2. FHBRLE ERMETRHRRE - Bl
£ 2. HHECE T EHPROEMESCMT o8

- ishide ' Wiiita | Motsushima | HRRET
s VR DT S{n=552) | (n=200)'1|" (n=232)_ 1 {n=218)
e 140(25.4%) | 41(20.5%) | 57(24.6%) | 53(24.3%)
AN HE 38(6.9%) |22(11.0%) | 43(18.5%) | 24(11.0%)
HBEvraFsxy a7(6.7%) | 19(9.5%) | 12(5.2%) |24(11.0%)
B#25:07 34(6.2%) | 15(7.5%) | 15(6.5%) -
iLl)— -7 20(3.6%) | 4(2.0%) | 5(2.2%) | 6(2.8%)
wEEE 17(3.1%) | 8(4,0%) | 9(3.9%) | 18(8.3%)
HENE 16(2.9%) 5(2.5%) 3(1.3%) | 10(4.6%)
W7 Fo7EM 16(2.7%) | 10(5.0%) | 8(3.4%) | 12(5.5%)
sam 14(2.5%) 4(2.0%) 1{0.4%) 5(2.8%)
EF2€T-hF5-N2 | 11(2.0%) | 6(3.0%) | 5(2.2%) |13(6.0%)
AILWISIOT 11(2.0%) | 2(1.0%) | 5(2.2%) | 3(1.4%)
iz 7(1.3%) = - 12(5.5%)
L4235 4(0.7%) | 201.0%) | 9(3.9%) -
TR 11(2.0%) | 6(3.0%) |37(15.9%) | 13(6.0%)
it 199(36.1%) | 83(41.5%) | 62(26.7%) | 63(28.9%)

5. BERHOERIZEETH S, BERRLMT 5 2200 (L FE A B B B Rk
tﬁﬁﬁfﬁkf»ﬁ’kt )

(2] EBLRERAE

DHEI BT 2 THPIRORREICHT 284 L bhbhOBXERS [H: (TTA) 0t - 2R
2 (o, EEERIL Th 0 . SO L, FizsERE (20~25%). 1 > 7 o HH (7
~20%). B4 277 X< (5~10%). ik 7 7 £ 97 (6~7%) TH 5, HhiiLOEHIZ =0
4 FERETHERESED TOROT E TR IO {EREREE LG E T 2 2 btk s, bdiE
THES N BREREOR 80%1k v 2 07 4 FRECHESH D, Lt 204X T ~TH~7
074 FRBECHEREETRT ) Y/ —LAZR (erm-BliETFHK) TH S, shidw2o74 F
FHEIFTFT S Ro9A Y (AZM: 202w 2% ) ERE, 4 ¥ 7V U FREAORZSEHE., #
DD HFFPRIRLEH A ¥ Z A Tk, METER &Itk 280 LREABRT 5 X 5
iZizo T3,

(3] ARDRER

bl DaHe b 3L FHROMFBEEICEEE 2 L% o8, LEREMES T2
ZETHD, HAPRRBFEN A ¥ 74 Tl ERERE 208 L R FREGERR 21T, #
L POET 5o [FINMEAEARAC 1B & FEE it 2 &I L (Ah) . aREErdw 5, IR
HEEHESE T2 L 2R OREREIC R EEE 2RI 5, /- EEE T ICU Bl
HEPIC =B » 7 CBA T~ ZFHHER X LTV 35, IR A F I 4 > TOHSEE
HloO—ME7+0, FHEECHTRYT M F 74 - E28EHL THEE W,

PR 5T 28512, BRLBRET20TIR%Z (. FRICBY 2 HBEEEOEYRINE (phar-
macokinetics | PK) & #/1%¥ (phamacodynamics ; PD) # B L - 52 8IRT 2 TH
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C. WEBISRE
a 3, mwm&rmam

e i ] "lrlﬁ:’.@”.-' ol ¥ - "' '.".'.'7...;',' ..... ] A s ¥
|.\ A= 7?5?-—1le!¥£&'{ RS Y 7?97~'L'FEEEE‘”\—/’J-'¥-
ﬂl&ﬁ&ﬁ - A
LAES ) —%/0-808 = - mEitte T x ARIERA
Za—#/0-FaEHA
3 :] o 72031 FREQA L F RS2 A REEHA
EIBLR FhSHA7 ) rREQN (W2 054 FRixHAE
LRES P —F/s0-808 —a—# /0 FENE
FEITF !
TR R [ FEFLL) - (HER) iR S REESA(EER)
AFLFEOH e RUTEYL
LAES ) —%/0 808 Bttt 7 > LREEA
FEITF | AR LRGSR
17N B-F2 8 T—HEBEESAZ R KT
filisi5d EEOH (W= - = - Tz LARENA
= - =fifu 7 AREOH PZa—% /0 FRiEsE
Za—%/0-B0Of :
Ly EmeRE || = -FREEQH Az L) L REERA
vs0351 FEO#H :
—a—%/0-807/ P Za—4/0-FRiENHA
2054 FREOH Cwonsq FREMEI+Y Ty EL
WZrrEs !
TR T ST |
ICU M R - = 28
LRSS LR & —a—%/oREHA
CEES O Tz ARERM 2T F YA 2 R NHE
R P F VN A e L0541 FRiEHA

(TR 5) & D — Bk

2, VIRBEORR LT 5 PK/PD AT A—F —i, =a—F /0 REE-7 2 /fOBRET
it AUC/MIC TH Y. -9 2% A2 074 FRETH timeabove MIC TH 3, Lizhi-
T, Za—F /0 FdE-7 3 /EIHFRETE | BRERY 1H 1 RITHRS L L, g-7 79 L8
TRESESE 1 H 3~6@ET3H8E07,

e, 3 BT BBV, RBSTEELIBIE L e 5, A4 F 24 Tk, BIEREL
CRP i, HRFEfRarR 2R HEREL L TwaY, iSRS R{ b M TEY
B, WEHETHD 1AM SV REERAEBEL, FNET 2 2 LR Lp R T 408 b 5,

[1] EBE2H

Bepaitise & i, AR 48 FHHIL LA T S FHE LR EEE S T3, HL, v ¥4 327
e TR IR 2~10 B L HRLO T, ST 2 5080556 %,

BePaitise SHEEHR - B4R R - Miehieds e ¥ SR 2EE . Fsl X SR CiT ol 2 mEl
T4 TR 5, L LBl O8SE, MBS OBRBIES: ¥ T, MikoREHE
N0, B ko DT AMANHEOT, EEHMETH S,
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2. FHBBRE B TRHERE - Wik
B X 5ROk L B L2 R 4. RARRORRSOANASE

BiciE. ZORHEE %2 - ARG omEE '"g'g‘:jr“aun
BT 27 DORELTT S ST 75 LIEE 3
MikEE 5~20% 8.6%

EEEE e FOHREe, SEREE. HiFE RE7 Fo3E 20~40%  9.8%

. . 4 aZrLTFI3vn2R = 13.1%
Hetr, WinToERRNTEE. INASTUAE 5 LIiEE

et - y = - ~HH aad 4 :
BIE, BRI LB, E Sl R il -
ORWiEE EOREERVLTTI i 4 g%—‘
2 25~509 1%
i, BEORAPEEShsRReER  E27TR T
EEERLGBRT S L5, L 1:_?@*325' ' a;-ag;: 11.8% B
h LIS R TRE &1, BUs wRE 1%  2.0%
T HRET A L S D H R
T‘béﬂ
[P] EBLRRE

Bl R OFEIC 3% { OB b AOT, TORELZ2MRAELSETHD , BN
DBERBRT LRk A, FORBEEAIROFEEL, TPiERo L c—HaatT d 8K
EICEEL Y,

Ramphal®iz t 2BeNitiAOBERIMT 3 v Ea—tbhbho TTA DL 2 HHERIE
T, ABUEHTRREOR SRS WERITIE. Beritise Th- T LiiRESFREIC 22 L %
HoTH L ENH D, i, BREL L0/ 7 AEEROSEBAE L O b bR OR R
Th 5. HbbNOWEFH TIABEOFESEE HE < . HHZvbh TWL I EAIBEIC L 250
BRBLBWEER B,

EOMRSTHEE )

DRI IR S RS S AR SR

[3] ARRDRR

Bl RIETEANE O DT, FORMIE, NP5 [ CHo A iEEE -+ i, SIS
T5ZLAERERTWA,

HASPRIZEEBARR A F 74 >0k, HIREERIROFIIA L L THiROIIER, IR
FEOfERETOEE. BFREEY L DBEN ) 00 3FEEFVLTW 2, HERIE X 850
DMEOFEHY « il - DRI - PRI - BOKOAE « (IMEREC - CRP » PaO, CHIET 5. fElRIA
FiTid, BEEA X Lo OE, SERERS . LA - BKEE. BERAT - W4 - iR
B, H,70vh— GRS, SNONERERS. 65 RLLEORENE. BRI onT
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RiEHE=1—F /0L REE AN LTE

AMRSAMTS A TR CAL VL 2 (D LR@+ 7Y a~RT
FFRAE2-RFLRHL

@QLrerrshgesdeTcanvee D@ Ta—
F/0-.%Br MR, ABBEFRE2LO8-F 794 %
E+72054 FREI LR 77> EL Y

DHABRRERE b B=it 7 ANE RO
PILREEIT I/ EMERE
REHA- A%/ 0 FRE+ o) T

COBRE+7s051 FREOL(B-a—F/0%& |

BE - BE#At 7z LRE. AT LRE |

DEM(sS4B):5-52 57— CYERERERS-S525L%
B -B=HAE 7 AREL -2 —%/00%

x®

@R(>5 ) HBMEFRL LD -5 7 F LERM S
R a—%/0-RE+T:/ EMERER- L2 /4
{21 2t XY AATF FRE

2N FRALy, f-F3 28 V—EREREE~A= R
B, ALARTLEE

[ 3. RAA COREERROEAS
(HARBZLRRBERECHT 241 F 7 4 AFEEAS | RARARNREMOERN® LT, p 6, HAFREP 2, WK,

2002 & b —ARSLE)

Wh, i, BRI L L CRIETEIE, A TFHREE, EEE LRESREAh TV, B
EoliR%E b & A~H ORfica, PEsEEHERL Tvw3 (@ 3),

[1] BERLEZ2HT

R r T, AR YE SO L 0R, O - WESIY. BRSYR EREED L 0HTF
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B BEELELIERER

2. FREVRE WS T RANGRE - B

|, W2 R (EEEREMLLL) (5, B - ANE%
z2, BE-BER i EMEE
BEawsEe (Ren, 8 FLI—LGE
B TEESR i fUMESEE (FOT, MES, Wi ENERAR)
=% EEE | B, EElE
BamE(EnwE, PLryngv—8) | 285k
BESEaNELE AP ANTH
REBRIE AN, =EE
S RiEH#k WAV MU EDEAERE A - TEH
1. AEAORR TAT7 1) o EORNBHGMEET 22T
HEOoMASHUAE (BATRESLY) R
=] o4t 3 ] : 2iFee
ol - 5 - RS ST
4, N-migsn 171, toR
31 Lk 4 : s
RNAMRE(7HF T, EHE) L k3
W - KWy :

RANIR(AWHIL~L=FTEEL)
MOFk (M, E<m)

(UM 9) & v —MER)

SOHAKBAT 2 Z L LEBRS A T3, BERC, AdcSROWNAYL Y B8 288
L) Bz P IOTIRE « WEEH AP NG 26 03B L CROHMNIC TS 14 5 TS = o
H3,

P, 2 X 3RO TEELRICL, £ 2ERECTET 5, WIS T
FETETRAOET 227 { | FroBais R B TIam & 0 pisd i 7R
PMETL, BEEEEI LS5, Ehiltb, BEEBOMECHENL EORMEEHEL S0
BCES L TR 2 RIET A LH A SN TS (RS

THROTHER D L R A ORMII TS 2w T, BELEZ LY wiEEsbn ., B
HEEDE TS IR R R 25D & 50T 2, R ORI, BEEA LW
X BRSO CT 55175 BT, HECE 0L, #0EL T BER UL AICE
ZEL, R, AV 7 A%, SREe PSELEREET 5, ETREORITIC I, B S
# (VF) PE TR 2 BRSO TR7 A b - AR 2 E4H 2,

(2] ERIRFEELARMDEE

PR ORI FEERT» 6 AT, OEFEPHIE ST 2 EF2 5h T35, L LK
Bz bSO T TR O R, PRSRERTIRBEPi A OIEEE L A { . B
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C. BBPIRRE

BOESEM L DEFS T VS, EEH D SO & 2 ICRERREEU TV LI LY
H2H, BIIREL {, TREBROTHESE L HHOT, HEEERS L TREREA D,

SEERERT TS AR A T A RE T 20T, ORI IR OHREL 2o
S bk L TR 2RSS, f-T 2 5 v —EHEFRIE =V ) YRFE, AN LR
¥, 2V ¥4 (CLDM: #55> S® i, 600~2,400 mg/H+1 H 2~4 E) 2 L &0+
% ([@3).

[3] ERBRMERDRDFRA

EBOfsER B UL, RYTEOERYEYZ AROHIIZREL ., BlrE LBOR~<HP
ke B - SHaciENT 3, ROy 7 (Esa, W, 2l X) LIHIL, COREESR
259X BH L,

IR SO Y 7 A S A PoshiEs 2 LB FRADEL BT 5 2 LB ity
ANTV5, BEEDT v ¥4 7>y VEBRENRESE (ACE HEEE) icid Y 7 A7 A P O
#HET 21ERMH 20T, WA ZUES €, BEEROTIHIIIFTE 2,

B FREIrD % < BN TORMIRAAFARELSS CEEB AR DR TBE I, EEREE
75, TOME, BRI L ) LRSI MIGERIET (PEG) 12 & 2 RIERIGIED 278
EEER O FRFICENR TV S,

(HE A =TH)

T 1) AR, SEH— SE A RREMRE Bk NEXK WELBRE FRE
(), ppd3-56, EML +—+ . KR 199,

2) HE M IR K NARIE 3 BERERIEE(TTA)C & SFREEHEO MM

I, 416 MM S, BREEE 75 1 961-969, 2001,

BAMMBYRERBMLTMT N1 FI0 FAEAS  RATUELEEBROERN

FAA. BFTRBESE, W, 2003

4) Janssens JP, Krause KH : Pneumonia in the very old. Lancet Infect Dis 4 & |12~ 124, 2004,

5) AANBBYENEERLECMTINS FS1FRSAS  RATPHEBMAS F 1
s BAFHmESS WH, 2005

6) B M BF B =¥E— WioRE®ES. 087 AM 90 2133-2137, 2002

7) FmE—: fEEO PK/PD. BREBMO VA Bk, FHE H(B). ppi3-46 BAARERS

s, WR, 2005

Ramphal R : A position paper on the treatment of hospital acquired pneumonia (HAP) ; Do we need

guideline ? Acta Clinica Belgica 57 : 202 -206, 2002

AR SFOBREICMT 20T F 71 AER2RE  AARABEEMOERDS

A% EBXRFHMSeR, WH. 2002

Yamaya M, Yanai M, Ohrui T, et al : Interventions to prevent pneumonia among older adults, J Am
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/7074 FRIHEE

{L27 B — LA AT = 2 WAIONE

v 774 FRIERREKEZ 7 F BE2EL, 27 b oBEBEO Ny
FRESHEEMBEOHRTHZ, TlRPO~2usA FRER, 77 BAOK
FRFETI14 AR, 15 AR, 6 ARIcAB ATy, MARRICEZY Ao~<A
Y(EM.,xVVAayy), 2702954 (CAM, 22 0¥y F, 27V A),
oxyAnwA4 ¥y (RXM;vYwF) 535, BHABROTYRAu= Ay
(AZM; YZ2avyZ)REMOZ 7 e 2+ vBBEEXSASH, THT
AFFMEEL L ENS, I6ABCERF Ay (LM ofavqvy),
o¥x#vA4 v (REM; VA=A v»), TFLAETTA > (AC-SPM . 7
EFNAEZFRA YY), Yatr?A 2 (IM, YaWvsAAy), STATAS Y
(MDM ; sdA=4v>, AF2A4v) 253 (A1)

EM iz BT o6 ikt ofiy P RoOBlicz 7 —nz—FdErah, 36
CofrE 2ol Aoy —ndiEBlkans b, fMEEER I e 812, B
EEMERATL, BBEEL TR S S, CAM 1 6 fikEIL A A F 11l L
TR+ A2 HENAMBLThwWa, 9 1‘.r_ AR B ER L AR FoF
7 I HMETHS RXM I3, B |II.F,:II.U;i;qf*.':,ﬂ-':'. i HucU”' 2l 5. AZM
BOfiANEoNESE Kol Y, OB TEETHS

| 2 BT

CAM, RXM, AZM BHBETOAELEZZ Iz { &, BORIGH @A, MPilE
E5, EEIHER, Hlﬁ’ﬁ‘.%frﬂi‘i‘?}'& fw? MELL, —a—v2o07{ FELE
NTWaEY, 27216 ARt~ 2 05 4 FETIE, RKM »¥BRIPHEEBETIEC SR s h
#EATHL (H2),

EM E LM Ot cikgd#i e 55, LM, AC-SPM, RXM i3/
st (B2).

BN v

DNA 75D MlESRIZ A v £ > +—RNA (mRNA) ~EE2h, EARHFE
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LUXO7A 2 (EM) 18535
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| 1886% £9HTLL LM
0 —Hasais] FAIWL M)
b FETE | 1967 FEFNAE TV 2 (AC-SPM)*
amBaeas — L g
YRIER | 1870% Yavq L (UM)
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| 19745 | TFHTA - (MOM)
' AR
HRBTieaE
1986% | O% 474 &2 (RKM)
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1012 | | E3iza-vonsex
| [pxzz071 5w I
— EO-ENBNBS
FIAOTTY - (AZM)| | =
| | ciizend o NREBHEL
L |

H2 320741 FRAMBEONREN EMFENE

Bahd, VEYV—LR7I/BEERT S A7 7—RNA (FE /70
tRNA) S mRNA OB T 23 FricEa 2820t VY —Lo/hai
Y 7az=y P mRNA LEEL, K2w¥ 7oy PREBEPOREIRTF I %
MATHE, VEY—ARS Fiirs 3 Bz TWHE, aFvediGLE7T 2/
TYWRNA DS 1 207 2 /EIEEL, R)A7F F#iamRL T, EaHY
HshaY (®3),

TruF4 FREL HEOT0SVEY—LDNSY Ty b TRTFIN
BMIET I /7 A BOMCEE, ~7F FEBRICEHEYL, MOl
El+5Y (E3), TOERBECHENTS S, WBETREENC LIFRAT 5,

[ 4 BRG] . e

vr7u5A FRIAEE, $c EM i3, KNPSRS PR BEHME 2l
HLEWRIEEBORBEE2 2TV, 261, EM 2EHE, LM i2o25 8,
CAM R4 XDt~ 4 3,27V A TEDL -2 Ty 2 A (Myco-
bacterium avium complex ; MAC) fE, Wil - +—IEMRBICBT5~Y a0
7% —+ £ (Helicobacter pylori) BHIEBIEE L2 TWa (B|1).

105

171




<UFJ-LTORBERANE>

a “\ Ve ~, S . F

. T FIMRNA 72/ FirJliRNA
rPi/m Y w034 FRAER

—  mHANA X IV ESE I
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1L 2034 FF5RE

82 /05 FRAEEOEFRSRECHT IHEH  MIC,,

E EM CAM | M | azm | oum
Staphylococcus aureus (MSSA) > 100 .56 1.56 ; 3.13 > 100
Staphylococeus aureus (MRSA) > 100 > |00 > 100 > 100 > 100
Streptococcus pyogenes 0.1 0.05 0.39 0.1 0.39
Streptococcus pneumoniae > 100 12.5 > 100 > 100 3.13
Enterococcus faecalis > 100 > 100 > 100 >100 > 100
Haemophilus influenzae 6.25 6.25 25 1.56 50
Moraxella catarrhalis 0.39 0.2 0.78 0.1 1.56
Escherichia coli >128 — I6 -
Klebsiella pneumoniae — > 128 = 64 —
Neisserfa gonorrhoeae | | — 0.125 —
Peptostreptococcus anaerobius 6.25 3.13 25 > 100 3.13
Legionella pneumophila 2 0,125 — 2 -
Mycoplasma pneumaniae 0.0156 0.0078 — 0.00024 0.03125
Chlamydia pneumoniae 0.125 — —_ 0.125 0.018

Helicobacter pylori |28 2 - > |28 —

Xit4—6 4519

w2074 FREWRL-77 7 LR oS TAITFAR, P73

T, AR RYICAHTHS

anreus), A FREIMME L = Y IRE (Streptococcus pyogenes), 3K (Streplococ-
cus pneumoniae), ¥ 77 ) THE (Corynebacterium diphtheriae) £ ¥ DY 7 L
[SPETE, & HEE (Bordetella pertussis), W8 (Neisseria gonorrhoeae) = ¥
DY 7 LEEE, ST PA LT bayh Az EOMTHRIGETERE: ShTY

30 (R2),

| 5 EiA

w7054 FREOHFE NI, XFE-BUETIEEL LTS 7 ABRE TRE
Thot-., LHOL#ATF 7HREORMEERR A+ ) »BEERE (MSSA) T10%
i, 2 F oV itk (MRSA) Tid 90%LL B L Tw 5, BisERE Iz, X
fittEOMEE b oo —2oTH 5. HEREO -7 074 FEERTFEE, Y
HEY—LER (ermB BETHE) &ERSHRE (nefd BIETHE) 2D,
piEireETOvro0I4 FRECHERESRL, £F2 M, BHART 7074 F
FAE 6 - P EREE T T, DHYEOMERED Y7 074 FiElEsiE 70—80%
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I B AEROEENSHE BN

RU, FOFEIEERETHS. ABELELY o HREL Y2 07 1 FRfEE
IR H 27, 1, EREMICRHNEESE S Mycoplasma pnewmoniae 1=
EaflikiERsEBRshL, ToBRMEBEATVLE,

| 6 KA

w2 a4 FREIZL-7 25 LFE LRI, FREFECHIRSE ST 5
FHTHS, ThbbHMRBMEEOMS (A WAL FHHIRE TR 58
M T 279, | EESRENTT L0 LBREGRREML T LXHTHTS S,
EF0H, EMZ KRl HA4—6 BOEEEEBLETHS. LirL=r—72 07
1 F (CAM, RXM, AZM) iif{eEBils @h, mepuof e @it o g
ahfenT, E5M, HSEMELBMSTILHARELEE TS (M3),

HHIEDR B

1., mRE
EM, CAM, RXM, AZM, MDM @ FEMAER 7 A -7 — R4 KT, ]
M (Cmax) 1 RXM 2468 <, AZM AR L {EWHTH 5, dhEr T il
(AUC) & RXM 2t K& {, EM £ CAM, AZM & MDM 2 ZIZEIFTH LY,
2. EmBTE
voud4 FRE Hooa—v27034 Fig, REBTHELHFIRBITENGA
T, EAHBARERRNWPRES LB, EM, RXM, AZM REROREDT
Mty —ml, FF>B=0>0>008c 8 8E 25+, —H, CAM 3>
B>H>B>00BSRETH), RIFZHER~OBITHRHTHELY, =2 —
vr7u74 FREFPRA~OBITLRIFTHY, Bic AZM R EM o 1050 &
fifEEmRt (W4),
3. fiMEHiE
v/uI4 FRER, FBoOF 20— P-450 I L3R AF {2 DLE LT
R E2, FcHhcdtans, Lol CAM i3, BRAPEINEES 36.9% & &
Vi, F, MR (T) REM @ 1LL78BMENLT, —a—<2034 Fid
HEA L ERLTWE (24, o, AZM O T35 OB £ TH 2.8 I
[, 48 Wl % TA317.2 F¥M), 168 KM THT68.1 FiH] L RsMlEE@ & & b iR T
5%, 1H1ME, 3 HM@SIcEHAENREShTWS,

| 8 RS TRy

BT =2 054 FRER, BIUPHBI ML EHB 2L, =a2—
w2074 FEBIRT2Z LB,

w2074 FRENE SBIREL 20, =4 a73X=, 2I3IVTF, v¥
F 370k HPEBBHAE, HHE, ArPux2y—BE, ~)axsy—. ¥
OYBHE, 273 VTRLAMBYPER Y TH B, £, =4 X0 MAC i
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%31 HFETEHOATVLETZ0F M FRANEORE - AiE

BRA
5w
(mg/8)
EM BOO—I200 4—6 TIO5 4 FRGNE 25—50 4—6  600—I1500 2—3
400 mg 5% 2/600 mg 5+ 3 (2 B A LA
LT
)
CAM 400 2 T o XiRME MAC & I0—15 2—3
800 mg 4+ 2

H.oytori BESE
400—800mg 2T H

RAM 300 2 — - - -
AZM 500 [ Rill#k - FEAR K 10 I — =
(38M) (000mgx1E (3BM)
LM 600—I600 3—4 400 2
AS-SPM 800—1200 4—6 = = = v
JM 800—1200 3—4 30 34 - —
MDM 800—1200 3—4 0 3—4 — -
(MR FHTA L) 600 3 20—40 3—4 - —
RKM 600 3 20—30 3 - —
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Tmax| Cmex | AUC , BER~OBHIL | REERE
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6.05 1.78 - 3.6
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(0-12h) (0-12 h) (0-12h)

6.87 3.53 36.9

CAM 200 1.7 1A 12.6 s
(0-12h) (0-12 h) (0-12h)

RXM {50 . 1.34 ..5.35 ol L 21.9 2t
. (0-8h) (0-8h) i (0-10h)

AZM 500 2.5 D.58 i 28 65.0 S

. . « -

(0-48h)  (Peak-9h) (0-168 h)

MDM 600 0.59 1.54 i e - -
Jige ; (0-8 h) (0-8h) (0-10h)

(WA 8 X 0 —RSE)
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Mycobacterium avium p. par nlosis is the cause of Johne's disease in cattle and other ruminants.
M. avium subsp. paratuberculosis infection of the bovine host is not well understood; however, it is assumed that
crossing the bovine intestinal mucosa is important in order for M. avium subsp. paratuberculosis to establish
infection. To examine the ability of M. avium subsp. paratuberculosis to infect bovine epithelial cells in vitro,
Madin-Darby bovine kidney (MDBK) epithelial cells were exposed to M. avium subsp. paratuberculosis. It was
observed that bacteria can establish infection and replicate within MDBK cells. M. avium subsp. paratuber-
culosis also has been reported to infect mammary tissue and milk, and we showed that M. avium subsp.
paratuberculosis infects bovine mammary epithelial cells (MAC-T cell line). Using polarized MAC-T cell
monolayers, it was also determined that M. avium subsp. paratuberculosis crosses apical and basolateral
surfaces with approximately the same degree of efficiency. Because M. avium subsp. paratuberculosis can be
delivered to the naive host by milk, it was investigated whether incubation of M. avium subsp. paratuberculosis
with milk has an effect on invasion of MDBK cells. M. avium subsp. paratuberculosis exposed to milk entered
epithelial cells with greater efficiency than M. avium subsp. paratuberculosis exposed to broth medium or water
(P < 0.01). Growth of M. avium subsp. paratuberculosis within MAC-T cells also resulted in augmented ability
to subsequently infect bovine MDBK cells (P < 0.001). Microarray analysis of intracellular M. avium subsp.
paratuberculosis RNA indicates the increased transcription of genes which might be associated with an invasive

phenotype.

Mycobacterium avium subsp. paratuberculosis is the etiologic After M. avium subsp. paratuberculosis crosses the intestinal

agent of Johne's discase in cattle and other ruminants. It is
assumed that M. avium subsp. paratuberculosis infects the
young calf by crossing the intestinal barrier. Previous work (3,
26) has indicated that the interaction of M. avium subsp. para-
tuberculosis with bovine epithelial cells is a complex process
which might involve participation of several bacterial and host
factors. For example, it has been reported that both in calves
and in mice, challenge by the gastrointestinal route results in
M. avium subsp. paratuberculosis infecting M cells in the Peyer’s
patches (23, 26). Recently, Secott and colleagues have sug-
gested that the invasion of the intestinal mucosa by M. avium
subsp. paratuberculosis is secondary to the binding to fibronec-
tin (26). In addition, Bannantine and colleagues demonstrated
a role for a 35-kDa M. avium subsp. paratuberculosis protein in
the invasion of cultured bovine epithelial cells (5). The 35-kDa
protein is exposed in the outer layer of M. avium subsp. para-
tuberculosis and has also been associated with Mycobacterium
aviwm invasion of human intestinal cells (22).

* Corresponding author. Mailing address: Department of Biomedi-
cal Sciences, College of Veterinary Medicine, Oregon State University,
105 Dryden Hall, Corvallis, OR 97331-8797. Phone: (541) 737-6538.
Fax: (541) 737-2730. E-mail: Luiz. Bermudez(woregonstate.edu.

mucosa, the infection spreads to other organs, leading to the
advanced stages of disease. Several studies have reported the
presence of M. avium subsp. paratuberculosis in the mammary
glands and in milk of symptomatic or asymptomatic animals (6,
28-30). This observation raises the possibility that the mam-
mary gland could be a reservoir for M. avium subsp. paratu-
berculosis. The environment inside the mammary gland is be-
lieved to be hyperosmolar (milk) and hypoxic (28). In addition,
M. avium subsp. paratuberculosis organisms infecting mam-
mary epithelial cells might suffer the influence of the intracel-
lular environment. In fact, M. avium subsp. paratuberculosis
may remain in contact with either the intracellular or milk
environment for periods of up to 24 h before being excreted
Previous studies using Mycobacterium avium subsp. avium have
shown that the environment to which the bacterium is exposed
in the host can influence the expression of genes associated
with its ability to enter epithelial cells. Incubation of M. avium
subsp. avium in low oxygen tension or increased osmolarity
conditions significantly enhances its ability to enter intestinal
epithelial cells (8). A previous study on interactions between
M. avium subsp. avium and environmental amoebae has shown
that infection of amocebae results in enhanced virulence (14).
Similar findings were reported regarding the M. avium subsp
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paratuberculosis 35-kDa protein (5), which was shown to be
expressed under anaerobic and hyperosmolar conditions (5).

It is reasonable to hypothesize that bacterial exposure to the
complex conditions in the mammary gland or mammary gland
cpithelial cells may have an effect on virulence gene expression
and, therefore, on the efficacy of M. avium subsp. paratubercu-
lasis invasion of the intestinal mucosa.

The objectives of this work were to determine whether M.
avium subsp. paratuberculosis has the ability to enter cultured
bovine epithelial cells in vitro and whether this characteristic
can be influenced by exposure to milk or the intracellular
environment of mammary epithelial cells,

MATERIALS AND METHODS

Cell lines. A bovine epithelial cell line (Madin-Darby bovine kidney [MDBK])
was purchased from Amencan Type Culture Collection (ATCC, M VA)
and maintained on Dulbecco’s modified Eagle's fium suppl i with

INFLer, Tmmun,

previously described (9. 24) Trvpan blue (0.25% ) was added 1o 1the monolayer
and 3 h later the supernatant of the lower chamber was obtained for spectrom-
cter reading, Contrals included medium only (baseline). The top chamber was
infected with 3 = 107 bacteria as described above After 1, 2, 3, and 4 days
infection, 600 ul of filtrate was collected from the bottom chamber. and fresh
culture medium (600 pl) was replenished. The ability to translocate was calcu-
lated as the cumulative percentage of the initial inoculum recovered in the
bottom chamber at each time point.

Passage of M, avium subsp. paratuberculosis in MAC-T cells, Confluent mono-
layers of MAC-T cells in cell culture flasks (Coming Costar, New York) were
moculated with approximately 107 M. aviam subsp. paratubercilosts bacteria
After 2 h of contact time, extracellular bacteria were removed, followed by
amikacin treatment as described previously, and new medium was added 1o the
manolayer. Internalized bacteria were allowed to grow at 37°C for a total of | or
4 days. At the end of the incubation period, MAC-T cells were lysed by adding
0.5 ml Triton X-100 (0.1%) for 10 min, Lysates were then submined to differ-
ential centrifugation as reported previously (3), The M. avium subsp, paratiber-
cidosts cells were collected into THY broth containing Mycobactin J (2 mg/liter)
and OADC (10%, volivol). The bacteria were recovered by centrifugation al
3,500 = g for 30 min al 4°C to maintain their phenotype and then used in the

lon assays

109 heat-inactivated feral bovine serum. A bovine mammary epithelial cell line
(MAC-T) was kindly provided by Lewis Shefficld (Department of Dairy Science,
Uiniversity of Wisconsin). MAC-T cells were maintained on Dulbecco’s modified
Lagle’s medium with 10% heat-inactivated fetal bovine serum, § pg/ml insulin,
and | pg/ml hydrocortisone.

Bacteria. M. avium subsp, paratuberculosis ATCC 19698, a bovine clinical
isolate from an animal with Johne's discase, was purchased from ATCC. Tt was
grown ar 37°C on modified Middlebrook TH11 agar supplemented with Myco-
bactin J (2 mgliter) and oleic acid-albumin-dextrose-catalase (OADC) (107,
volivaly or in TH9 broth with Mycobactin J (2 mgfiter) and OADC (10%
volivol). For the invasion assay, individual colonies were selected, and a bacterial
suspension was prepared using Hanks™ balanced sall solution (HBSS) to give
turbidily equivalent to a 0.5 McFarland standard. The M. avium subsp, paratu-
berculosis suspension (5 ml) was then passed through o 30-gauge needle 10 times,
and clumps in the final suspensnon were allowed to settle. The top 1 ml out of the

S-ml suspension ¢ db rin was used for the invasion assay.

1 ion assay. The i m;-s were carried out using the methods de-
scribed by Bermudez and Young and by Sangari et al. (10, 24). Briefly, 24-well
tissue culture plates (Corning Costar, New York) were seeded with 10* MDBK
or MAC-T cells, and monolayers were grown in an atmosphere of 5% CO; at
ITC until ¢ Before infection, the fium was replaced with fresh
culture di Monolayers were then il { with approxi fy 2 =% 10"
bacteria {approximate ratio, 10 bacteria:1 cell) and incubated at 37°C in 5% CO,
for up 10 4 h, depending upon the experimental design. After incubation, mono-
lnyers were washed three times with HBSS and then treated with 200 pg/ml of
amikacin for 2 b at 37°C to kill extracellular bacteria, as shown in the M. avium
system (8, 10) and confirmed using M. p ulosis (data not shown). Fol-
lowing incubation, the supernatant was removed and cell monolayers were
washed three times with HBSS, To lyse the cells, wells were treated with 0.5 mi
Triton X-100 (0.1%%) for 10 min. Subsequently, 0.5 ml THY broth comaining
Mycobactin J (2 mgliter) and OADC (109, volivol) was added to each well, and
cells were disrupted by vigorous pipetting. Lysates were collected, serially di-
Tuted, and plated onto TH11 agar for colony count. The percentage of invasion
was calculated as the fraction of the inoculated bacteria that was recovered from
the cell lysate.

M. avium subsp. paratuberculosis survival in MDBK and MAC.T cells. Cm‘l
fluent monolayers of bovine epithelial cells were incubated with approxi
10" M. avinm subsp, parutuberculosts organisms for 2 h. After the uu.ubuuun
period, extracellular bacteria were killed by amikacin treatment (as described
above), the supernatant was removed, and fresh culture medium was added 10
the monolayers, Infected cells were incubated for up to 4 days. At the end of the
incubation period, monolayers were lysed, the lysate was diluted, and the number
of intracellular bacteria was determined by plating cell lysates onto THI1 agar

Translocation assay. The translocation assay was performed using the Trans-
well 2-chamber culture system (Corning Costar, New York). Monolayers were
established either on the lop or bottom sides of the membrane by seeding it with
1 % 10" MAC-T cells, Some monolayers had their apical surface exposed to the

dium in the by hamber, whereas others had their basolateral side ex-
posed to the medium in the 1op chamber. The cullure medium was changed daily,
and the integrity of the monolayers was determined by the follow: hods: (i)

Preexposure of M. avium subsp. paratuberculosis to milk and milk components.
Approximately 107 M. avium subsp, paraiuberculosts organisms were inoculated
into § ml of raw milk (from a pool of several cows) containing polymyxin B (5.5
mgliter). amphotericin (11 mgliter), carbenicillin (25 mgliter), and i
methoprim (2.5 mg/liter). Incubation was carried out at 37°C. After 24 h, M
avitm subsp, paratuberculosis was recovered by centrifugation at 3,500 * g for 30
min at 5°C. Subsequently, bacteria were led in HBSS, quantified by
both McFarland turbidity standard and colony count, and used for infection of
MDBK cells: Sterile water and 7H? broth treated in the same manner as milk
were used as controls. To determine the role of milk components. casein and
serum protein fractions were separated by centrifuging milk at 20,000 « gfor 2 h
at 5°C (16). The casein fraction formed the pellet, while serum protein and the
lactose fraction d in the sup ant. The vol of the casemn fraction
and serum-protem-plus-lactose fractions were brought to the level of the original
volume of milk by adding water. The casein fraction with 0.9% NaCl was pre
pared by addition of NaCl to the casein fraction. The 4.8% lactose sample was
prepared by dissolving lactose in water.

RNA isol and DNA mi ray. An M. avium subsp. paratubercidosis
whole genome microarray, ¢ g T0-mer oligs featides representing Y87
of M. avium subsp. paratuberculosis coding sequences identified in the M. avitm
subsp. paratuberculosis K-10 genome, was provided by the National Animal
Disease Center, Ames, lowa. For RNA isolation; M. avitm subsp, paritiberon-
losts bacteria were kept in contact with confluent monolayers of MACT cells
grown in T75 flasks for 2 h. Extracellular bacteria were removed by washing,
foll i by amib for 2 h. Intracellular bacteria were recovered
after 24 h by lysing MAC-T cells with sterile water. Cell debric and nuclear
fractions were removed by low-speed centrifugation at 500 rpm for S min at 4°C
(20), The bacterial pellet was d from the suf ant after centrifuga.
tion at 3,000 x g for 10 min at 4°C. Pelleted bacteria were stored at -~ 70°C. The
BNA extraction pi used o combination of guanidine-thiocyanate-hased
buffer (TRIzol; Invitrogen, Carlsbad, CA) and rapid mechanical cell Iysis, as
described previously (18). Briefly, 1 ml TRIzol reagent was added to the bacterial
pellet and gently mixed. The misture was added 1o a (2-ml) screw-cap tube
containing 0.4 ml glass beads (0.1 mm). Cell disruption was carried out in a bead
beater using three beatings for 30 s cach. The TRIzol solution was transferred 1o
a heavy phase lock gel (Eppendord, Hamburg, Germany) after centrifugation al
3,000 rpm for 90 s at 4°C. Subsequently, 300 pl of chloroformisoamyl alcohal
(24:1) was added to the heavy phase lock gel tube. This was followed by rapid
mixing for 15 5. Mixing was continued periodically for 2 additional min, followed
by centrifugation at 6,000 rpm for 10 min at 4°C. The aqueous layers were
precipitated with cold isopropanol. lsopropanol was then carefully removed
without disturbing the RNA pellet. and the final washing was done in 0%
cthanol. The RNA was stored ar —70°C until further use. RNA qualily was
determined spectrophotometrically (optical density at 260/280 nm). A ratio of
=21} was considered significant. RNA was treated with DNase as per the man-
ufacturer's instructions (QIAGEN, Valencia, CA). The RNA-DNA hybndiza-
tion and microarray analysis were carried out at the Central Service Labaratory,
Oregon State University, Corvallis, Oregon, RNA prepared from M. avium
subsp. paratuberculons bacteria incubated in TH9 broth served as a control,

microscopic observation, (i) measuring the transepithelial rﬁ'&l:mx. and (iii)
the trypan blue (0.25%) permeability assay (optical density a1 580 nm), as

h M. aviam subsp. paratuberculosts bacteria incubated in MAC-T cells
served as the treatment. Far the DNA microarray, the Array 900 MDX (Gemi-
sphere, Hatfield, PA) labeling and detection system was used as per imstructions.
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FIG. 1. Invasion of bovine epithelial cells (MDBK) by M. avium subsp. paratuberculosis. The percentage of invasion was defined as the fraction
of inoculated bacteria that became internalized after the incubation period. Values represent the means of three experiments = standard errors

of the means (SEM). », P < 0,05 compared with the percent invasion at

Microarray analysis was carried out as follows. Briefly, RNA samples were
reverse transcribed using d leoside triphosp s and a random primer.
The cDNA was labeled at the 3’ end with a terminal deoxynucleotidyltransferase
tailing reaction followed by ligation 10 the 3DNA capture sequence. The tagged
¢DNA was purified usmg a PCR purification kit (QIAGEN, Valencia, CA). and
then successive hvbridization of cDNA and 3DNA was carried out using the M.
aviurn subsp, paratuberculosts genome microarray

RT-PCR. cDNA amplification for genes that have been shown to be upregu
lated by DNA array was carried out as previously described (22), We used
specific primens for five selected geness MAPDR2, MAPOTOS, MAP2450c,
MAP2751, and MAPIMSe, PCR amplification was carried out at 95°C for 3 min
(1 eycle); 95°C for 3 s, 62°C for 30 5, and 72°C for 2 min in a linear range (35
cycles); and then 72°C for 10 min (1 cycle), Equivalent amounts of cDNA were
used for the reverse transcriptase (RT)-PCR. The products obtained by PCR
amplification were quantified using the Kodak EDEAS 290 system and the
Kodak 1D image analysis software (Eastman Kodak Company, Rochester, NY)
The 165 cDNA was used as a control

Tr ission el i Y. App Iy 5 x 10* MAC-T cells were
grown in T2 tissue culture flasks (Coming Costar, New York) until confluence
was established and then inoculated with approsimately 10" M. avium subsp.
paratuberculpus bacteria. Incubation was carried out for 24 h under 5% CO, ot
ITC. After the Incubation period, MAC-T cells were treated with trypsin (0.5%)
for 10 min and subsequently fixed in 0.1 M cacodylate bulfer (pH 7.3) containing
3% glutaraldehyde and 2% paraformaldehyde. After fixing. cells were pelleted
and surrounded by 1% agarose, cut into quarters, and processed as per the
following schedule: 0.1 M cacodylate buffer (2 ), 30 min at room temperature
(RT); 1% osmium tetroxide in 0.1 M cacodylate buffer, 1 h at RT; 0.1 M
cacodylate buffer (2), 30 min at RT; acetone (109, 30%, S0%, 70%, 80%, 99%,
and 1005}, all 10 min at RT; 3:1 acetone:resin, 30 min at RT; 111 acetone:resin,
A0 min at RT; 1:3 acetone:resin, 30 min at RT; 100% resim. 1 h ot 30°C; and 1007
resin, 20 h at RT, Fresh resin was placed in polymerization capsules for 24 h m
60FC. The blocks were sectioned on an MT-5000 ultramicrotome (Sorvall, New-
ton, C0) using a diamond knife, and sections were placed on 300-mesh copper
grids. Grids were stained with saturated uranyl acetate and lead citrate and
viewed using a Zetss 10A transmission electron microscope (Carl Zeiss, Thom-

2'h,

mucosa. The results shown in Fig, 1 indicate that M. avium
subsp. paratuberculosis can invade MDBK cells. The efficien-
cies of invasion at 1-h and 2-h time puinls were cumparahlu;
however, a significant increase (P < 0.05) in invasion was
observed after 6 h of contact time.

The ability of M. avium subsp. paratuberculosis 10 survive
inside MDBK cells was evaluated by incubating intracellular
bacteria for 24 h or 96 h after invasion. The number of M.
avium subsp. paratuberculosis bacteria increased at 96 h of
infection compared with the inoculum taken at 2 h (Table 1),
suggesting that M. avium subsp, paratuberculosis is able o
survive inside MDBK cells.

Mammary gland as a reservoir for M. avium subsp. paratu-
berculosis. The results of M. avium subsp. paratuberculosis in-
vasion of the MAC-T cell line are shown in Fig. 2A. M. avium
subsp. paratuberculosis entered MAC-T cells, although the ef-
ficiency of invasion did not change during the first 2 h of
incubation. However, invasion was greater at 4 h (P < 0.05)
than at 2 h. M. avium subsp. paratuberculosis could be observed
within vacuoles by using transmission clectron microscopy
(Fig. 2B). The survival experiments whose results are shown in
Table 2 indicate that M. avium subsp. paratuberculosis is able 10
persist over time within MAC-T cells.

In the mammary gland, the apical surface of epithelial cells
faces the alveolar lumen, whereas the basolateral side faces the

TABLE 1. Intracellular survival of M. avium subsp, paratuberculosis
in bovine cpithelial cells (MDBK)

oo, NY). Mean no. of intracellular
Statistical lysis. Each experi was repeated ot least three times, and Time (h)* 3T i 2 .
significant diff were d ined using "s ¢ test ( 1) and Sacenrie = SN QWO
analysis of variance. A P value of <0.05 was contidered significant. T I S 1 s SR L T 236 % 10° = 0.44 x 10}
4 281 % 10° =039 x 10°
9% 3.26 % 10° = 043 x 10°

RESULTS

M. avium subsp. paratuberculosis invasion and survival in
MDBK cells. Invasion assays were carried out to examine the
ability of M. avium subsp. paratuberculosis 10 enter bovine
epithelial cells using MDBK cells as a model of intestinal

“ Values represent means ut three experiments = SEM. A P value of =005
ied for the P t the values for 24 h and 96 h and the value
for 2 h.
" MDBK cells were exposed to M aviiem luhp pm‘wlubarubsu for 2 h
Extracellular bacteria were re in all after 2 h. I 4
bacteria were allowed to grow for 24 h or % h.




