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PYRARBIT L EBEREAF V) Vit Staphylococcus aureus (MRSA) D
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10°CFU @ * # ¥ V) vtk Staphylococcus aureus (MRSA) N 133 2~ 7 A RBNICEMT 5 L, #
B8 3 B4 IE BN 547 10°CFU it & h, #0#E%Iz 1 B#ic 10°CFU, 3 H#kic 10°CFU &
DL, 5 BRICIIBU10°CFUSES £ THML 10 B I2IZEMS RS n i, BEATE»5 10
mg/kg ® ampicillin ¥ 1 H 2B 4 HME T#& 53 2 £ MRSA OEBANBEBPLRES N, 0D
MRSA O ERABITHM X cefotiam TR PLME| 2 1, cefozopran TELWCHIESI N, APV A%
N 37D SEMERCHBFERNETO 0, RBELETSE 50 ICEBERNIC 200 mg/kg D cyclo-
phosphamide ¥ 7:iZ dexamethasone 25 L T8 < &, HBEATO MRSA O EES Nz, —
7, ERERGC Enterococcus faecium %fEOREL THE L LEABEFHNEDAR Vv Aick 5 MRSA OER
NEEEEIF S iz, U EOBERD» S, HEMELLT LS MRSA OEBATOMBEERET 2
bITIREL, BLARFETRPFERCLAA M AOHEOANKENI EBTBREINT,
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HEBEAN T X F ¥ Y Vit Staphylococcus aureus (MRSA)
BARCHEML THZ 3 MRSA B# 1, BYIRMAZIRUD
T35 EMHLEFNRCETFRT 2—BOERAEBLTDH
D, EMNETIRIBSEEIrS|ESNBHL™, 20
MRSA B#13, #iteFHICBIRE (5 F# & HE DKk
THI*EL, MRSARPEDZHTH o & b EBLIER
EDQV D% > T3, itk MRSA Ig & FHE O RHR 15T
WRREIC LD EZB8KEL, MWL LTEBRERBETE
Bbo L bEBELINTWVS, MRSA KT 2B BER
LT %7270 MRSA BEREMSHEMUIEUDEHEHERT
MRSA BATCEARERE b X 5 BE IXH - 1208, BEK
BERERI ELOSTOHRETE7—AWH 3,

MRSA BEBEACEVTEZ O LIELITAERNICERL
Twd, FEEDTRTHBMRSABRERET 2bII T
Zwds, MRSA BA IZBAELSBITLTBERCESRLZ
BoFEEL k> TR 5AREMSEY, £ZT, YVA%H
DR IEE L 7 MRSA OEBANOBAT - B &
BT HEETOREEFART,

B, RHRXOESIRE 4 A AKX CEREFSHEEEX
HREY v RY Y b [EEBREMRICB T 2BEEROER
EBY) KBWTREERL

I. # B & H &

1. & &
S. aureus N 133 i3 1983 X BEOEE» SN BES

T2 X F ) vitEtk (MRSA) CRIBKERTEFR
RROMREHER L VA5 sz, BRLEREESEE
HBICHE, BEEER 10°CFU/ AKXy b, Mueller-Hin-
ton ¥Z#h % F v e MR EARFERETHE L 72 N 133 i
THREHREWED MIC ik Tablel DL TH 3,

EHBRDO—H D THSBKE (Enterococcus fae-
cium) 1% 4.8X10°CFU/ml OBEICAF A I N7 IR
BLTHERELIRETEL 7 2V 8 VHERER L 5
sani,

2. ¥ A

Methicillin (DMPPC, &%), ampicillin (ABPC,
BHYSBUEL), cefotiam (CTM, EH), kanamycin (KM,
BRY4HE), gentamicin (GM, ¥ 7<), cyclophos-
phamide (CY, #¥%#), dexamethasone (DX, ¥ 7
<) TRk % A7, Cefozopran (CZOP) & H
EGMRFCER SN bDERAVT,

3. B ¥

ICR*7RX (HEF v+ —NVAYIN—), X, 588
EEA L, vV ARERES (CE-2, BAZVv7) B
S UKEAEHBRICEBIREE, B 24+1°C, BE 50+
5%, ALREER (487 REALT, % 7THRMNLT) ORE
TCTHEHELK, &8, £E»502 RBEE2HST-OETF
BEMEERD 7 —Y T, 1ESEERIZI0EE LY,

4. BEERBORAY

S. aureus N 133 % Brain Heart Infusion (BHI,

* AHETHREXRMETF % 1
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Table 1. Susceptibility of Staphylococcus aureus N 133 to several antibiotics

. MIC (ug/ml)
strain - -
methicillin ampicillin cefotiam cefozopran gentamicin kanamycin
S. aureus
>100 >100
N 133 >100 25 >100 25 0
Difco) T 37°C 18 RsMIMMENRE L, S3I T MW % - n

BHITI0EARL THEMER (3.4X10'~9.2X107)
CFU/ml & L1z,

5. MRSA s

Ry MM EY - (50mg/kg) RBERKEEL T
FRBEL 2o ADOMBEMIC 6.8X10°~1.8%x10°CFU @
MRSA #*8U0 LITHH 20ul v 70y M2
WTHEEL T,

6. A BIUBRFOKRS

NAEMEZEBEEEREAKICER, —40CIHELT
REL, BEBCHEAEMCERTHEL, LZ2bCE
XiEl L B2 K THE L 72, Cyclophosphamide
BEAEANCEHAREA (KR) THMEL, b
BEREN#E S L 7z, Dexamethasone i ®D 5 H.és% Hw
T 0.2%carboxymethyl cellulose #¥ S TH— s B
BELTETERELE, AFLIVIRZBELIE
Saecium BB IZ—80°CWZ L TREL, BREBICHEH
HANCERTHREL -V A4z 9.6X10°CFU &0
BEL 7,

7. BAREFM

RY PNV E S —VEKEET, MRSA 2 EEL EE
D= Y ACHEBEFYIAERKL 2o $2bb, REA
NYITEMBIUBEE2 1cm YIEL, BEENICH
K[EREDAALIEBICS vy NEA#H 2AWCTERT
BEL

8. EEA MRSA £EBOHIE

MRSA #BH A WCER L 1-FRFETI 85 2
0D~y XA 2BHL, BIBAD MRSA EHHZHEL
oo B X UEBANERERET 28B4, 0.5~14
RIDL—F VKRR HEL 72 7 A DBk % 1M L
THROBFE SR BB X UEB* BB CREL,
BEBNEROA2RIET 258138 3 4HO . — 7 VEK
BTEBRLIV AL SEB 2 EENCHEH L . &t
LB URNBEME2SERI 3Iml OBERERKE
LYz EB R EYF 4 ¥ —AHS-1 (KAZHE) T
ESFA X LI, TORESA— N 2HBEREKCHEE
FHL, 0.1ml % 20 ug/ml O GM B & U 20 ug/ml O
KM 2EMLi-v =y FRIEEM EICBHL 2,
37°C 24 BERIZ %, HREN:ao=—HEFHIL,
WY OEBEEL L7,

1. WHA S. aureus N 133 OBIREIM L

S. aureus N 133 2 SREEL eV ADOEBKEY
A—PR2&20ug/mOGMBLUKMEE~v =y
A ERL L EEFTLEOEKEID TR
P (=vA4) kD, %7 methicillin, tetracycline,
GM, ofloxacin 8 & Uf novobiocin 23Xt 3 5 EHEZ 1t
%, ¥#I&H Mueller-Hinton Agar (MHA, Difco)
CEBEERAHXY MERMTZZ LI DM (Table
2, ARLV20=—DEPRET X THEMES.
aureus N 133 OHRE—BL T, 72, HART 7 RAOD
EBARESRXR—MIC S, aureus N 133 28 MmML T LR
Rt ML 728 E, 100%D S. aureus N 133 258iR
B bwcaoo=——%FERL, HOBOEFRIED SR
»oleDT, LERRBHTEBRNCBITLLS
aureus N 133 S ERICRE T E 3 Z L BERB S h iz
(F=FRRLTWwEW),

2. RAEBROEBNEERHER

10°CFU @ S. aureus N 133 % SREML -BOEH
REFBOHBER T, HH1RMECIIEFBERAI
MRSA BHFEE¥ TERMINT-BDOII LA EBHICEE
LT, IRFMIEICIIBEREL /-HRD 10% 4T 3
10°CFU OB EB» SBIR & /-8, 24 BERI& Iz
K2A—¥—®PLN (Fig.1), EEIHABRICIIEE
HEBIZE S5ICHD LIbs5 B#i2i2 6X10°CFU i
L, I0H&RTHLS HEOHBENIZZEFIh T
(Fig. 2), &8, MFH5B3VTHOREIIEVLTHE
1T 120, Tae k¥ (RIS ISR AN

3. N&EVEOESE

MRSA OBEERBEBECHEME MEEN CERAT 3
AJEEMLIE X 55D T, MRSAERE 1 HAis» o 4 H
f110mg/kg ® ABPC % 7213 CTM 2 1 H2 G K T #
Sl s0BE7 HEOEBRNEER (Fig. 3) $X
vf, [FI#RIC 20 mg/kg @ ABPC ¥ 721 CZOP % fF T
5L7:t &0 MRSA 85 HEOEBNLEHEHK (Fig.
4) ZREL, 28, NEVEORSRBIRATO1
EY47z D 58 250~1,000mg % & &1 10 % 721X 20 mg/
kg WRE LTz, %8B, 20mg/kg ® ABPC o5~
vaAVF—HEMICETT 277 ARERESSENTE
FHEmML 7z,
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Table 2. Characteristics of bacterial clones recovered from caecum of mice which were intranasally inoculated

with Staphylococcus aureus N 133

S. aureus Clones recovered from caecum of mice
N 133 a b c d e f g h i
Fermentation of
Mannose + + + + + + + +
Maltose + + + + + + + +
Xylose - - - - - - - - - -
Ribose - - - - - - - - - -
Lactose + + + + + + + + + +
Sucrose + + + + + + + + + +
Turanose + + + + + + + + + +
Mannitol + + + + + + + + + +
Trehalose + + + + + + + + + +
Raffinose - - - - - - - — _ —
N-acetylglucosamine + + + + + + + + + +
Fructose + + + + + + + + + +
Alkaline phosphatase + + + + + + + + + +
Voges-Proskauer + + + + + + + + + +
Nitrate reduction + + + + + + + + + +
Urease + + + + + + + + + +
Arginine dihydrase + + + + + + + + + +
Susceptibility to
Methicillin r r r r r r r r r r
Tetracycline s s s s s s s s s ]
Gentamicin r r r r- r r r r r r
Ofloxacin s s s s s s s s s s
Novobiocin s s s s s s s s s s
7 -
6 5r
= _
% ® % 4 o o
2 4 g .l ) 8
2 s ) o
(o]
o 3
= & 2f © o
W 9 ~ o
S )
— ! Q 1 ©
1F -
<1 T M < —r—>—-— 00——0—

Time (h)

Fig. 1. Viable cell counts of Staphylococcus aureus N
133 in the caecum and lungs of mice after intranasal
inoculation. Mice were intranasally inoculated with
1.8X10°CFU of S. aureus N 133. The caecum and
lungs of mice were homogenized and viable cell
counts in the homogenate were determined as
described in Materials and Methods. Caecum
(O), Lung (A).

Vehicle D&HERBEAERS L IMNB Y XTI, 10
5Pt (Fig. 3) ¥ 7-ix10me 2 (Fig. 4) TR
RESsRHE IShEd oz, ABPC 285 LB E,
Fig. 3 DERTIXETEHIEML 71223, Fig. 4 DE
BTRERINBREZREHKTCH- 2. —F, CTM

Fig. 2. Viable cell counts of Staphylococcus aureus N
133 in the caecum of mice after intranasal inocu-
lation. Mice were intranasally inoculated with S.
aureus N 133. The mouse caecum was homogeniz-
ed and viable cell counts in the homogenate were
determined as described in Materials and Methods.

BREBECHEBNEFRIZFY 2X10 CFU THRHEBEEOD
2X10°CFU & » 2% < (Fig. 3), CZOP&E5H T
BREENE > B EhZxd»-7 (Fig. 4), FHFED
BRIIFOERTLE N, FEBEROBEREELED S
iz,

4. BBEFHOXE

MRSA #EBERICHAEFNEEL -RFOBES HE
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Fig. 3. Influence of ampicillin (ABPC) and cefotiam
(CTM) on the growth of intranasally inoculated
Staphylococcus aureus N 133 in the caecum. Mice
were intranasally inoculated with S. aureus N 133.
Antibiotics were administered subcutaneously at a
dose of 10mg/kg twice a day for four days
starting on the day before inoculation. Viable cell
counts of S. aureus N 133 in the caecum were
determined 7 days after inoculation. Open circles
indicate viable cell counts in individual mice.
Closed circles and bars indicate geometric means
and standard deviations, respectively. Dotted line
indicates the limit of detection.
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Fig. 4. Influence of ampicillin (ABPC) and cefozopran
(CZOP) on the growth of intranasally inoculated
Staphylococcus aureus N 133 in the caecum. Mice
were intranasally inoculated with S. aureus N 133.
Antibiotics were administered subcutaneously at a
dose of 20mg/kg twice a day for four days
starting on the day before inoculation. Viable cell
counts of S. aureus N 133 in the caecum were
determined 5days after inoculation. Open circles
indicate viable cell counts in individual mice.
Closed circles and bars indicate geometric means
and standard deviations, respectively. Dotted line
indicates the limit of detection.

DEBNE&EHEZHAIE L (Fig. 5. SEREOCEBA
B DT 1x 4X10°CFU, FANEROFHIZ 2X10*
CFU TH ) FMizHT L AR CEBLEML 72,

5. FENHIORE

MRSA #£%& 3 Hfiiz 200 mg/kg ® CY =HEEANIZ,
7131 HETC 200 mg/kg D DX 2EFekREL, Xt
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Fig. 5. Influence of abdominal surgery on the growth

of intranasally inoculated Staphylococcus aureus N
133 in the caecum. Mice underwent abdominal
surgery soon after intranasal inoculation of §.
aureus N 133, Viable cell counts of S. aureus N
133 in the caecum were determined 5 days after
inoculation. Open circles indicate the viable cell
count in individual mice. Closed circles and bars
indicate geometric means and standard deviations,
respectively. Dotted line indicates the limit of
detection. * * P<0.01 (Mann-Whitney test)
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Fig. 6. Influence of immunosuppression on the growth

of intranasally inoculated Staphylococcus aureus N
133 in the caecum. Mice were immunosuppressed
by intraperitoneal administration of 200 mg/kg of
cyclophosphamide (CY) or subcutaneous admini-
stration of 200 mg/kg of dexamethasone (DX) 3
days or 1day, respectively, before intranasal
inoculation of S. aureus N 133. Viable cell counts
of S. aureus N 133 in the caecum were determined
3 days after infection. Open circles indicate viable
cell counts in individual mice. Closed circles and
bars indicate geometric means and standard
deviations, respectively. Dotted line indicates the
limit of detection. #*P<0.05; NS,not significant
(Mann-Whitney test)

BEHEL T (Fig. 6), NEEHEOFHELK 1x10° CFU
L, CY 58 TIFY 1X10°CFU, DX ##58T
137 8X10°CFU DE SR S hGEMslic k> TH
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Fig. 7. Inhibitory effect of Enterococcus faecium aga-
inst growth of intranasally inoculated Staphylococcus
aureus N 133 in the caecum. Mice underwent
abdominal surgery soon after intranasal inoculation
of S. aureus N 133 as described in Fig. 4. Mice of
one group were orally administered with 9.6Xx10®
CFU of E. faecium twice a day for 3days until
the day before inoculation of S.awureus N 133.
Viable cell counts of S.aureus N 133 were determined
5days after inoculation. Open circles indicate
viable cell counts in individual mice. Closed circles
and bars indicate geometric means and standard
deviations, respectively. Dotted line indicates the
limit of detection. * % P<0.01; NS, not significant
(Mann-Whitney test)

BICHBEBSEML 72, 72, Figs. 2~4,6 Rl &
S BB TIEI—E D~ AT MRSA B & i
BB LY, RENFHI~ Y A TRERLFIO~T A
5 MRSA g s h iz,

6. BREREORSOXE

MRSA ##E 3 HFil» 5 1 HAlE T 10°CFU @ E. fae-
cum 1 H2EEOKRE LIV AL, BALBED~Y
AexL, BEEERCHEFMNEREL, 5 HREOEEBEN
EEHEHEL N (Fig. 7). BEFHOLDEOERE
NEEH T 8 X 10°CFU THIBREEF D 2X10)CFU
I EBE S Po 1, E faecium H5H U HKE
LB 2BEFHE2 L LETIIEHTXI0’CFU TH
D, MBEICITVWERTH- 2,

<7 12 50~250 mg/kg ® ABPC #5735 % L [5N
HEENEST LI LBHRESNA TR, 22T
MRSA#ZE1HA » 5 1H2ME 4 H 100 mg/kg @
ABPC #FTFiz, AF¥ALINZIZEEL /2 10°CFU 0
E. faecium 2R OTHRSL, MRSA BB 7 HEDEB
NEEHEHAEL 72 (Fig. 8)o ABPCMX TAF A
SN EBRELLEOEBNERLIZFY 6X10°CFU
T, EEBEADSF K TS L7BO 6X10CFU X
h&notz, —f, ABPCIZIIZ T E. faecium %15
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Fig. 8. Inhibitory effect of Enterococcus faecium aga-
inst growth of intranasally inoculated Staphylococcus
aureus N 133 in the caecum. Ampicillin (ABPC) or
saline was administered subcutaneously at a dose
of 100 mg/kg. Skim milk with or without 9.6X10%
CFU of E. faecium was administered orally. Both
were administered twice a day for four days
starting on the day before inoculation. Viable cell
counts of S. aureus N 133 were determined 5 days
after inoculation. Open circles indicate viable cell
counts in individual mice. Closed circles and bars
indicate geometric means and standard deviations,
respectively. Dotted line indicates the limit of dete-
ction. NS, not significant (Mann-Whitney test)

LBOEBNERSIZ T 8X10CFU TAEREK
DHEHRELIZEED 6X10 CFU & IZIZAKTH - 72,

1. * =

AF V) Uit S. aureus N 133 £~ 7 X2 S B EE
Lkl 3, SINFMBECRIEBANCEEREDOK 109
D13 S hizy, 3HEE TCREY LED, 0%
WL TtA 2 edb 10 HEE CRIZ—EDHEB MR
At (Figs.1,2), 2O oo, KRERRITARK
ZRAFIF & L7z MRSA S8BERID > b L E 2 &
HLTEBRNETCEEL, AL 29H0ORE Y £ A
B ESHENREMEENICEE LS EEST 2%
THBEIEBRESHER ST, ZOREBTEERETHES
ENTHED»RBTHRENZONZHESHLIZT B
i, IORMOBREBRET S, i, B3 HEUED
EBRNEEHEIEEFENKREL, O~ Y R T
MRSA st &z o7 (Fig. 2)e 2HOEDT TR
BRRBCER2HRLCLE> b D BEbh 3, HH
SMIIBEIW S, aureus ERBELTWAEI Y AT, &
O#EL - MRSA BBELSHBRINPT VI 28
HELTBY, BOHREEC IMEA TR 2EE7 o —
THRERLTW TR LEZ SRS, LL, BxD
EERA T3 CY MLEZE T MRSA g M&Ei s n-2 &
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05, BE70—7 UNOETHIE OHIRIECER S 2
boTWwa I ERBANT,

—#iz, HEYERSICL > TERRBAN7 20— 4
ZE L MRSA»EFH LT < %D, MRSA £ FE
DERERBLEZONTVWS, FZTRIE»SBITL
7z S. aureus N 133 DEBAEMIC 6 L IRTHENRD
BEE2F I, ABPC iz MRSA DOE RPN % LR
#TBEAERL, CTM Zo#flL, CZOP k%2
WRHIEL 72 (Figs. 3,4)e CTOZ &S S aureus N 133
DEBRANDBITS L U B X Ii2T RBIZERIC X
S TR Z LT ENIz, ABPC D S. aureus N 133
wxtd 5 MIC i 25 pg/ml, CTM @ % #uid >100 ug/
ml, CZOP 1225 ug/ml TH 5, —7F, HBPAMIIERED
% wxtL T ABPC W HiE I 2RL, <7 ABA
70— 2EH T, CTM B & U CZOP OMIEE
T AREHRPEETH L, S aureus N 133 D
BEBNEECE LIRTEESEFAICL > TRZHEB
i3, KEDOEKBRZMOZE DS T TIZHBELOH»
F, YVADOBNETEBCEIRTREEORVLEES
LTwsEtBbha, MRSABABECESLTW3
EEDLNTLREIMRL 7 2 2 ODHEESERR
HI2LERDL0SEERAL LERICELTE XY,
MRSA OEBNEREICH T 5 REFER IZ LBV &
Zzo6h5,

MRSA B4 xRN R 2L IC ARRBEOF MR
WRIE L BB SHME SN TV, ARBEIE
KTCHEET 2REEHEZLT, HAEEERO Y AIH
BFHEHEL, BE HREOEBNERBCHEL /2.
BIEFMEMT & S. aurews N 133 OEIFPIBEREL R
ahi: (Fig.5), SEHOERTCEINHELEZOLDZIX
ADONBE LR BpoT: s, FMLEAMVR
BT ADMRBRERZERT ¥, BRNEE2{EEL b
NDEBbh3, ZOZLIZCY :7/:13 DX TRIERER
ETX¥7eTAKLS. aureus N 133 25 BEMEL 1235
&, WEHCHRTEBRERENERCS P S
(Fig. 6) Ze»bdbXFEINE, EEYYITHRIT
3 3 BBOEBNESES, CY £ DX 57X T
B Lisdro 7o, RFREET <V A CRABHOE OHE
BE+ATLT, BRELTEBAEEEET 2L
ol Bbhs,

—%4, SHEMEABENAZ, NEYERSKRCBY
BIEEZBBA 7 0 — 7 O CER TR R DRI
PHET 2 EBHESI R TVEY, BRN7u—5 D%
HFHEHCHNT, KEBRRZBWTHRAMAICEENS
E. faecium 2HER LTz, S. aureus N 133 % 5255800
2 E. faecium FEOBE LI 2, NEHLIVLE
BREHESTIZ ohb Z L3R e BFEMC L 2 5B
NETEEE I I# 2 ni: (Fig. 7). %7z, EERH»

51H2E4EMABPC 2K Tz, A¥ALINV72E
OTHRET 5 £ ABPCREHMOBA L DEKIC
MRSA OEHAMM EE S vz (Fig. 8)s ZOHME
N MRSA ORIk, ABPCIZX2BAR70—-50D
WELIZ ABPC LAF A SNV DBEREICEBA MY
ANMbotl ENFELHLOND, COBFOLAF
AEWZIZE. faoecium EBALTRETHI LT
MRSA O EBARY MMM E NI, ThdDER
»5, EHMKEAKELTBL & MRSA OEBAT
DOREMME BT 5 TS TR EN S,

UEDZ L&D, MRSA DBEARNDBITHHEIC S
LFIZTHEVROV BB, L ARFEETPFHC
EBANVADKBOHBKENI LHTRENIZ,
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Studies on colonization of mouse caecum by methicillin-resistant
Staphylococcus aureus (MRSA)

Masazumi Hisada", Tadao Manabe", Naoko Kato?
and Kenji Okonogi?
YFirst Department of Surgery, Nagoya City University Medical School, Nagoya, Japan
PPharmaceutical Research Laboratories I, Takeda Chemical Industries, Ltd.

Methicillin-resistant Staphylococcus aureus (MRSA) N 133 was intranasally inoculated to mice.
Three hours after inoculation with 10°CFU of S. aureus N 133, 10°CFU of the bacteria was
detected in the caecum. The viable cell count in the caecum decreased to 10)CFU three days after
inoculation but increased again to approximately 10°CFU five days after inoculation. And the cell
level was maintained for at least ten days. Ampicillin increased the viable cell count slightly
when administered subcutaneously at a dose of 10 or 20 mg/kg twice a day for four days starting
on the day before inoculation, whereas cefotiam suppressed growth slightly, and cefozopran
inhibited it completely. When mice underwent abdominal surgery to provide stress or were
administered 200 mg/kg of cyclophosphamide or dexamethasone in order to supress immunity, the
growth of MRSA in the caecum was enhanced significantly. On the other hand, oral
administration of Enterococcus faecium before inoculation suppressed the excessive growth of
MRSA induced by abdominal surgery. These results suggest that immunosuppression and stress by
abdominal surgery play more important roles than antibiotics in the growth of MRSA in the
caecum.



