTATTCAACATTTTCG AB194682 215-234
TTACCAATGCTTAATCAGTG 1075-1066
blagyy ATGCGTTATATTCGCCTGTG AF148850 625
TTAGCGTTGCCAGTGCTCGA 866-847
blapse. ATGCTTTTATATAAAATGTG AB126603 150-169
TCAGCGCGACTGTGATGTAT 1064-1045
blacrxaz ATGATGACTCAGAGCATTCG AY750915 1-20
TCAGAAACCGTGGGTTACGA 876-857
blacrxomee ATGGTGACAAAGAGAGTGCAACGG AJ416345 132-155
TCACAGCCCTTCGGCGATGATTCT 1007-984
blacyy-1 ATGCAACAACGACAATCCATCCTG X92508 333-356
TCAACCGGCCAACTGCGCCAGGAT 1481-1458
blacyy-2 ATGATGAAAAAATCGTTATGCT X91840 1924-1945
TTATTGCAGCTTTTCAAGAATGCG 30693046
blagox ATGCAACAACGACGTGCGTTCGCG X77455 701-724
TCACTCGGCCAACTGACTCAGGAT 1849-1826
blagap-ampc ATGATTAATCCAAATCCAAAGCGT U14003 70194-70171

CAAATGTGGAGCAAGAGGCGGTAA

69718-69741
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FIG. 1. Restriction profiles of plasmids from CTX-M-producing transconjugants digested with Clal (A), EcoRI (B), and Sphl (C). The plasmids
shown in lanes 1 (plasmid pC5-4; 65.1 kbp), 2 (pC6-8; 68.1 kbp), 3 (pC33-13; 66.8 kbp), 4 (pC20-5; 67.4 kbp), and 5 and 6 (pC79-6 and pCBO-12;
97.3 kbp) were derived from field isolates 13-C-005, 13-C-006, 13-C-033, 14-C-020, 14-C-079, and 14-C-080, respectively. M1 and M2, lambda DNA
digested with HindIII marker and 1-kb DNA ladder marker, respectively (Takara Bio Inc., Shiga, Japan).

In our survey, cefazolin-resistant E. coli strains were isolated
only from broilers. In Japan, six cephalosporins are approved
for parenteral use, but in cattle and pigs only. Some reports
discuss the relationship between the use of ceftiofur and the
appearance of resistant strains in cattle and/or pigs (8, 10).
However, our results suggest that the use of the expanded-
spectrum cephalosporins in healthy animals at the farm level
does not directly influence the appearance of resistant strains.
For some reason, ESBL-producing E. coli strains were only
isolated from broilers and not layers, which suggests there
might be some other factor, possibly in their specific environ-
ment, that introduces the plasmids encoding CTX-M-type ES-
BLs into E. coli during the husbandry of broilers.

In conclusion, we report on the emergence of extended-
spectrum class A and class C B-lactamases in E. coli strains
from healthy broilers. Even if at present there is a low level of
isolation in food-producing animals, it is necessary to monitor
the spread of expanded-spectrum cephalosporin-resistant bac-
teria and further research including animals and humans and
their environments should be carried out.

We thank the staff of the Livestock Hygiene Service Centers across
Japan for sampling, collection of drug usage data of individual animals,
and isolation and identification of E. coli strains and K. S. Thomson,
Creighton University School of Medicine, for useful advice.
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In 2002, 495 indole-positive proteae strains were isolated from patients at 60 hospitals in Japan.
Nine indole-positive proteae strains had reduced susceptibility to imipenem (MIC = 8 ug mi~') and
were identified as Providencia rettgeri by BD Phoenix. Eight of the nine Prov. rettgeri isolates were
confirmed as metallo-f-lactamase producers by the double-disc synergy test. All the metallo-g-
lactamases were classified as IMP-1 by PCR and DNA séquence analysis. These blapp.1 genes
were encoded in the integron structure on conjugative plasmids. These plasmids could transfer from
Prov. rettgeri clinical isolates to Escherichia coli ML4903 at a frequency between 1-5 X 107% and
5-5 X 1077, The eight blayp-positive strains were isolated from two hospitals, and showed two
different PFGE patterns, two different integron structures and two different incompatibility groups,
which corresponded to the two hospitals. These results strongly suggest the possibility of
nosocomial infections by blawp.1-producing Prov. rettgeri isolates.

INTRODUCTION

Proteae are normal inhabitants of the gut of animals
including humans and are also found in the environment,
Proteae were ranked as the fourth and fifth leading cause of
urinary-tract infections in Europe and North America,
respectively, in 1997 (Jones et al., 1999; Fluit et al., 2000).
Normally, Proteus mirabilis, as the only indole-negative
proteus, has a high susceptibility to antibiotics except for
nitrofurantoin. Indole-positive proteae, such as Proteus
vulgaris, Proteus penneri, Providencia alcalifaciens, Providen-
ciq rettgeri, Providencia stuartii and Morganella morganii, are
susceptible to expanded-spectrum cephalosporins, cefoxitin,
cefepime, aztreonam, imipenem and aminoglycosides (Mur-
ray et al., 2003).

Nosocomial infections caused by extended-spectrum
B-lactamase (ESBL)-producing indole-positive proteae have
been reported (Ma et al., 2002; Pagani et al., 2003; Tumbar-
ello et al., 2004) in which the strains were resistant to most
B-lactams including expanded-spectrum cephalosporins.
ESBL-producing Providencia species and Prot. vulgaris that
produced CTX-M-type or SHV-type enzymes remained
susceptible to carbapenems including imipenem. Tumbar-
ello et al. (2004) described ESBL-producing multidrug-

Abbreviations: DDST, double-disc synergy test; ESBL,‘ extended-
spectrum S-lactamase; ML, metallo-3-lactamase.

resistant Prov. stuartii. The strains were resistant to penicil-
lins, cephalosporins, aminoglycosides and fluoroquinolones,
but were susceptible to imipenem.

Shibata et al. (2003) reported metallo-S-lactamase (MBL)-

" producing Prov. retigeri and M. morganii that produced the

IMP-1 enzyme. In the case of IMP-1-producing Pseudomo-

nas aeruginosa and Serratia marcescens, the strains showed

resistance to carbapenems such as imipenem, meropenem,

panipenem, biapenem and doripenem; however, the results

of drug susceptibility testing were not described. IMP-1

producers have no susceptibility to any S-lactams except for
aztreonam. The genes that encode these MBLs are located in
an integron structure on a plasmid (Arakawa et al., 1995). An
integron is one of the genetic elements capable of integrating
gene cassettes by a site-specific recombination mechanism

(Fluit & Schmitz, 2004). Therefore, horizontal spread of
these resistance determinants can be anticipated.

In 2002, we conducted a surveillance programme involving
60 hospitals that were widely distributed geographically
throughout Japan. The aim of the study was to gain a detailed
understanding of S-lactam antibiotic susceptibility data
(Ishii er al,, 2005). Of 495 indole-positive proteae isolates,
nine, from two hospitals, showed reduced susceptibility to
imipenem (MIC = 8 ug ml™!). The aim of this study was
to characterize the imipenem-resistance mechanism(s) and
to investigate the possible clonal origins of the isolates.

46194 © 2005 SGM  Printed in Great Britain
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METHODS

Bacterial strains. In 2002 a total of 495 single strains of indole-positive
proteae were isolated from patients at 60 hospitals in Japan that were
widely distributed geographically (Ishii et aL, 2005). Each participating
laboratory performed its own identification tests. The species and
number of isolated strains are listed in Table 1. Sources of the specimens
isolated are described in Table 2.

Antimicrobial susceptibility testing. Susceptibility testing of each
isolate was performed by Etest strip (AB Biodisk) following the
manufacturer’s instruction manual. All clinical laboratories used Etest
strips with the same lot number. The non-susceptible break point of
indole-positive proteae against imipenem (MIC = 8 ug mi™) was
based on that defined by the Clinical and Laboratory Standards
Institute, formerly known as the National Committee for Clinical
Laboratory Standards (NCCLS). Quality control of Etest strips was
performed using the following reference strains: Staphylococcus aureus
ATCC 21293, Escherichia coli ATCC 25922 and Ps. aeruginosa ATCC
27853. In addition, identification and susceptibility of all isolates
collected were re-evaluated at the Department of Microbiology and
Infectious Diseases, Toho University School of Medicine using the BD
Phoenix system (Becton Dickinson).

Screening of MpL producers. Strains selected by the criteria described
above were subjected to a screening test for MBL production by using the
double-disc synergy test (DDST) reported by Arakawa et al. (2000). The
test was performed by placing 2 SMA (sodium mercaprotoacetic acid)
disc containing 3 mg sodium mercaptoacetic acid (Eiken) and two
commercially supplied Kirby—Bauer (KB) discs, each containing 30 pg
ceftazidime or 10 pgimipenem (Eiken), on Mueller—Hinton agar plates.
The distance between the two ceftazidime and imipenem discs was kept
atabout 3 cm, and the SMA disc was placed near one of the discs with a

Table 1. Species of indole-positive proteae collected

Species* No. (%) of isolates
Morganella morganii 272 (54'9)
Proteus vulgaris 127 (257)
Providencia retigeri 62 (12-5)
Providencia stuartii 7 (1-4)
Unspeciatedt 27 (5°5)
Total 495 (100)

*These results were reported by each hospital.

tReported only as Proteus spp. by each hospital.

Table 2. Details of clinical specimens of indole-positive proteae

centre-to-centre distance of 1-5-2-0 cm. The platessvere then incubated
at 35 °C for 16~18 h. If the inhibition zone around the disc nearer to the
SMA disc was bigger by more than 5 mm than that of ceftazidime or
imipenem alone, the strain was considered, to be an MBL producer:

PCR and sequencing of MpSL genes. The MBL gene cassettes and
integrons were detected by a PCR method using previously described
specific primer sets for blapvp, blavim, blasps, intl], intl2 and int]3 (Table
3). Template DNA from original strains and their transconjugants was
used. PCR was performed in a GeneAmp PCR system 2400 thermal cycler
(Applied Biosystem). The thermocycle protocol used was: an initial
denaturation step at 94 °C for 2 min, followed by 25 cycles of denatura-
tionat94 °Cfor 30s,annealingat 55 °Cfor 30sand elongationat 72 °C for
90 s, plus a final extension step at 72 °C for 7 min. The resulting PCR
product was purified with QIAquick PCR purification kit (Qiagen),
prepared with ABI Prism Big Dye Terminator version 3.1 cycle sequen-
cing ready reaction kit (Applied Biosystems) and sequenced with the
automatic sequencer ABI Prism 310 genetic analyser (Applied Biosys-
tems) using sequence specific primers for blapyp and aacA4, one of the

aminoglycoside acetyltransferases. A similarity search for the deduced

amino acid sequences against sequence databases was done using the
BLAST program at the DNA Database of Japan (Shizuoka, Japan).

Conjugation experiments. Conjugation experiments were performed
by the broth method using rifampicin-resistant E. coli ML4903 as a
recipient (Ishii et al., 1995). A 0-9 ml: 0:1 ml mixture of exponentially
growing donor and recipient isolates was incubated in 1 ml Mueller—
Hinton broth at 35 °C for 1 h. E. coli transconjugants were selected on
Drigalsky agar medium (BTB Agar, Eiken) containing ceftazidime (5 pg
ml 1) and rifampicin (25 pgml™!). Frequency of transfer was expressed
as the number of transconjugants per number of donors. Susceptibility
testing for denor, recipient and transconjugants was performed by the
microdilution method according to the Clinical and Laboratory
Standards Institute, formerly known as the NCCLS, document M7-A6
(NCCLS, 2003). Incompatibility tests were carried out as described in a
previous report (Chabbert et al, 1972; Ishii et al., 1995). Briefly, the
transconjugant was used as a donor and mixed with a recipient E. coli
C600 that harboured plasmids of a known incompatibility group (Ishii
et al., 1995). The conditions used were the same as for the conjugation
experiments described above. Transconjugants were selected for resis-
tance to ceftazidime and the resistance marker drugs of each plasmid.

Plasmid elimination. Plasmid elimination was performed to prove that
the resistance gene was on a transferable plasmid. The transconjugants of
TUM1933 and TUM1936 were used as a recipient, and mixed with a
domor E. coli C600 that harboured a plasmid with the same incompati-
bility group as the recipient. Conjugation conditions were the same as
those mentioned above, Transconjugants were selected for resistance to
rifampicin and the resistance marker drugs of each plasmid.

PFGE. PFGE analysis was performed with a modified version of the
instruction manual from Bio-Rad Laboratories. Agarose plugs contain-
ing genomic DNA were digested with Sfil (Bio-Rad Laboratories).
Fragments were separated using SeaKem Gold Agarose gel (FMC
Bioproducts) in 0-5 TBE buffer (0-089 M Tris base, 0-089 M boric acid
and 0-002 M EDTA) at 14 °C for 20 h on a CHEF Mapper apparatus
(Bio-Rad Laboratories). The banding patterns were evaluated by using
Finger printing I DST software (Bio-Rad Laboratories) with Dice and
UPGMA coefficients {Mariani-Kurkdjian et al., 2004). Isolates with a
genetic similarity of > 80 % atcording to dendrogram results were
considered to be from the same origin.

RESULTS

Nine of 495 indole-positive proteae clinical isolates were not
susceptible to imipenem (MIC = 8 ug ml™!) by Etest strip

Source No. (%) of isolates
Urinary tract 213 (43-0)
Gastrointestinal tract 76 (15-4)
Respiratory tract

Upper 14 (2-8)

Lower 40 (8-1)
Skin 23 (47)
Blood 17 (3+4)
Other 112 (22-6)
Total 495 (100)
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Table 3. PCR primers

Gene Primer sequence (5'~3") Tm (°C) Expected size of Reference
amplicon (bp)

MpL genes

blagp F1 CTACCGCAGCAGAGTCTITTG 62:7 587 Kimura ef al. (2005)
R1 AACCAGTTTTGCCTTACCAT 599

blapy-2 F2 GTTTTATGTGTATGCTTCC 51-8 678 Shibata et al. (2003)
R2 AGCCTGTTCCCATGTAC 556

blayp. F3 AGTGGTGAGTATCCGACAG 575 261 Shibata et al. (2003)
R3 ATGAAAGTGCGTGGAGAC 587

blaypy.z F4 ATGTTCAAACTTTTGAGTAAG 52:7 801 Shibata et al, (2003)
R4 CTACTCAACGACTGAGCG 57

blaspu.y F5 GCGTTTTGTTTGTTGCTC 59-4 ) 786 Shibata et al, (2003)
R5 TTGGGGATGTGAGACTAC 556

Integrase genes

intl1* F6 ATCATCGTCGTAGAGACGTCGG 674 - Kimura et al. (2005)
R6 CTCTCTAGATTTTAATGCGGATG 60-6

intl2 F7 CACGGATATGCGACAAAAAGGT 667 789 Shibata et al. (2003)
R7 GTAGCAAACGAGTGACGAAATG 63-4

intl3 F8 ATCTGCCAAACCTGACTG 587 922 Shibata et al. (2003)
R8 CGAATGCCCCAACAACTC 642

*int]1 detects the area between 5'-CS and 3'-CS, which is a variable region.

during evaluation at each medical centre, and confirmed at
the Department of Microbiology and Infectious Diseases,
Toho University School of Medicine. All nine isolates were
identified as Prov. rettgeri by the BD Phoenix system. Eight of
the nine isolates were positive on screening for MBL
production by DDST. These isolates were from two hospitals,
in Nagasaki prefecture and Mie prefecture. Six strains from
one hospital were urine isolates from different patients. In the
other hospital, the two IMP-1-producing Prov. rettgeri
strains were isolated from sputum and blood from different
patients (Table 4).

The types of MBL were assessed by PCR. Eight of the nine
DDST-positive isolates were confirmed as carriers of IMP-1
type MBL, which was encoded by a gene located in a class 1

integron structure. The types of ML were confirmed by
sequencing analysis. PCR amplification of the variable region
(located between the 5'- and 3'-conserved sequences) of the
class 1 integron using the conjugative plasmids as the
template yielded a 2-5kb or 3-5kb product. Sequence
analysis of both the 2-5 kb and the 3-5 kb integrons revealed
astructure with atleast two gene cassettes containing blapp.;
and aacA4, which encodes resistance to tobramycin and
amikacin. In the 2:5 kb product, the blapyp.; gene cassette
was located immediately downstream of the 5’-CS and was
followed by the aacA4 gene cassette. On the other hand, in the
3:5 kb product, the aacA4 gene cassette was located imme-
diately downstream of the 5'-CS, and was followed by the
blapvp.) gene cassette and another cassette, which did not
code any protein.

Table 4. Characteristics of blawp.-positive Prov. rettgeri clinical isolates

Strain Region Source Antimicrobial susceptibility (ug ml™!)
Piperacillin Ceftazidime Cefotaxime Aztreonam Imipenem Meropenem
TUM1965 Nagasaki Urine 32 >16 >32 2 >8 >8
TUM1966 Nagasaki Urine 32 >16 >32 2 >8 >8
TUM1933 Nagasaki Urine >64 >16 >32 2 8 >8
TUM1934 Nagasaki Urine >64 >16 >32 >16 >8 >8
TUM1935 Nagasaki Urine >64 >16 32 2 >8 >8
TUM1967 Nagasaki Urine >64 >16 >32 2 >8 >8
TUM1936 Mie Blood 8 >16 >32 2 >8 >8
TUM1937 Mie Sputum >64 >16 >32 2 >8 >8
http://jmm.sgmjournals.org 1067
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The ML genes of the eight isolates from two different

hospitals were transferable to E. coli ML4903 at a frequency
between 15 X 107 and 5:5 X 1077. When production of
MpL was checked by DDST for the E. coli transconjugants, all
showed ML production. Moreover, most 8-lactam MICs of
the transconjugants were similar to those observed for Prov.
rettgeri isolates, but the imipenem MICs (MIC 4 pg ml™t)
tended to be lower than those of the donors (MIC 128 pg
ml™1).

Incompatibility testing showed two groups. Group HI-
harbouring strains were found in Nagasaki, and group T-
harbouring strains were found in Mie. The transconjugants
of TUM1933 and TUM1936 lost their plasmid when con-
jugated with E. coli C600. MICs of S-lactam antibiotics for
the products of this second conjugation were lower than
those of the transconjugants of TUM1933 and TUM1936,
which proved that the resistance gene was on a transferable
plasmid. In addition, the MICs of the resistance marker drugs
were the same as for E. coli C600 (Table 5). This result
reflected the phenomenon of incompatibility. Two plasmids
could not stably coexist in the same host when these plasmids
had the same incompatibility groups.

The genetic similarity of the eight blapvp._1 -positive isolates
was evaluated by using PFGE. Two types of PFGE patterns
were observed (Fig. 1). The strains TUM1965, TUM1966,
TUMI1933, TUM1934, TUM1935 and TUM1967, isolated
from the hospital of Nagasaki prefecture, and strains
TUM1936 and TUM1937, from the hospital of Mie pre-
fecture showed the same chromosomal DNA banding
pattern.

DISCUSSION

The spread of nosocomial strains producing ML has been
reported around the world and is regarded as a serious
clinical problem (Nordmann & Poirel, 2002; Walsh et al,,
2005). MfL-encoding genes are located in an integron
structure on a conjugative plasmid (Arakawa et al., 1995).
These structures are one of the most important factors for
multidrug-resistant bacteria because they can easily transfer
from one strain to another, even to other species. Most ML~
producing strains show resistance not only to S-lactams
{except monobactams) but also to other antibacterial agents
such as aminoglycosides, quaternary ammonium com-
pounds, trimethoprim and sulfonamides because these
resistance genes are located on the same integron structure
(Laraki et al., 1999).

Recently, it has been reported that isolates of MfL-produ-
cing Ps. aeruginosa and Serratia marcescens probably have a
high incidence (Kurokawa et al., 1999). The reported isolates
were mainly isolated from immunocompromised hosts who
had pre-existing conditions such as malignant diseases, and
were caused by nosocomial spread (Hirakata et al., 1998).
Among other Gram-negative bacteria, the isolation of MBL
producers is also increasing. Shibata et al. (2003) reported
that blapvp.1, blapwp.o and blaypv., as MBL genes were

Table 5. Results of the plasmid elimination experiments

Antimicrobial susceptibility (ug ml™!)

Resistance

Incompatibility

Strain

marker

group

Streptomycin Tetracycline

Rifampicin

Meropenem

Aztreonam  Imipenem

Cefotaxime

Piperacillin  Ceftazidime

256
256

=025 =0-25 =<0-25 =0-25

=0-25

H1 Tetracycline

Donor (E. coli C600)

=0-25 =0-25 =025 =025 >256

=0-25
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Fig. 1. PFGE profiles obtained with Sfil chro-
mosomal digestion of Prov. retigeri carrying the
IMP-1 metallo-g-lactamase.

detected in Klebsiella oxytoca, Citrobacter freundii, Entero-
bacter aerogenes, Enterobacter cloacae, M. morganii and Prov.
rettgeri by PCR analysis. However, their study analysed only
ceftazidime-resistant strains for f-lactam resistance factors
and integron structure.

In this study 495 indole-positive proteae strains were
isolated. Among these, 54-9 % were M. morganii. It appears
that this species is quite common in this part of the world,
having a high incidence in Korea as well (Kim et al., 2003),
even though it has been reported as rare in other places
(Murray et al., 2003). Prot. vulgaris was second in frequency
of isolation (25-7 %) in the current study and followed by
Prov. rettgeri (12-5 %) (Table 1). Of the proteae, 43 % (213/
495) were urinary-tract isolates (Table 2). Ofthe Prov. rettgeri
isolates, 69-3 % (43/62) were isolates from the urinary tract.
Proteae have been recognized as pathogens in urinary-tract
infections, and the majority of these urinary-tract infections
are a consequence of urinary-tract catheterization and
instrumentation (Warren, 2001). Stickler er al. (1998)
reported that Prov. rettgeri can form crystalline biofilms that
rapidly encrust and block catheters. This study did not
distinguish catheter specimens from other urine specimens.
For future surveillance, it will be necessary to specify the
origin and to evaluate biofilm formation as one of the
pathogenic factors in this species.

The isolation frequency of MBL-producing Prov. rettgeri
strains was 1-6 % (8/495). Kimura et al. (2005) reported an
isolation frequency of MpBL-producing Ps. aeruginosa of

1:9 % (11/594) in 2002 using strains from the same surveil-,

lance programme as the current study. It is of interest that no
MpL-producing Prov. rettgeri were isolated from hospitals
where MfL-producing Ps. aeruginosa were isolated. Eight
MpL-producing Prov. rettgeri strains were isolated from only
two hospitals, Mie and Nagasaki, which are separated by over
600 kim. The genetic relatedness was evaluated by pulsed-field
gel electrophoresis, integron structure and plasmid incom-
patibility group. These data show that the resistant Prov.
rettgeri strains had two different origins, which coincided
with the two different hospitals where they were isolated. The
strains isolated in each hospital shared the same integron
structure and also the same incompatibility group. These

results strongly suggest that nosocomial infection by Prov,
rettgeri occurred in the two different hospitals. Moreover,
these blapvp.;-encoding plasmids could transfer from Prov.
rettgeri isolates to other species and their incompatibility
groups could expand to other Enterobacteriaceae. This result
suggests that the spread of this imipenem-resistance factor to
other Enterobacteriaceae is not very difficult.

In conclusion, we report the finding of Prov. rettgeri isolates
that harbour a conjugative plasmid containing an integron
on which blapp.; is encoded. Our results very strongly
suggest that nosocomial infections by IMP-1-producing
Prov. rettgeri occurred at two hospitals. IMP-1-producing
Enterobacteriaceae could become a serious problem in the
future, Thus, it is important to continue surveillance and
monitoring of carbapenem resistance and reduced suscept-
ibility Enterobacteriaceae including indole-positive proteae.
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Semi-quantitative analysis of Streptococcus pneumoniae urinary
antigen: Kinetics of antigen titers and severity of diseases

KAZUHIRO TATEDA', EMIKO KUSANO? TETSUYA MATSUMOTO!,
KAZUHIRO KIMURA? KOH UCHIDAZ KOICHIRO NAKATA? & KEIZO YAMAGUCHI!

From the Departments of *Microbiology and Infectious Disease and 2Respiratory Medicine, Toho Universizy School of
Medicine, Tokyo, Fapan

Abstract

Detection of urinary antigen by a rapid immunochromatographic membrane test (Binax NOW) was widely accepted as
a powerful tool for diagnosis of Streptococcus pneumoniae pneumonia. This is a qualitative kit, so the value of
quantitative analysis of urinary antigen, especially correlation of antigen titers and severity of diseases, remained to be
determined. We examined semi-quantitative antigen titer in urines collected from urinary antigen-proven S. pneumoniae
pneurnonia on admission, and analyzed the kinetics of antigen titer and its relation to severity of diseases. After serial
2-fold dilution of urine, the highest dilution for positive results was determined, and this was designared as maximum
dilution factor (MDF). MDFs varied from 1 to 4096 in 29 patients examined (mean MDF, 317.8). Importantly, severe
cases of S. pneumoniae pneumonia were higher values of MDFs (mean MDF: 760.5) than those of non-severe cases
(mean MDF: 5.4). The patients with high MDFs (>64) demonstrated higher values of I.DH, CRP and lower values
of WBC and PaO, compared to those of low MDFs group (<32). There was no clear correlation between CRP values
and antigen titers, and conversely the majority of severe cases showed relatively weak CRP responses, despite high levels
of bacterial antigen. Kinetic analysis of urinary and serum antigen titers in 4 cases of S. pneumoniae pneumonia
exhibited consistently higher values of antigen titers in urine than those in serum. The half lives of urinary and serum
antigen titers were calculated to be 1.0-3.4 and 1.1-2.3 weeks, respectively. These data suggest that quantitative
analysis of urinary antigen may be a useful indicator for severity of disease and course of S. preumoniae pneumonia.
Our results demonstrate an application for S. pnenmoniae antigen titer determination in urine and serum, which
may be crucial not only for diagnostic measures, but also may provide a better understanding of the pathogenesis of
S. pneumoniae infection.

Introduction Recently, a new, rapid immunochromatographic
membrane test, the NOW S. pneumoniae urinary
antigen test (Binax, Inc., Portland, Maine), has
been developed for the detection of antigens of
S. pneumoniae in urine samples [4). This test is
simple to perform, detects the C-polysaccharide
cell wall antigen common to the majority of S.
pneumoniae strains, and provides results within

Streptococcus pneumoniae has been consistently
shown to be the most common cause of commu-
nity-acquired pneumonia (CAP) in both adults and
children. This organism accounts for about two-
thirds of cases where an etiologic diagnosis is made
[1]. In particular, systemic pneumococcal infection
is a major cause of morbidity and mortality, espe- 15 min. The utility of this assay has been repeatedly
cially for young children, people with underlying demonstrated, in which sensitivity and specificity
diseases, and the elderly. Rapid diagnosis and proper of this kit was shown to be 65.9-82.0% and 89.7—

antibiotic chemotherapy, in addition to correct 100%, respectively [5-9]. It is likely that recovery of
evaluation of severity of disease, may be crucial for bacterial antigen from urine may be associated
determining course and outcome of S. pneumoniae with invasion of bacteria or dispersion of bacterial
infection [2,3]. components and products into the blood stream.
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Thus, it is reasonable to query whether intensity of
urinary antigen reflects intravascular loading of
bacteria, and more importantly, severity of disease.
To answer this question, we have examined in-
tensity of urinary antigen by diluting urine samples in
a serial 2-fold fashion. Our data suggest a correla-
tion between urinary antigen titers and severity of
pneumeonia. Furthermore, the kinetics and the half
lives of urinary and serum antigens were demon-
strated in patients with S. pneumoniae pneumonia.

Materials and methods

Collection of clinical data and samples in S. pneumoniae
preumonia cases

Urine samples from CAP patients admitted to Toho
University Hospital were tested for pneumococcal
antigen using the NOW S. pneumoniae urinary
antigen test. Urinary antigen positive cases (29 cases;
age range 18-86 y; 66% male) were recruited as part
of the present study. Clinical and laboratory data
were recorded, and urine samples were stored at
—80°C until used. In cases presenting with dyspnea,
arterial blood-gas analysis was performed before and
after oxygen supplementation. All enrolled patients
had an acute illness with clinical features of pneu-
monia and radiographic pulmonary shadowing that
was at least segmental or present in 1 lobe and was
neither pre-existing nor due to some other known
causes. Patients were excluded when pneumonia was
not the principal reason for admission. Also, patients
with history of pneumonia within past 3 months
were not included in this study.

In 4 cases of urinary-antigen proven S. pneumo-
niae pneumonia, urine and serum samples were
consecutively collected over 17 weeks after admis~
sion, and these samples were also stored at —80°C
until used.

Evaluation of severity of diseases

There are no universally accepted criteria for severe
or non-severe CAP [2,3,10-12]. According to pre-
vious reports, we have used 1 set of variables that has
been proposed as a reliable predictor defining severe
CAP: the presence of 2 out of 3 possible minor
criteria (systolic blood pressure <90 mmHg, multi-
lobar disease, PaO,/Fi0, <250), or 1 of 2 major
criteria (need for mechanical ventilation or septic
shock).

Qualitative and semi-quantitative analysis of
pneumococcal antigen

The urine samples were tested using the immuno-
chromatographic assay Binax NOW S. pneumoniae

Wednesday, 9th November 2005 13:45:43

antigen (Binax). This test detects the C-polysacchar-
ide antigen from the cell wall of S. pneumoniae
that is believed to be specific for a majority of
pneumococcal serotypes. The test was performed
in accordance with the manufacture’s instructions. A
swab was dipped into the urine sample and then
inserted into the test device. A buffer solution was
added, and the device was closed, bringing the
sample into contact with the test strip. The test
was read at 15 min and was interpreted by noting
the presence or absence of visually detectable pink
lines. A positive test result was indicated by the
detection of both sample and control lines, and a
negative result was indicated by the detection of
a control line only. The results were read by
2 observers and consensus data were used for
following analysis.

For semi-quantitative analysis in urine and serum,
serial 2-fold dilution was performed with phosphate-
buffered saline, and then presence of pneumococcal
antigen was examined by the NOW S. pneumoniae
urinary antigen test, as described above. The dilu-~
tion at which urinary antigen is positive, but negative
at the next 2-fold dilution, was designated to be
maximum dilution factor (MDF) in the present
study.

Statistical analysis

We used Student’s r-test to compare quantitative
variables. A 2-tailed p-value of 0.05 was considered
to be statistically significant.

Results
Urinary antigen titers on admission

MDFs of 29 cases of S. pneumoniae pneumonia
were examined in urine samples, which were ob-
tained and stocked on admission (Figure 1). MDFs
varied from 1 to 4096, with the median value
calculated to be 317.8. Next, we examined the
correlation of urinary antigen titers and severity of
disease, as defined in Materials and methods. MDFs
of 17 cases with non-severe diseases ranged from 1 to
32, with a median MDF value of 5.4. In contrast,
MDFs of 12 cases with severe pneumonia were
widely distributed from 1 to 4096, with the median
MDF value calculated to be 760.5 (p <0.05). In the
present study, 2 lethal cases were included, and
MDFs of urines in these cases were 4 and 4096.
These data demonstrated that severe cases of
S. pneumoniae pneumonia appear to have higher
MDFs in urine than those of non-severe cases.
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