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il

BlE

Bt

B, REOWBEMFFL, TR+ ckiEse, LERL2ED L Z
EAMBEE IO ENTERZ, 2020, REDORKNIVEE - BEOHMIC X -
TEHYLNDE L LI, ZORRNZHKEBEI L2 FHAEBEEHEMAPEOOLNT X /2,
L2 Ll, REOBBEZHET 2N T L LTRELSFEESTZFBONBHRIES TIIAL,
KEEN TV ZADRANICHER L TR EAR DG IC X 2 RGRECRR 2 R R B T 5.
Z O T EYSE IS 3B IS TR & 5 & R TR o HERR R AN R & T
i e et ic 2z 2 2 e pnEELEZONS. I CTViffEoLm o H X
NTE0D, EVESLERIEAS (L&, VEAET2) Tbs. HEAIL,
RKEDERMNITERA L CTHH % FR T 2 Ml E 0 FCH 2 RSN X v, B o @H % <F
D, BEVORELEEZHRT 25 A CHELREMTH Y, HEEICE TR 2E%
Wb DTH S, LA 836 F (1961 ) ICHIE T N EHESE 145 5 (BEFE, B
PREE M R AR ) ICED b, BPEORFHW TR I hTE R, S5,
1940~1950 £ I MKIRE O PIHE A Z fFRHC AN L TRZFICHS T 5 2 & T, FRE)
KHRAEmE Y, BAFABHERE Y ofEAENE 2 5 2 &R H T nl1-5], HREER
ELCoOMMAICA, REOKEREZHNE LTHEHINE LT/, 2D X
YICHEILE T 2MEAMOEH I EHEERECRFIY ZFET 2000 KE 4 #
VAT LDRBERELZATE R, BE, FEECETIVEANIICIE, BYORED LD
ODEYRHERG LDV OREAREEDO -0 OFENAMY A S 5. BIHERN L LT
iR S 2 PIEANE, BERGEBEERSERCL->C, ZomE, A, “en%%s
MERL7Z ECHRAPRD N T WS, 72, AEICHET 2 B RERMFIE XY,
BRERI OB RICEOCIRIC X2 HABEGN T b, BHOKESESICX Y FIEA
T LICfERN REY, HE HE, SFHZLEHEEZLFFMIcED TS, —JT
FRLAMY & LR S 2 TUEAL, R OZ2MEOMRKL SMEOUEICET 2
FRICL > THEEDLELMERHO 2T, »OoREEDOHERINZIDODI LI 5
VEREBROHFHHICEWTIEET 2 2RI TWw 3.

REFTICE T2 HEAOMEHEREMT 2 icon<, EFMWMELZAT M@
H S, REVCTHIEERMBICHN T 2EEME (FY 74 70 2 FHIE) A&
EHIND XS IChofz, FRCEAMEORMBE X, WMEEHoME L, Zhicnd 2

v
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Bl iHAI O ZREICHEIVETIICh->Twd, TabbiiEAlIciR, %
DEAIC & Y EITEA RO EAMER ABINE N Z Y X7 B3 HICHFEEL, FIEA O
il & & SEFAII MR i AR AR & hTw 3 (6.

2019 FFOHADHIHAIORTTEZ K 1-1 Cnd. JFERBEEE CREF 1,808 v
(100%) TH Y, 205 LHYAEIERIT 841 b v (47%), FRIRMYIA 226 b v
(12%), F320 136 b v (8%) TH5I[7. —F, AEAHEA X 600 b >~ (33%)
THY, BMIIAEHOK 2 G0 HEAI LA EH I T i bhr b,

B —
136t (8%)

NEAER S
600 t (33%)

far1,803 1

HYHERR

841t (47%) .
Y ENIIEY)

226t (12%)

1-1. HAOHEFKERE (2019 )
W JEAGSEEEFMEY v~ 2B EFAERESS, (2022) A EY v ~1 2
HHE

B 1 3R A R [7] % &%

IhrEYERN oRFGER R % &, BIPMAHEREMNE L CoPEHA 841 v o 5 b,
450 P v RIS SN, BRICB T I2VEAOHEHESBRD THE{ZR>TWwWb T &
2o h 5 (X 1-2) [7].



600

500 A
ﬁ4m—
K
K ]
@%0
]
1R 200 -
&
#0)
# 100 A

0 - | == T  E— 1

NA4 LA+ B X PFBFE HOPEE BKEA AKE BHER X - i T
®2015 ®m2016 w2017 = 2018 m2019 w2020
1-2. @R o §TE A FE Rk ' (JRERHRE)

HH - JEA @R EAm Y v~ 2B A ERG S, (2022) AT v~ <
B EFE R mEHET] 2 KA

BERCREBEELZANLE T2HYHEERELTT 794 270 v RZBREFASKEC
BOKRGINTEY, ZORELLRHRMNRERICEVTH T F 79427 ) vV RITH
HInmd %< roTWwd [8]. BREICETFAT 9420 vRAHEAO%HIZIK
CH T BMEROHRZR ST e AR n, FEBRLGICE T 2 EAMER O HEH %
ERT 20ERD B, X OICKERNTHRAE L 72 HHE R KGR L PR Al
AW, WEEHREL, REPICHEEETO 7 — A BIBR S, HKEYL
HAERRZEOEMAN L CAREBEEINZ LB RBINTWES[9, 10]. 2D X HIC
REICB T 2 EAMER L, MERCST2NEMOAENEDKRTOARLELT, AE
BB T 2MEAGBRARBEICT 2227083, FIEASEXLE® 2 1940
FTHhORALHBHINE X5 1ChY, ZOBIBFICIEEL Cwo[11]. 2L T
1993 fFicix, ZAIMMEZFFOMEICH L TO RN D 2 h N3 LZPLEANIC D
M 1 % 5 2 77 v o3 < SRR Nl R 25 58 L X u12], S s FUCiE L T w3,
SHMMER T 25 AaMEE & 5 hFniE, 2050 FECMUEREZERE 32
FECHEH 1000 T ANE Y, HEDHROE—fiTHsH ez s L oA 2016
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FlenK3lE Nz 2L, WER~OMNSIZEBRMICEEOHREL o T, bH
E<d 2016 Fic [FEAME (AMR) WE7 27> =3 v 77 v (2016-2020) ] [14] 23
HE - ARINE, 2OT72vavy 7V Tlk, GECEERBICE T 2 EET -
BEHICXOVREAOFHESZHINT 2 & & bic, PLEAO@EIE &M H % #E L T
. SLICHEANCHES A WREEMS X OGEYEEZ B L 3 20 2BH1T & 1,
MROBITB kD b TwD, FIHAICEHS R WEEYOEERTZBET 220
i, ThECcoRFEAIICX2EREL TR LEFABEEME?LS, 727 F ol
FAlORBEHEACAED 2 IEFRRINY OFHEIC X 2HEM T2 h0 e L7
EEH~OWELR NI L 1 5.

BERTYPixEZA 55 2T, NEAICKEE T CREAL OB’ N2 ®mY 5 2 L E
BEHEZOLNDZ Lo TER., APREOMBHER ICIIHENMESEBED > T
WEZEBIELA LN T B, A, A D TER AR 28 R R, AR
B, TUAF—ERELR A EBERELFECHEFRL TV Z 3R A Lid
n[15-19], BNME &L EEEZ T, 25HERICIED L Z ERHL 2 L X
2 T&, FH/EMTHCEVTOXEOHLNMERE & LEEME L OBV 2378 T 1L[20-
23], J5 A B o SGE 2N B REAE R R EME R LIC b AR TH D, O TP A o fiF
A OHIRICER 2 L3 TWwd,

BARMEOR cHBEoMBICEDLDIME L L CEFEEHINLTY 2 02
Akkermansia muciniphila T® % . KK X Verrucomicrobia ["1\C)J& L, FEHIE, FEE
B, 77 aEt, BKEME T, BE EEMICECETRE CEE L, RO K
DTHDLLFVESRT 24, To—FT, LF VRGO TEA S N B R HIE
itg (s X 7m et vig) AEELEMiEo A v —JRe 2D, Hillido %
ErigmEe, o5 vorEtziiElL, HEKKEZREEI 2L RINT05
(25, 26]. IGE O LW I NS LT vidma T2 v 7ET, BEICENT
“ookElERLL TS, —OHRYHENANY TORKTH L. BELKEE S
FFERAN) T 2K L, BE LR~ 0B R RIE-C WY G 2 By < El 2 7o [27].
“oHREERTELCoORETH L. LFVIIEEEICHEBELLI N TE YV /INETIR
ML TH 228, KIBCRBNMEOEBREX Rt 2 L AP REBEE L LT
bAH T, BAME /A E L 0B 22 T3 [27]. BERKE ICEET 2 ME
FREMAEY O EECHEXAET 2 LM ONTEY, BESN)T2HKT 2 E
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EARNT L TEHELS»SER INT X 72(28]. A muciniphila b BEREIE AR L,
LFvERET B CAHY IR EAL, BENREE~OMBEOEE S X OHIEE
flREL, BMNMEZEOEKEBT 2 2 &<, WEEMEY OREER A% <Rtk
BRI nd(29]y, BEOEHEMEMFICEERZKEH 2R T LFEILLNLTL S,
IHI~wy A NRE L2 EBR IR L TR R E 2 &~ DR HBHS
PICEND20HVI[26], LT u N AT 47 Z2AD—D2& LTl T 3[30,
31]. A. muciniphila 1)k { BBV OGENICHEEL[32], A= 7 R CTHHERIEA
TW32, KicksT2EEBEAL»ICIh TRy, BENICIRAER T 2 KE 34
Prick o C&ermL, £, MEAOFEHE RS % VIKI[TIICE W T

A. muciniphila DBBEREH L 2R FI, & 0 b ERKHE LK 5 FVHE T
~OIGHMRICE Y HE C L I EAGEHEZHR ST 2 LcHEELEZ LN,

ARFE T EoFRICESE, F2HECRKAHHKI v E L 7 OEANMEMREEL L
T, BL1EITHIVES TIREDIEN 2 O HE I NIV EL TEKICOWT, ZDH
AU PERE 2 B & 2202 L 72, #5513 2021 4, B ERE AR~ KM L, 19/20 &, p. 34
~41icigE I . F2HiTlR, BERrLDEINLZILES THEKRICOWVWT, %
DHEAIMEREZH & 21 L7z, fESRIT 2022 B, KEH A2 HMGE, 48 %, p.65~721C
B nz.

F3ETIE, Mo FTHEICBE L, THIEAS KT 2 BEG & THRBREN D R VEE D
SAETR oA BESLHBEIENBEONE, BELF vyOsWwEDE, 2L ThHE A
F v DB % R A. muciniphila /B L T, % OFEE & ST L 72, #5813 2023
T, REMEYHEE, 48%, p. 177~180 ICHFW S L7z,

FBAFETIE, BIFOHMBICMA THAIELS HKT 2B TRHBEN DR VEEOD
FEORBEZMHS i L, Ko THIEEICE L 72 A muciniphila D BEEE % 5T L 72,

UEoHEBE» > BEHRGICE T 2 EAMERTHOERERLZIBIEST 2L L b, %
DR L LCIRICH T 3 A muciniphila DHEEELE O fEITICH Y ML &, PiEF o 5 H
HIz HIE L ZIBNME oM HEEZE 222 L 2 HWE L 7.



B2E RERKTILEIRT OEFIMMEDKRIE

B1E FYLEXTERREOMEKERA

211, BB LUEM

7 7uZARY VRPEAIZ, 077 sBEERHCH L CHBEERET S L H
bABEBRICEWTEEAFIFHATH Y, ELFEHIATHE, BMERICEVWTD, ®
77 ARY) VERFEANZE SEREOMRErAD O oY VL& LT
FIAINCTEY, 2O0EEERS T > T3, v 770 2EY) VRITEAOHMALE
T2 onNTCHEL 2200 MEROEHTH 2.

7 7R RAKRY VRPUEANICH T M PEEE CRICRIE L % o Tw b D%, BLEFR
HHYLRA B 7 7 %~ —+% (ESBL: Extended-Spectrum B -Lactamase) & X % 3 #
ODARELTH 5. ESBLEL T #HEETE 772 I FBACKEIH L CTHREED S
v Salmonella enterica % & © 7= Enterobacteriaceae \" /K VAGET 2 fal&tE 2 H 2
ERMEINTEYI[S8], REL AL OB TEREET 2 LABEINTE, 2T
BN THAE L 2F et TR A O 2B iz Bk IC o w T, MR ER R
RS 2 & & bac, AN MEE R T O T % 1T - 7.

212, MEHLOHE
2121 REES

FEBBIEI7) A= 4EH AT 310 HEAMAET 2HELTH 5. UEEY
T, BEAMEDR, AR ICE2r b FORMK S 2N 72 HEKE TMR (Total Mixed
Ration) ZfG5 LCWwiz, FAHPALEXTIET 7 F VIIEHEL T 53, 2012 F 12
ALIBED 4 DRI AL 7220 5 72,

2013 4F 4 AVIA)IC 3 i iE R O B4 3 BHIC 40°C o FE 2, BMCRIR, AKERMETHI B X
CIfERER T, 4 H9HIC 18, [F 14 HiC 2 BMER VTR E L 7z, FHEE
fiick 27 v ey ) vEESfTbN2Y, 4 AA), Hizic 2P FABEOREREZEL
b, 20134 422 HicE T H L CWEEBEN2 O REHETE oKEICE D
ROMEEEML 7. Z0%d THEREZ R T4 ML, 5 A cicaEr 6 8
DBHE L7z (F2-1-1),



*2-1-1 THUERZ R L 20T H o

No. FEER FCHE  RIEAE TAHER

1 2013/4/2 2013/4/9 57 TR, FE

2 2013/4/2  2013/4/14 31 BOBENM., TH., FKH

3 2013/4/6  2013/4/14 45 b= ERIREE. TH. REH

4 (RMSETES) 2013/4/14  2013/4/23 76 BEARBKERE TR, BRI B, R
5 2013/4/26  2013/5/7 79 TR, FE
6 2013/5/7  2013/5/14 66 BMAIR, TH, R

2122 WERI S L OHEBENRE

KERIE TN, BIAREZREL, LT L4 (R 2-1-1, Nod) ZfHIL, TEHZE
wERML 2. EEBENREL LT, ~~ X ) vy -4V Yy (HE) 6%
L7z, $72—FoMBERICO T, ¥rE4 7 04 BEPLE (Fyvakedt) %2
v 7= el i 23 2 S L 7.

2123 HEFNKRE

R CERAM L 22 TR AR I X O M RISEAE R, [FE A o E G I O T, 5% #ill LR
MmrY 7y 4%KEEH, DHL (Deoxycholate Hydrogen sulfide lactose) FERK K5l
RV, ARy 7EICX D COEE (TARrANYy 7 - CO2, ZFEHNAYE) & 5%
MIFEIMAM b Y 7 by AR AR WA ANy 7RI X HiREERE (TAr Xy
7o rvdx, ZEAAMEY) EEMLE. SHICEBEICOWTA—F =T F 7 FF
v IR C 42°C, 20 [ MBS &= %, DHL Rz FH W 2 i 5B E 2 Ei L 7-.
FACERI TR R 2 TSI RS CRUHLYE), v v X7 v EF ) v L85 (5
WHEAE), SIM 85 CRUHMLE), U & v B e sl FH 85 CRIHLSE) 1 THEML 7%.
POLE A 7 GIEME [EF] (F v h) B 2 ElT 2 L bic, AEDRED
Salmonella serovar Typhimurium (ST) Identification Kit (% 5 754 4 ) % H
T PCR 2%l ¥bic, yrEX70 2 M H HiEERKET (4B 2HiT5
PCRI[34] % 1T > 7-.



2.1.2.4. EXHIRZ R
SrEEkk o AR Z AL, EREZERT 422 (v v T4 227, HA BD)

AV, —IRBET 4 A 7IEGEIC XY EEL 2. fEERERIET v ev ) Y(ABPCO),
77V Y(CEZ), 27+ %+ F v(CFX), £ 7 # 2% 2 L(CTX), £ 7 £ ¥ ¥ 4(CAZ),
%7zt 4 (CFPM), 7t u A(CPR), 7n oL 7x=a—1 (CP), 7 7% 472
Y/ (TC), hF~A4 v v(EM), F¥vi~4>v(GM), 7V Y7 2ABBNAB LY T
n7ufds v(CPFX)D 13 #AITH 5 (X 2-1-2). 3 5 ESBLELEEZMHRE T 5
7z % Double Disc Synergy Test[35]% X Uf P/Case Test (H/KH®IE) % KL 7.

* 2-1-2 A -8

R4 nEF % BRI
Rz % P S ABPC
7 L% FEIHA w77/ CEZ
21 7 FTF CFX
FEIHA A & N CTX
72T A CAZ
BEAHEA 7L CFPM
£7EAL CPR
s05 L7 =a—IL% sO07 L7 c=3—)L CP
TrZHA7 )% ThRIHATY Y TC
T7I/7VaYF%R h <A KM
I % GM
*/ar%k F YTy R NA
vZ7a7aoxdv v CPFX

2.1.2.5. ESBL B=F @7
BT 7 &~—XBIETHEREST S/7-9IC, Akiba 5D [36] KdH B 7T 4~
—ZHVT, MECHEPCR ZfTo7%. WMIELAZB-7 7 2~ —¥EBIETICDOWT,
ZAV I by — 27z RAECTHEERY] %2 R7E L 72, Basic Local Alignment Search
Tool[37] (BLAST: https://blast.ncbi.nlm.nih.gov/ Blast.cgi) % H\» CTHFEIEMRE %
v, B-972~—¥EETFHERELZ. i, DHiKIcB I3 772 FofF
b NI p-7 7 2= — KB TFDOHFIENME % RS % 729, Shahada b D W 5[38]
v, S1X 7L 7 =% (XA T7544) CTHILL, XAV 7 4 = V7 VBEXIKE)
(PFGE) &, ¥ ¥ v 7uvy N %17 o 7. PFGE O %1%, EJE 6 V/iem, LA
2 A L 5~50 %, UkE)RE 20 Kl e L7z, Iz <C, 7/ & DNA % g2 kA5 28 &K v

8



TV FX2Z7L7—%¥Tdh 2% I-Ceul(New England BioLabs) TiH{t L, k&) L 72 PFGE
%% v CERICHIT L 7. PFGE O &fFiE, |E 6 Viem, XV A X4 L 5~20MFE
XU 20~70 B, PKE)REIA] 8 WEfE] 35 X O 12 WefEl & L 7=,

213. # B

2131 FREARLS L EBFNRE

T cix, TEBEREAENICEAKT, BEME» S oA EE CED bR,
FIOE I XSO O N, MRS T, KRR o HIEE, RS R E A
2 D AR T A AR I B 2 RAEMARE, BB o oz, FECEMKELERICEIT 2
M Z S RAEMARBEARERZED O, FArEF T 04 FHPLME % H 72 0%
ML AR e cixbll, G BEEY v o508, g (K 2-1-1A) 3L UorHE (K
2-1-1B) THALES T O4 O GHERICRD b i,

B4 2-1-1  fi@ 24 oo s BEAH A T AL
HUE (A, 5 (B) 1B\ Salmonella O4 FEicx 3 3 Btk G (%&8E) 233

bz, (Salmonella O4 FEPLMIE I X 2 HE MBI AW YE Bars=50 pm)

2132 MEFZNREA

A O RGEEY) v o5 f, BBNE, MBENES X TFENE, & oI FRFEIES
DERGE D & Salmonellaspp. DBt E iz, MEMMOMEE, +re4 7 0P
Eixai-eHEIN, WERDZDICHEMEL 72 ST [FAE PCR TlX, ¥ 1rEF 7 H
B IR E T 28151 (invA: 605bp) B X O ST 2AEE RN ICRA T 2851 (94 bp,

9



196 bp, 303 bp) A T N7 (K 2-1-2A), FBEMLT (394 bp) I i
2o 72 (X 2-1-2B).

M1 2 34 5STM

<€— invA 605 bp
ST 303bp H:1,2
196 bp 394bp
94bp

2-1-2 ¥ rEx Z7IMEMR PCR AR
A : S Typhimurium [@# PCR B : /B (4 2 #§ H#{5¥) PCR

1~5: #iE, ST : Salmonella Typhimurium, M : 100bp ~—h — (X5 754 #)

2.1.33. EXHIRZMHERAR

SR, Fow vk, B2MRET7 LR (774 v R) CREEZEETR
L 7%, ABPC, CEZ ichx, % 3, H 4R+ 7 = %D CTX, CFPM & X U CPR
iR L7z (F2-1-3). 512 CP, TC HX U GM K biitthExmRm L, fftikL 72
13 A D 5 b 8 AT EZ R L 7.

#* 2-1-3 B S2 P BB A R

ABPC CEZ CFX CTX CAZ CFPM CPR CP TC KM GM NA CPFX

R
iexs R R 8 R I R R R R | R s |
mEs
wex R R S8 R I R R R R I R s |

R:fdME. |- hfE. St B4

Double Disc Synergy Test T %, il L 7= 4 ##| (CTX, CAZ, CFPM ¥ X ' CPR)
T, WINbMHIEWEAER I, B/ x~v—X¥HERTHL T 7T VvEEICK B

10



EMEPEO LN (FT—XKRELHEH). iz PlCaseTest iIC Xk h == ) F—%F
G, 7 7uexR)F—¥EHETHo7-2,0b, ESBLEAKEEHEINT.

2.1.3.4. ESBL &= F##7

AE O ESBL O #E s T 1Z %2 ORcH 2 5 blacrxm-ss & HIE T N/z. £ 72, SI-PFGE
TR77AIFVONY FEZEDLNT, ZO0H%OYF v 7wy Mgt cqtikhk 7
7 7 AV MIT blactxmss 70— 7 DY 7 F D b7z, [-Ceul-PFGE 2 D ¥ % ~
7ay MEFICEWTORBEEKD 7 7 7 AV MIC blactxmss 7R — T DY 7 F L
RO LT (K 2-1-3). LA EDFER A 5 blacrx-mss DR EICHET 2 2 L 2AHDS
Pl irorz.

A B
S1 Southern I-Ceul  Southern
-PFGE  blot -PFGE blot
M12 ”1-2 M12 12

50 kb

X 2-1-3 B—F72~—¥#EETIKETLIZIF Y 7T ay b
A:S1X7Lv7 -, B:I-Ceul LM
M: 9687 8—<—h—, L—v 1 HEEEENMK, v—v 2 FEESHEE.
WER D EMIE PFGER, 4+ 7uy b, KAIRYFF v 7ay F cRIBE -

NV MIEERT.

11



214, £ =

SR OFEF 2 OIS NI LELT S 410 - 1F ST 2HMEIIELEETEL &
WERKTHY, ZoEEEIZ ST LRI%FETCHL ZL2b, 2018 F4H1HEY, K
HOMEEEHE LTk eickho7[39]. S 4:i:i-FACREDILER TIED
JRRE & LCmEmicd v, bAEICE T 249 vE 2 TIEDK 10% 13 AR HF 285 K
THRAELTWVS[40]. FAAHE, WHEL S ICKRE OB 2012 F LRI
ML <k hl40], #HFRBEICEWTDH, 2EOWTLE —~HL TS 411 -2BAL TV
CEBHOo N E R0 T,

Sl DREFI 2 b EEE N/ R T1%, ESBL %4 L, 5 3, 4 k7 7o
AR Y V&G EB 0GR AN E % R 3% A ERE < H > 7. ESBL# I T 1 CTX-
M-55 B¢, Jetiff LICHEHEL T Wiz, £ 7 70 2R Y v ZPUEF O 6 HMEE 5O
ANEFETIX, ESBL#EMET O H TbFFIC CTX-M BIAAT L T v [41, 42], K ¥ 7=
AL o TWwaR, HFE, REXGDHY» OO nHEHRE DIEx T\ 5[43,44]. 5
I, CTX-M BB F G EEOH 2 79 X I P LICHEET 3 2 L3k Td b [45,
46], MMUEEEF+ 2 H AT 32 7 7 2 I F 28 Salmonella enterica % & ® 7=
Enterobacteriaceae \AniZET GBI H 2 2 & BREE I TWw5[33]. 5 EDFEH
Tt N7y VTS 71T blacrxwss ZREE LICRAL TWA2Z b, o0
BT7 7RI P REOER~ERL2b 0 Xz, ARE I EANMEEE T % 3
iR AEL T3 b, 772 FEOEAMMEEE T & I L CREE 1K
WhoD, MEKELTLELTWE I ERRBEINE, SHEOFEHIT 2013 FICH
EL7Z2DbDTH DA, 2019 I Zhang b BHEIC B\ T blacrx-m-s5 B I5 T & Bk

]/

FieFoyrrsx 70oHBRERITEREL TH 0 [47], Zo&BmICOWTSEKD TR
LTW BERD 5,

77 AR VERVIEHARBRAERCESWTEHINL TV AHERO ~2TH Y,
Fricss 3, a MR 7 7 v XK VINRIVES FIED T RHRIRKEETH L. 21
LICMMEZ R T ILVELTRRELODMINLZ L0, NREE L, FROFE
BN MER DL EEZ LN,
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£ 28 BEBKAEERYILERT OUEREHRA

221, BEEBLUEM

PUEANZ, NERZTCRCEBEBRICB LT EREORBICEERAEHZREL
Tw2, L2L, ZofAHIC XY SEAMER2ER SN2 TR EICHFET S L
BT idcE Ry, KERKMEROMBE L U<, K&EME LCIXEERZIC
BILIVEAOBEMEOKT 25T 51 5[48-51]. AR E LoEE LT, &X&
~OVHEYE O IC X VER SN EFMERAERCEREZBLE T, 20
BB, ANICEEI N2 ATHEMEAIERM S T 319, 101, AICEE X U7 A1 it B 28
BYPJER B TR LG, VAEDEC X 2RBCEELZ5 2301 H 5. %
D72, 1999 £ 6 BYEIREBBRENT Z o0 b A E OB R ER o € = £ )
v I7HREBMMTbITEY, JVARM (Japanese Veterinary Antimicrobial Resistance
Monitoring System) & L CHEEMNIFICIAL BRI TV S,

DORETEREBCHEHIN T 2HEAD S5 bEKICE T 2 EHEIHRD THE <
moTwd (¥1-2) [7,52]. JVARM Oo#ti5E2 R 2L, RdbEMHIhTw37 7%
A7V v RPURE AN Z R 3T KEHRKRKRGHE X, 2017 FTIIAMAET21%TH 3
DXL, WHET46%, KTIX 55.4% & &<, KIC BT 5 15N E o 35 it 185
KB L O ZoHBZILEST L2 EPEELF RS,

T LIGEE, BNMEOHR Th $ AL EA T (Salmonella) D % Fli AL 25 K5 2 ¥
BLOAREE LORBEL o TWw3[53]. FRCKIZVH VA ZICEEL THHICEH
WIER 2R3 L 3RS 3, MEROREKE 20, RUIBIcHLZ YT 254l &
b, LERICERERN, A3 eELREENL CHBENICERZE YT 2 Al s
fERENTwa[55]. P EATCTGERINZEAS LKA B IZAO I L E A T
FEDQRK L 2 VG2 O N RELEELOEERERTD 5.

2T, tEHBCMAINEZBEROELENEY 2, yrEx 7 RERILZ
BETLLe I, rERXA TGRS OBUHHAELEBL, HHEO MENS X
DA 0 2t 2 A& L 7.

13



222, MEBIUOAIE
2221 # #

2005 7 H~2006 F 3 Aic, #HEHRNO L REGICMA I N 48 B, 595 HHD
SRR EEET, EEZONMEAE TRESRD O NAh o 2 lEE N RICEBNEY

ZERELLXD 2 00T L 72,

2222, HILEXTRERE

48 RIGATI A OB L -GN EMN 1 gk~ —F -7 F 754 vIgERE# (K
PHES:) 15 ml IcBfE L, 37°CT 18 BERIRS ik #5 %%, DHL RIH (L) »
ZVY TV - v EREM CGRUHMEYE) & 1 BUCER L, 37°C, 24 FFfEEEEL
o, &g e rEXASBEE AR an=—% 1HHLY SHEEHFEL .
YE A T OFGEICIE TSI EREH CRIME:), SIM ¥ CRIHLY), vEv X2
T VR RER M CRIHMESE) i X 2 8hlRE, Fro7m—2a-FF o X—¥Hbk (5
Form—L4 - FF X —HBRHAM; HAKEIE), VP G (VP RREE#H 5 KA
b)), ~wv VA (vr VIBEREH  RIHMESE), V> v BRI (V> v i
PSR B 3 5 RIHEsE) o X PRI 2 FE L 7.

2223 EiAA

REFAED 7 2 HRICEM L ZEBHFAECE, REAECIHLERX 7B I L2
16 25 (B A~P) @5 b, 20064 3 HICEBHNAY Z R TZ 72 13 BY (B
A~M) ZRRIC, REFAELEECHEEY L vEL 7 008, MEMNMNZERL 2. &

B 8~10H WM L, ARF124BHICOWTHRAL 7.

2224, mBzAN®RE

FAE ST LTS NZHKIZT T Kauffmann-White O §TJE i i< £ o < Primik
(Difco Laboratories) %M\, @k (0) #ilE, #E (H) HEO 1 HE THDE
EBRICEIT O, MEMZFEE L 7.

22025, HFBSURR
REHE S X OB AECHMES WY LTS T 1o T, CLSI O ® % EKF

14



WA RECR/ANEBHIERE (MIC) #HlELA. 7LV A4 27K A4 g CLSI A F
74 v[66l X Asal b DWMEBTITHEL T2 EZ5HL 7. SEIEAITT v &
) v (ABPC), £ 77 /Y v (CEZ), YvFuxtL 7 =42y (DSM), #+
~Avv (KM), vvi~4vv (GM), #*¥v 77294290 (OTC), 2V X
Fv(CL), 7w 7.7 x=a—1(CP), >V Y7 AW (NA), &+ 78v*+% v (0OFLX),
ANT 7Y APF v (SDMX) © 11 AlxfHL 7= (R 2-1-2). HBEEHEKL LT
Escherichia coli ATCC 25922 % H\» 7z

223. # B

2231 HILEXSREAR

HREFAECE T 2R o v e 7RI B X O EER 2% 2-2-1 108
L7z, 48 Y5 16 25 (33.3%), 471 5H" 3156 (6.6%) 22 ¥V E X 7 M X
N7z, 16 25 13 25 < 2T (10~22.2%) D> LB Ehz—7, 45, 5
5H (40~50%) &mBEEICHMEBINEZEBGIEELL. v rEX 78RBS
72 13 RGO W B Z EE L 7-.

#£2-2-1 REFAEBECEBIIZEL oY LT R 7R

=% REIEL PILEX TIRHBE R (%)
A 10 1 10.0
B 10 1 10.0
G 10 2 20.0
D 9 2 22.2
E 9 1 11.1
F 10 2 20.0
G 10 4 40.0
H 10 5 50.0
| 10 2 20.0
J 10 1 10.0
K 10 3 30.0
N 1 100
M 10 2 20.0
N 10 2 20.0
0 9 1 11.1
P 10 1 10.0
32215 314 0 0
ETA8ES 471 31 6.6

15



2232 BYHE=E

BIREICE T2 REFEOY VE S TRBIRIL B L O EEMER % R 2-2-2 IR L
7. AL 13 B 5 B2 (38.5%), 124 BAF 15 30 (12.1%) 225 ¥ L E 4 7
DIorHEE 7.

#£2-2-2 BYHECBIZELE Lo LE S TR

YILEXTZ BIAE REAE

BE REBEE pumm Rem)  REE(%)

A 10 0 10.0

B 10 3 300  10.0

C 10 2 20.0 20.0
2 e Z B0 B
e 2 2 2

F 10 4 40.0 20.0

Fe 9 3 33.3 40.0

H 10 0 50.0
- 2 = 2
e - — T

K 10 0 30,0

L 8 3 37.5 10.0

M 9 0 20.0
132 124 15 12.1 6.6

2233 MBRMNEE

VPLEA 7 ORFERES L CEBHHEDO DY V4 7 OGN & DB E 2 K
2-2-3ICF e MFHELDRD L CREINAMER T Typhimurium TH - 7z,
R & <X Typhimurium, Give, Derby, Salinatis, ¥ & ' Schwarzengrund
O 5 EHoOMBEM BB I N0 L, BffE R INZDEwTInD

Typhimurium ® 1 ¥ TH - 7=,

16



# 2-2-3

STHEY OV E A T O MG & oy A

RERAE B AE

55 BRI (%) R R I BRI (%) R RIH
Typhimurium 23 (63.9) 14 16 (100) 5
Give 8 (22.2) 4
Derby 3 (83 3
Salinatis 1 (2.8 1
Schwarzengrund 1 (2.8) 1

&t 36 23 16 5

2.2.3.4. EHIRZHERAR

SHEXT NI B2 ROV LV E A T DRMEIEA D MIC o4 L tERE 2K 2-2-4 ITRL
72, FFEA ot *R 13 ABPC, DSM ¥ X UF CP I% 65.4%, OTC (% 78.8%, NA i 5.8%,
SDMX iF 90.4%T® - 7. CEZ, KM, GM, CL ¥ X I8 OFLX i % L T3 3~ T D Ktk

BIREZE "R L 7.

£ 2-2-4 EEHLE S T 52 o A2 M
MICEE MG MICe Lo 07 mHH EEE®)

ABPC 1->128 >128 >128 32V 34 65.4
CEZ 1-8 2 4 320 0 0
DSM 4 ->128 64 >128 32V 34 65.4

KM 2 -4 2 2 647 0 0
GM 0.125 - 0.5 0.25 0.5 16V 0 0
oTC 1->64 >64 > 64 169 41 78.8

CL 0.25 -1 0.5 0.5 16Y 0 0

cP 4 ->128 >128 >128 329 34 65.4

NA 2 - >256 4 4 32V 3 5.8
OFLX 0.06 - 1 0.06 0.125 20 0 0
SDMX 128 - >2048  >2048 >2048 5122 47 90.4

1) Asai b0 & %51/ [57], 2) CLSI#ZA4 F 74 v5lH [56]
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HREFAE S L OCEMEAE O RIS L £ % 7 O MiES & BHMER %% 2-2-5
R L7z, 8L 72 52 BRI ~C 1 AL Bt te 2R U7z, i B0 oo 38 A i
MER2 e, REFAECHEEX N/ S Typhimurium 23 % d 5 5 21 £z ABPC,
CP, DSM, OTC & X " SDMX @ 5 #liciiftEZxm" L, Y 2 13 & 612 NA #x
7z 6HlicH LMtz xR L 7. S Derby @ 3#kh 2 #kiZ SDMX H A i, 1 ¥k
OTC & SDMX @ 2 HliciiftEcdH o 7-. S Give 8#k, S Salinatis 1HKIZZhZh
SDMX B A it % 7~ L 72. S. Schwarzengrund 1% OTC, SDMX ¥ X " NA © 3 3
Al 27~ L 72, B <13 S, Typhimurium 16 ¥, 11 ##% ABPC, CP,
DSM, OTC, SDMX o 5 HAchift:% 7R L, 5 A OTC HANCH M Z R L 7%,

PrEXIRMEINE 16 BED 5L, 14 BE2»S 5 Ald L IE 6 Ao
S. Typhimurium 2 &7z, 72, BffAE*T-o7% 13 B0 5 b 5 B CH
By LR 7B SN, 2o KT 5 & 4825 (BE B, C, GBXUL)
THEEFAE & [F U ABPC, CP, DSM, SDMX ¥ X &' OTC @ 5 JEHic fiift: o
S. Typhimurium 28 F ORI X 4, 2 2% (BY F, G) < OTC HAIMHE %R 3
S. Typhimurium 23 %77z IC 0 X L7z,

£ 2-2-5 EIGRHISEEY LA T O IiE R & S iR

REAE B AT
Bi% mER MR B B &R iR B EE
A Typhimurium ABPC,CP,DSM,0TC,SDMX) 1 1

ABPC,CP,DSM,0TC,SDMX)

—

B Typhimurium 1 Typhimurium (ABPC,CP,DSM,0TC,SDMX) 3 3

(
(
C  Typhimurium (ABPC,CP,DSM,0TC,SDMX) 2 2 Typhimurium (ABPC,CP,DSM,0TC,SDMX) 2 2
D  Typhimurium (ABPC,CP,DSM,0TC,SDMX) 2 2
E  Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 1
F  Typhimurium (ABPC,CP,DSM,0TC,SDMX) 2 2 Typhimurium (oTC) 4 4
G Typhimurium (ABPC,CP,DSM,0TC,SDMX) 3 3 Typhimurium (ABPC,CP,DSM,0TC,SDMX) 2 2
Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1
Give (SDMX) 1 L Typhimurium (0TC) 1 1
H Give (SDMX) 4 4
Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 1
Give (SDMX) 1
I Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 1
Give (SDMX) 1 1
] Give (SDMX) 1 1
K bTyphimurium (ABPC,CP,DSM,0TC,SDMX) Zi 2
Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 n
Derby (SDMX) 1
L Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 1 Typhimurium (ABPC,CP,DSM,0TC,SDMX) 3 3
Derby (OTC,SDMX) 1
M Typhimurium (ABPC,CP,DSM,0TC,SDMX) 1 1
Derby (SDMX) 1 "
Salinatis (SDMX) 1
N Typhimurium (ABPC,CP,DSM,0TC,SDMX,NA) 2 2
O Typhimurium  (ABPCCPDSMOTCSDMX) 1 1
P Schwarzengrund  (OTC,SDMX,NA) 1 1
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224. % =

ENOKEZNRE Lz vES 7 OEBRHRICOVWTIEINE TE S DREN
»H2%([58-61]. HHOL[6LIIIEHBHNEYMZH WHFHE T 1970 FREZEPLTIE 23.1%,
1980 EREFETIX 5.7% D% %, Futagawa-Saito & [58]1X %A MEZ W&
T 1998~1999 4E 1 2.2%, 2004~2005 FE 12 3.3% DMKz L Z it L T\ 3,
Z D%, 2005 FOWMETIE, 7.3% THh o7 &2t & nl60]l, FRKEHICHZ 24K
HEOMIEE 6.6% L IZIEFAKOERAED b, AREUFROBBEOHE % A
5L, [EMKEAORRZEICHET 2 HEMEY O EEREM/EE] [62]TlE, 2010
~2013 FFDOREELZ 0~4% AR L THY, EHES T 2018~2019 FiC 5.2% D%
HEEZWE L TWB[69]. Ll Xsic, bAEICETZHrEL T OBREEIZ 1980
FRELPOEAMICETLAEZD DD, AL L THWEEOKAREL C\nwd LEx
bz,

SEOHFHERE TOMEEIL 33.3% T, MELAEZRED 1/3 TYLE X 7 BMH X
Nz, Rk o EMOKESFE”LRIZ 2010~2013 FEDEERFE R E 0~24% L NFE X
nTHh, $-AAD IEAERHAELEFER] [63liIcBWvTH 2022 FicEET 76 F
DEGTORILVERX FTEOREDHREINTVDE I Lrbd, ENOBKRE AR
WIS AV ERTICHRINTVWDE LRI N2, T, BHEILoREEIL
20%FEE DO BRI R R A% & (50 7228, FICiE 40~50% DE & TR S 1 2 BY;
bHY, BHICLo TREGNOHRDIEBVICECEDH L EnHL» Lo 7,

KT IC oI nz v 4 7 0lliEM X, Typhimurium, Give, Derby,
Salinatis, ¥ & ' Schwarzengrund @ 5 MEHTH VY, &d DEEHELE» 272D
2% Typhimurium T& - 7z, Al O E2HOKEAREMLE TS, Typhimurium O 5
SAERERDE L, RTDerby & AKLTED, FAKOMEMBED LN,

Sr#f X N7z S. Typhimurium @ K213 ABPC, CP, DSM, SDMX, ¥ X & OTC ®
5 AN 1 % R 3 % itk (ACSSuT) T& - 7. b 23 E <13 % Al 4 (ACSSuT)
%3 S Typhimurium 7 7 —¥ 2 4 7 DT104 (LLF, ST-DT104 £ 94 %) 75 1980
FREPLICRAL, 1990 2O KECTHHES IR, ZOBRENICES MLz L
BHIL N TWw5[64]. Esaki &3 1999 £ ~2001 FICXREFE LV @i h iz
S. Typhimurium D ¥#28 ST-DT104 TH o7z & WmE L T 5[65]. KWL T,
ST-DT104 % %513 %2 PCR IXEM L T\ 7223, /TR O ¥ % — v 28 ST-DT104
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DENE —T BT EH5,20054EH 5 2006 F 122 F TH 8t X N7z S Typhimurium
I ST-DT104 T»H 2 A[fetEsm v & HEH T 7z,

REFAECTHALEAR T DHESI N 13 B2 BHHAEL 2#E, 5 RECTHUY
NEZXTHGEEE N, 2D OB 4 BE» LK HFAE L W L ABPC, CP, DSM, SDMX
XU OTC @ 5 ATt % R 3 S. Typhimurium (ACSSuT) 2347 #f & 1172, #HIK
BoREEREIEE2 LR EETHT IR, XL ANEDbo T3 bbb T
Al Ui o S Typhimurium 238X =2 & 25, B & h7z 4 2513 5 Al
P S, Typhimurium AEHIKIC X 2 RECEGERE~DERAFIC XV BENICHEELL,
JK~DEG D Fi e L T/ 2 &R I N7z,

EHHFEE I, BERES» S, REARAEcCRBRE IR 572 OTC H A 4
S. Typhimurium 2§72 I HE S 7z, BN D% < DK T 1L TR a5 % B 8 & G
JEDREEHE L LTT b 7% 4 27 ) v RHUEA 2 BN wmm Uik icik5 L <Ts Y,
BENOME FEHMICOAZ YV HIEAICE LI N, ERELE2D2>T0WDEEFZ 5.
ShloREREICE T 3 EAFEHRIIEAH T 328, 2EE 2R OEHRIL 5
TEIHA 7Y vRIEAORBEBEHICX Y, OTC % &% 5 FANCt % R 3% #l
¥ S. Typhimurium & OTC HAM 4 S. Typhimurium 23R X 41, DEES T
A REED B B

(B4 B35 S S e M R ) (R MOKEEA B RS SRERT) I X 2 &, &2 4
(2020 ) DIKIC 51 2 FUEA O HEE IR ECR 12, AFE L EML 24215 KEL
WHOLTw3, LaLlihoRE L CRKIcB T 3PHAFEMRERZRZ%<, 7
7HA4 70 vRFREA (ROKSAD) 25T 2@HmEED L B, KFEICH T,
BETOREAMBHIC XD FEDKRINER I Nz vRER R I N XD ic, HERY
TRIEA OB IR 2@ RT3 2 2 QUEICEX, 5% ELD 2 PHAOME
HEEH 2T 2 & & bic, PIFANCHEDS R WIERBFAKICHE Y HA TWw L T enke
b3,
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23. /N fE

F2E RILEAXEYILERT OEF M IEMIE
j{ﬁ*@@i’ fﬁ%ﬁl Uf@ﬁﬁ%#@ﬁj\%&é N LESR T @%ﬁ@ﬁ”ﬂﬂﬂic:ﬁ%j—%lﬁqﬁc:
DVWTHEL, UToZeBHL 2 LR o7z,

B FYLEXTERRNEOERRRA

AR T L 2 A D F v A TREREDI 2 5 X BE S e v £ 4 T O FEF 1
BT B A FAE L 72, DMK X Salmonella enterica MER 4 i -CTH Yy, HH
FERMALIREL B - T 7 & ~ — MR T blactxmss & Retafk FICHA T 5 C & AR X
N7z, €7 7 ZARY) VRPEAZAERICEWTEHIA TV I3HFEAIO—>TH
D, FRICEH 38, 4 MR 77w 2R VIRV EL TIEO FHARREETH 5.
INHICMEERTILEX INREL O NS N L2, AREE L, FEO
FEEXILOVDEL DD EEZLNT,

£ 28 BEREDIoDBEEINLYILERT DEREHR

2005~2006 FICHERNO L &G ICMA I N E@BEKICECT, $rEF 7 DR
HAES L O VL T IGERG NS 2B HE 2 FEf L, oHEtkomER, A
Mtk z i L 72, BEECILEL T BTSN s RED I b 4 BTk, RE
AL [ Uit o S, Typhimurium 28O0 EE S 1, RGN O EENL, K~ kG
Fie AR T N7z, T 512 OTC 2 & L Al S. Typhimurium 121 Z, #7721 OTC
HAIN 7 S. Typhimurium 28 @825 ot n, REGToOEFBRHIC X0 FE DK
DER S N wREE SRR T e
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E3E BEILHMOTHEICEYT 285

3. =B L VED

R IC B W T, BKG COHIEA ORI IC XY KO BEE N T # 25384R &
AR TR E N, BRECHEAOHEHAEL M X 2 KK O —2 I #ALTKO FHi
FE~DMNIGD D 5. BEALFKICHRET 2 THIE X ZOHROMRICKESEEL, KE
REE S22 L0, THIED P, %72RIERORED oI PR 2% Bl
Haha, LaL, FUEAO%HIZEAEREEORKE 75 2 7% &nREE oK
QEHoTwd, Z0ky, MAMOBNEEZ RIiFIctkb, HFCRBI 3 L
DEKICEFIHEELERAO —->TH Y, HEAOFEMHAESZHIN ST 2 2 L IcER
5.

HROEBKRZECIIEEER Eo77® 3~4 B8l c ANANICEA I ¢ 228, b %D
RO EARBEEILIE 2~4 2 AB66]1THZ 2 e h b, FIRICL o TIHEAREARR ML RER
5. HEFLIC X o TREDEHI D% WK TH 2L b KLY D% o EE R~
ZAT 5 2 ik, NEMEOHEETICHRESIICEMLE b 0T, REOBIN L
feoflic, RE7ort, BEHMBOIC X 2SR EEANARX PLRICXY, BALTKT
Fr A ¥ —ERENHILAT ORI D — X T LI69], /NEHKE ©ZEiiE s 8 5 [70,
71]. Z OZALIZEEALE 3~ 4 HTRAE &Y, /NEGHRE O EHi 13K I O FHE % K
oY EE, BEEEETOERE 2 25[71] . 2 OE, EMEPCKREN O HIR
WA BERE L, BENORBELESEE Y, FETHAREET 5[721L TN 5.

X D ICHEILI AR b OBATIURIC X 2 5D b, S RE~ZE D 2 W ic Y
2%, 20, KOEETRD ENHMECRH T Y, RFEEORREEZ T 72K
LHETHRI~BIT LT, ML TR D THIFE DK 90% Tr X v 4 L2 & KIGHE A @ %
K X Tw 5 [73].

xR LT, BERKOBGERE MM, >0 In sl /BED LT v
CkoTEDLDN, MHNHBSHMEMBRRZ CIHFREN S TR I AT S
[74,27]. 25 v EBIHKTF L LCAT TR, RERT L LT oMGNME i FH
I, EEZBNMEEZEOEK S X CHRFIcHF S L w327, 22 <, HATKD
AR % RUFICIRD 720, L F VWb DB ICBE L T v 2 5N Akkermansia
muciniphila DK< B F 2 BEEMRIE % H 1 I1C A. muciniphila & KO THIE © B % % B
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L 72

32. MEB LUVHE
321 WREL

HEFLINIC TIAEDS % F6 3 2 Wi RN 0 235 (RFIK 380 BH —H A, av_v v a s
VRS LUT, TIFEARS) 1L TRREAER YRR (BHK 700 BH—HREH,
SPF (Specific Pathogen Free) £, T, NHEL) 12 NRe L. WESLL
bICHEFL H i3 24 H©, WIABE T ICEEAL RO OB EZTo Tk, £
TR, MR THiozS, FAEEHDS LIk 3 HmTAMEZEFH L, Zo%kEk O
Uv&zicabe T, #AR?LS 120 HinE citAEWE Zz@RFICHML T, T
RFERGCHBECHEAK B TEKrZ YA v 2 A, B B XEKIGEORA KL
Tk B PRI FEEL T,

3.22. ¥ #

M & b 2020 4F 12 A =0 MK (LWD) o i FLIK (10~20 H e, 11 88),
HEFLIK (28~35 Hiim, 6 3H), AR (42~60 Hiffs, 6 5H) 2> & PIERAYIC IE & 7 H7 fif
SAEZRIL TOKM T TREEICR bR, UBoahricftd 2 £ ©-80°CThRE
L7z, WFLIKIZ 4 BHD IR 5 2~3 BH, BEFLIK S X B RIKIE 3 X2 5 2 3H T D
L 7z,

3.2.3. A. muciniphila 16S rRNA Bz F D& H

Morita b @ J7E[THlICHE, SAMEOWEEEH L O DNA il 21T - 7. EEEK 1
g kL, R LEZSAESY Yy 7L 01 g bMBLZDNAZT Y 7L —F L L,
A. muciniphila %R0 7 7 4 ~— (AM1 & X O* AM2) [76]% T PCR £ T
A. muciniphila D % 1T o 7=, KIS EIL 25 pl & L, EmeraldAmp PCR Master
Mix (X554 4), 774 ~—w&KIEE 0.5 uM, #% DNA100 ng THEJE L 7.
PCR &/ i3 94°C 557y D%, 94°C 30, 60°C 301, 72°C 20 W% 45 4 7V, &
BRELZ 72°C 50k L7z, Bo5N7- 327 bp D PCRHIESY &2 T Ha —27 A h
M LR 74 ~—lc Ty — 27 = Vv AT 2 EME L, A muciniphila TH 5 Z &%
MR L 7z,
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324, SABHROLF VEERE

SAELFVHEF Yy b (ax® - N4 4) ZHOOEKR 336 nm, #tHEE
383 nm CHIE L 7. EEFROHENMEL VMREREZERL, MESAFE 1 ghZH o
LFVvEREHEEBL L.

325, SAEFR OB EEREERE
KA AT LAY AT & (BEEER) 2HClELE. B, A
HmE 5y T 77 7 2 Shim-pack SCR101H (300x@7 mm, EEHERT) %M, 5 mM
NZ v ANKVEE (pTS, AIXHME) Z2BEHHE L L, 5mMpTS/100 uM EDTA
([F{=4) /20 mM Bis-Tris (FIJeH#i3E) 2R 2 7 M & LT, LEE, BER, HEfE
Bl 7ot vgrimt L 7.

3.2.6. #ETALE
B O MEFE A B M X Student t-test ZFHWTHIE L /2. GHEE 5% K%
FEEDY L, HIXFEELERERZE TR L 2.

33. % &
3.3.1. A. muciniphila 16S rRNA Bz F D& H

KBEAT —Y T LD A muciniphila 33, SEES <X, WALK 100% (11/11
UH), HEFLIK 33.3% (2/6 §H), ALK 33.3% (2/6 3H) TH o 7=. —F, FRIFAEEY
TIIMFLIK 63.6% (7/11 9H), #EFLIK 66.7% (4/6 ¥6), BEIK 16.7% (1/6 ¥H) &,
NRESGOHILIKIC B T 2 A muciniphila B E 238 @\ %R L 72GR 3-1).

#£ 31 XEART—Y LD A muciniphila B3

Mg FLAK BEFLK B B
(n=11) (n=6) (n=6)
TRIFEEES 63.6% 66.7% 16.7%
PORiEy=$— 100% 33.3% 33.3%
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332, SAEFRD LT VEERE

REAT -V TLOLAERDLF VIREL, NBES I TRBERS L
THFLIK (P<0.05), BEFLIKSB X OHFBRIK (P<0.01) DI _XTORFRAT -V THE
CE o7 (K3-1).

* %k

%k %k

m THRRERS
nRES

LA BEZLK B R
X 8-1 AR LFVEEOLIK
# X 5%KHE, * %3 1% KECHEELDH LI LETT.

333 SAFETOEREEEEE

S AAE TR OF BEREIRE 12, NEES S TR RE L B L <, WILIK O BRI
BEmh otz (P<0.01). EHEKCTIIEEEE, FFRE, 7o vt v o2 E
BRD LN, —T7, THRIFEAERYS CIEWMIALKOBFRRIRE 2 &2 o 72 (P<0.05). %
I RTOEBAT —VILhBwTIARRED & MEHA 2R L, Fric iR (P<0.01)
EHBK (P<0.05) THEICHED o 72(F 3-2).
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%532 AT O BRI O i

R o HFLEX BEFLAX B K

(umol/g of wet feces) = n=11 n=6 n=6

FLER THRIFEE 2.08*+1.51 _** 3.99+1.74 2.24+1.43 ]*
popicet 0.57+0.50 | 282+1.51 0.85+0.48

(Y73 THRIFEE 1.95+1.71 —** 14.28+13.17 23.13%£7.09
X388 501+136 | 11.77 £2.55 31.96*+7.24

27 THRIFE 24.72+8.19 "* 49.36*+14.36 52.23*6.44 }k*
3168 17.99+5.89 | 60.31+10.47 99.74+16.77

rarsd v THRIFE 7.21+2.88 20.04%9.29 36.76 +5.84
POLE] 11.66 £9.70 27.28 £8.07 44.25*+7.95

P E R EERE St BREIC LY,

e EINT.

® X 5% /KHE, * % (I 1% /KETHEEND D

KRiABE <L, A muciniphila & RO FHGE O BGR %2 BET 3 2 72, HEFLIH I THE
BEFHTHEGE THRBRERDPRVEB ST IR AAEERERERAT -V
LITHEL 7.

XA C XA L 2 ALK 11 BE29H 2 A. muciniphila ZfRE L Tz, %7z,
WA BT _XRCORERT -V CTRAETD L F VBES FRFEEERSOHE X
FoY LB L THECRH WIREETH 5 /2. ¥V 2 Tld A muciniphila i< X Y #HlIE
ARERIC B v
T, A. muciniphila % A H L 72 BEGOHAK TR AELF VIRERFREICE W T
L, RICBWTHFABEOFERATR®BIN, LFVICKI2BEEOYENANY T HE
Y, MABLMEIATwE EEZ LN,

X oic, WIKTIRISABEFOMBIBE S ERICED > 2. BB IIBE L EE
E#ZEN A F - 7718720, MEOREEAET8], 7 I/ L 7V 2 — Rk
g v BoERRHETI R L, FMERVEO T T EE~OABEES GV, A
T, M- 7oA v L) DEIRECTLF VAW EZRH T 2 2 LB ERINT Y S
[80]. Z D&Mk D EMIC & b WFLBNIC I NEREI s RIFICIR e 7z vl BEE S Z 2 b 7z
Z L CHERL % #% 72 B OIS IE 3R C 0 R SHAR I BRI BE 23 & ) % /R L 7z, Piao & 1
BRI D 3 A D BRI % &R 29.1+17.6 mmol/kg, RS 98.8422.6 mmol/kg,

DEERMEL, LFVELEZIETZZEBHL 2L > T 3[25].
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7 v vt Vi 48.0£21.1 mmol/kg & HE L T w5 [81]. AHERICH W CHBK CHE
INFSAMH OB RIER X, BKEFAZFLXVICELTWSEZ b, N
BETIERHICBENMEILEL, IBEORBERESHDbo T eEILLNT,

—J7, TFTRFEERLG X, WM IC A muciniphila 38 H & iz WK D FE L,
SAEFOLF VIREAHAHZED I RCORXEFAT -V OB LKL C
Kol b, BEOKBEANY TEKEATSTHY, MEEEEZZITRT 0V
WERIECTH 3 LRI N, IHIC, THIRERG CEIRTOREFTARAT —YILHW
TAAEP OB S E M 2R L7z, FLERIT bR M B~ o WX A3 JE 4 12 <
KB L BREOWINZIEHE L v 2 25 [82], FLEEAMIICERT 3 & ML
DIKGFDBEEM L, FHIZFHT 2 nHETED H 2 [83]. ARFBRICH V72 5 A IZHIRK
WCIZIEH TH o 7228, THIFEARY CIIMIAL 2 & £ TR B X G T H % 4
LT WIENBREICH 2 LHEFEI L.

LEo#iRA» o, THIFEERSG ENRES 2T 2L, ERE D RVHFLIKD
R 2 S IGE OIREN R Y, WIIKIC B 5 A. muciniphila O 174 13 55 SH G B g
AL CBEoMetticE S L, MK THREZ C— 2o 0 BK & 74 5 Al etk 2
R E N, —H T, A muciniphila 3 b F v RO BB CHEREE et viEE
FEAET 524123, BREEIZEAL kv, NRESOWIALIK CRIRIRE 22 & < & o 2 EHRA
IAHTH 5. 5%, A muciniphila b O BNME & OHEAEH 2, THRFEAER
5 IR CHERIRICE T B A muciniphila D \5H RO E 7 &M 7 A

METH 5.

35, /v FE

MEAEHEA R ZEBHEL, KicksF 2 THIEFRAEICH L, Akkermansia
muciniphila D¥EREVE % RH T 2 720, BEFLR IC T RIS T 2 B8 (TR AEREE)
ETMRREER DR VES CHREY) TMEL2T-o72. WK, #EIK, BHKD 3
DDHEARAT =V DSLAERD A muciniphila R, GRBEIRE, 57 VviRE LY
BL7zEZh, THIRAERYS CIWIAKD A muciniphila R DS 63.6% T,
A. muciniphila #fREA L T WEEBEEL, TXTCOHRBFAT -V TLTF VIRE
DHEICKLS, ABBEEAEWEA 2R L2, —77, SEES T, WMo <T
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DSR2 b A. muciniphila BH X 4, FTRIFEAERS & L CHIAP oMK L X O
LFVIEEREREICE P72, 7 A TlE A muciniphila '\ X YV L F vV EAEBUAHES
ZZERPLDERoTVEN, KW TbRAKOIERBSR®BEINAE., 72, BN
KT3I ~CTomEBERRE SV EHTZRIL, 2FViRESAREICES ok,
ZDXICAEZTD R CHAKOKH 2 LBEEORELELZ ZLAHL2 LR,
WELIKIC B1F 5 A. muciniphila D FEEZEH#EEN B Z ML OBEo@E2EICFHF G L,
HEFLIK O THIGE Z B C— D> D ER & 72 2 A[REVEDS R R S 7z,
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£4E BHANOTAETHCET 2BABEEORT

41 E2H L UEDY

A IC B W T, WILIKIC B J 5 A muciniphila DFEE I FE#EEN B Z N L CBEO
fEREICHFLS L, AR THIEZ C—20BER & R 3 AREESRBR I Nz, —F
T, A. muciniphila 3 55 v RO CHREE & T e vt v IEERFEL T 5 [24] 08, B
B lZEA L v, HIBG O MK I TRFEERG L R L CHMBIEEOS £ Y 28
R I N7z, ZOBERNIIAHTH 5. 72, A muciniphila & o ENME & DO
HAER S, THRIFEAERY L NIES CHEBERMICH T 2 A muciniphila ® 5HEDE
Wi EREl A B BB ETH .

ZZT, THRIRERLGLNRREORERERT — Y OIaNE#EZ XA DNA & —
T v¥—Ic X3 16SrRNABEET V3~VA O T v 7Y a VETIC X v L,
BEOREDORMCMRICHE S HEOLILDECZHL 21T L, K TIMAEICEL %

A. muciniphila D FEREIC D W THRFT L 72,

42 MEB L OHE
421, & #¥

FHIEEFA —DOMEITH B THIFERE &AL &b IR (10~20 Hifim, 7
B1), HEFLIK (28~35 Hiin, 6 31), HEK (42~60 Hiis, 55) © N Z 4 18 By
DEAMEEZBHLE. Zod vy 7 RLER 4-1 IR L 72,

#£ 41 v Ik

YV INES EH R VY INES EH B F AT R IX 93

At AP BE R B: THIFEERY
2, 3, 10, 11 10 Hif# 2, 3, 10, 11 10 H#w il FLAK
17, 18, 19 20 Hi## 14, 15, 16 20 H s i FLAK
21, 22, 23 28 His 18, 19, 20 28 H s e FLAK
29, 30, 31 35 Hiis 22, 23, 24 35 Hiin A FLIK
35, 36, 37 42 Hiis 26, 27, 28 42 H s B K
39, 40 60 H #n 34, 35 60 H fin H K
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422 24778 L 16ST 7Y OV

Morita b D77k [751ICHE vy, SAEHEH S XU DNA S 21T o 72, EBEN 1 ¢
EREL, HLAESAES Yy 7L 01g b LZDNAR T v 7L —FE L, 1
[ H o PCR Ti¥, V3~V4 I % ¥iE3 5 357F/806R 77 4 ~— =T ICHHL T2 7
TA~—%EHALZ. MiEEhZEYEZE - XBEL 2 0HD PCR o#Ale L TH
Wiz, 2 H®D PCR Clit Index it & 77 4/ ~—% il L. LAY 74 ~—%K
42CRT.DNAY =T v v 7 DdD747 7Y -0z, A rIitthosnm
Fa— it o TEEL 2. v — 7 v &1t MiSeq Reagent Kit V3 600cycle(300 X 2,
2500 /1 7 7 A& —) il#FEZH\w, MiSeq(A Vv IFfh) K TRTZV NV —F VA%
1o, ik, BEKNERIA 77 ) —FB L WHEN X7 7 20 —F () (FNEG
i) iCHRE L 72,

4.2.3. BT — REAT

MiSeq TH L7z Y — Fit, Index EH T2 J1#%, Qiime2(qiime2-amplicon-
2023.9 #8427 7 v b T A =L LTI SA VT T r—v a vIT XY
Mxf{TRo72. £I¥HICDADA2 [85lick Y, Bohz)—Fotr) IvrsEF)
AR, ZLTCHFAT7F v 7 %fTho7. PY I vk, 5°Rimfll2 & 10 HEHIR L
7z0b 260 FERED Y — F & 3R 10 HEHIBRL 230 HERO Y — FE2HWw, <
— VLN EERLZ., AT 2RI RTCoT vy 7 Y)avyy—4— vz (Al
amplicon sequence variants, ASVs) ZflifHl L MAFFT [86]ic XV 774 X v } L,
fasttree [871IC X b RIXMEHTICH V72, 135 N7z RIKMEHTRE O NE % Ml 32 720,
a B REMEIEE[88] & sk 72, K, 16SrRNA LS| 7 — X X — X ThH % silva-138-99-
515-806-nb.classifier[89, 901iC tf L THRFMM A EML, WL MBI L 2. Bonrk
IFNETNDRMBTNOEEM LR T 272010, FNZFNONTHK S N7 EE T 5
(OTU & % \» 13 ASVs &I iEN %) DL KRN % 31l 3~ % 72 % Shannon f5#[91] %
N BONSEEMRNTT — 41X, 7vw 77 X% Unassigned 7 & ORI % HlER
L72%, M, #, H, B, B, XU0EL AL THELZ. BLEL L D EEMRNT
FEAGERAKE C, HAzEIC WD b, MBI Rk, REER #A
MEHEcT LTI L .
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F4-2 HHT 74 ~—F X Index fit¥—&

1stPCR7 7 4 ¥ —: T IREBH357F 5 L '806R 7 7 A4 ¥ — 2%
A AN i R e
5’-ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNGTGC
CAGCMG CCGCGGTAA-3’
cYN=RB T T A < —
5’-GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNGGAC
TACHVG GGTWTCTAAT-3’

2nd PCR7 5 4 7 — (indexB2F DA S HE IZUTOEIZTT)
A Al N i el
5'-AATGATACGGCGACCACCGAGATCTACAC | index
ACAATATTTCCCTACACGACGCTCTTCCGATCT-3'

s YNR=RFF,=—
5'-CAAGCAGAAGACGGCATACGAGAT | index
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT-3’

Index 1 T501 T502 T503 T504
Index 2 SRR A TATAGCCT ATAGAGGC CCTATCCT | GGCTCTGA
T713 TCCCCTTA #1 #11 #21 #31
T714 CTAGTACG #2 #12 #22 #32
T715 TTCTGCCT #3 #13 #23 #33
T716 GCTCAGGA #4 #14 #24 #34
T717 AGGAGTCC #5 #15 #25 #35
T718 CATGCCTA #6 #16 #26 #36
T719 GTAGAGAG #7 #17 #27 #37
T720 CCTCTCTG #8 #18 #28 #38
T721 AGCGTATC #9 #19 #29 #39
T722 CAGCCTCG #10 #20 #30 #40

43. % B
MiSeq I X 2 AT CIR O —FE, ZLCEx bk ~—Y L, FATRL
PRERRBICH WY — FEICOWTDOFE LD EEK4-3ICRT,
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x4-3 TvFVavEmTRonG3Y — V&

sample-id [input filtered percentage of denoised merged percentage of non- percentage of input non-
input passed filter input merged chimeric chimeric
A2 142579 107616 75.48 105726 102076 71.59 44198 31
A3 204687 154253 75.36 151391 145144 70.91 60905 29.76
A10 159519 123547 77.45 122229 118442 74.25 46776 29.32
All 180970 137040 75.73 135733 132655 73.3 65700 36.3
Al7 148780 109017 73.27 107829 106441 71.54 63753 42.85
Al8 136708 98592 72.12 97179 95877 70.13 58564 42.84
A19 167984 127920 76.15 125994 122750 73.07 61904 36.85
A21 165283 122805 74.3 120627 116245 70.33 58071 35.13
A22 156095 113954 73.00 111730 107413 68.81 54424 34.87
A23 129389 95028 73.44 92976 88379 68.3 42422 32.719
A29 193146 142642 73.85 138999 130286 67.45 58606 30.34
A30 94481 60306 63.83 59118 57455 60.81 27863 29.49
A31 155743 117828 75.66 115496 109259 70.15 55217 35.45
A35 145250 105343 72.53 101835 94967 65.38 48226 33.2
A36 114005 76679 67.26 74001 68041 59.68 37528 32.92
A37 161983 117217 72.36 113434 104877 64.75 53344 32.93
A39 154027 113637 73.78 110783 103683 67.31 50634 32.87
A40 152691 111126 72.78 107699 100028 65.51 51473 33.11
B2 186851 139602 74.71 137618 134259 71.85 65865 35.25
B3 179588 134762 75.04 131742 126137 70.24 65697 36.58
B10 167066 126590 75.77 124010 119124 71.3 59437 35.58
B11l 166587 122786 73.71 120520 116121 69.71 55191 33.13
B14 194985 144869 74.30 142692 139310 71.45 77144 39.56
B15 183572 134015 73.00 131756 127293 69.34 67080 36.54
B16 196700 148894 75.70 146297 141901 72.14 86500 43.98
B18 105726 77290 73.10 76028 74522 70.49 38189 36.12
B19 166434 124012 74.51 122346 119748 71.95 57417 34.5
B20 177639 131415 73.98 129808 126727 71.34 51190 28.82
B22 186375 138698 74.42 136888 132189 70.93 77896 41.8
B23 89879 68206 75.89 66528 63041 70.14 35368 39.35
B24 169187 130859 71.35 128469 123368 72.92 70256 41.53
B26 163135 121414 74.43 118200 111959 68.63 60728 37.23
B27 185103 136872 73.94 133991 127652 68.96 63934 34.54
B28 158196 117440 74.24 115855 112345 71.02 50399 31.86
B34 164511 124374 75.60 122249 117241 71.27 62062 37.73
B35 145792 108759 74.60 105428 99315 68.12 51827 35.55

it A 2> B 50 D BE A HL 7% B e AT 1 s 7z

13 v 7rico& 10 V- FoESZHIBEL Yy -7 v X 2EfwL, 0%V

TATEN RS Y - PRGOS .

REB DI nws vy T d B ot

4-1).

EF v LEE A, BEERICITY —

a BRI OMEE, Mldh-Eokes %%
A L 721880 H» % Shannon FEIZEE 1112 TF I b —CEL -2 b, V—F
BORED 1112 L Eo )V —F 2w c e ic@ERwZ EpfER I (X
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Rarefaction 7 — 7 % 10000 T L 7.
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Xl 4-1 OUT o Al

WX 23D 10000 £ TH A ICHNT

Z{EETH o 7228 (LB, Shannon f§8( T 1000 RECTc—E ¢ o7 (TE) .

D=0,

% Z T,

1000 A FOFEEZFE o727 — 2 TCoOFlicRER W

INLDT =20 bREROREDENZHEL 7.

LR E NI,

X RS & PRE L

BETERBEAT —VOLNREEZRL A TZOHEZUTO X 1T E & DHIE
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Lt BRI AIEEOLMICECHRED b (X 4-2). FHHEE2HERS
Z2Rlomch AR, RBEYLE L CRBBRL2ELETIEHZZED
Clostridiaceae, Lachnospiracea, Ruminococcaceae ¥ X U Erysipelotrichaceae %
EIRUBBELR & L. FKRICIHLBELERK & L T Enterococcaceae,
Lactobacillaceae X 8 Streptococcaceae % #1K L 7. MBEEAER X, NIRES TIX
BEFLATER T 15.3% 2> D 43.8%ICZfL L, MERICH X OEI G2 2.8 fFICHML 2. —
77, THRIFE R BRG C I BEFLAT 2 T 28.6% 2 © 23.7% L 21T —E D& 7 L 72 (K 4-3).

FLEEEE AR X, NIRESG CREEICHE Y, Z0F &2 41.8% 05 27.4% & EAD L
7z =, TRIFAERECIIBERLATRT 40.0%2 5 49.8% RN L 72 (X 4-3). X
RES, THRRERSG L I, WAMOILBE LR HARITH 40%% 5D Tz 23,
AR, T3 % W, Lactobacillaceae 7% 23%, Streptococcaceael7% T dH o 7= DT
L, TRIFEERYS CIRIABELR HERDIZIT T X TH Lactobacillaceae T H - 7=
(K 4-2).

FLWE % FIFH L CH&EE % PEZE 3 % Fubacterium J& & Megasphaera Jg (FLEEF] FH 14 %
MeE R W) 1, IR OMAK TIX 0.7%TH o 7z o ik L, THRIFEE R o miFLK
TiX 0.06%&, MMEHZTHERD 14 fFEmro72. LAL, BAROHFHRIKTIE,
SRS T 0.6% & 13— EDQEER Lz ICH L, THRIFEAERE CIE 3.4% & FLEEF
FA P BE 8 2 AR R D BHEE R N3 o b v (K 4-3).

LT VIR T H 5 Akkermansiaceae (X, WYL b ICHALK ClIME X 7z,
HEERRD N o7, X OEHERIINERE TN 1%, MHEERE TR
01%T 10f50E AR bz (K4-4)., T, WEEL DAL ERKTIZ
Bk o7z,

FREAT—VORELNRES L THREERS CHRL CAEEPRED LN
BEHAKIC O W T 45, BAIKICOW T 46 KR L7, fHAEL %LU EoF
HFHT %L, WK I IEEY © Streptococcaceae B EEICEH Tno 7z, —F, T
W4 B Y Cl3 Lactobacillaceae , Oscillospiraceae, Erysipelothrichaceae ¥ X O
Christensenellaceae B HEICEm K 7n o 7=,

B K K T ik xt W B ¥ T Clostridiaceae , Erysipelotrichaceae |,
Peptostreptococcaceae, Anaerovoracaceae ¥ X 8 Clostridia UCG-014 236 & I 5

e b, THIFAEY ClX Lactobacillaceae D S AR BEHEICE L Kt o7z,
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THRIREES

Pirellulaceae ' **
Butyricicoccaceae ! **
Unclassified ' *
Unclassified | ke
Unclassified | **

Christensenellaceae == **
Erysipelotrichaceae F=— **
Oscillospiraceae =——y=— *x*

Lactobacillaceae
0 10 20 30 40 50

BHEAEE (%)

POl
Eubacteriaceae 4 %%
Micrococcaceae & **
Streptococcaceae &
0 5 10 15 20 25

BHEAE (%)

m TRIXERS

m i EBES

60

m THRIRERY
** axnmEsy

30

4-5 THIFRERG LNBREE CHEESAD O ME R o X & (FFLK)

¥ (35 %KHE, *x %31 KECTHFEErRDDL I LEZRT
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THRIRERS

Bifidobacteriaceae ' ¥ e
Selenomonadaceae - * B THRIRERS
Lactobacillaceae —— I CBSE 2
0 20 40 60 80

BHEAE (%)

POEY—322

Unclassified | *
Saccharimonadaceae § **
Clostridia_UCG-014 [y ** » TR IS
Anaerovoracaceae |[lmmm— %% o g 18
[ BOgsy=—3=
Peptostreptococcaceae |dmmm—  * %

Erysipelotrichaceae |iiimbe— * %
Clostridiaceae | ———t— | %

0 5 10 15 20 25
HaAFE (%)

Xl 4-6 THIFEELG ENBEEG CHEEZ RO ON-MER OMHENE (FHEK)
¥ (35 %KHE, *x %31 WKECTHFEENLDDL I LEZRT

4.4. & =

MEFLHNIC T A% T 2 B (THIFRARYS) CREORERIVRVEY IR
%) <, WK, #HIAK, BEEKDO 3 OORBERAT -V OENEEMRITEEML, %
DENVITOWTHETL 7.

WS L, MEFLATR CILBELE 2 LA % N 2 E#0 O BEIEE AW A B4 %
O LRENLZ L2, WIAKOREFIIIRELERPLEED 42% %, BEIEE &R
X 16% % (59, FLBELHO T BERATH o 72208, WIEO S AP EEERRE O KR

39



T, THRIFEAERG & L CHRRIRE 3 EICE < (P<0.01), BEERIRE XA EICH
C(P<0.0D72 o7, ¥7vmet vERRED GWEEZR L 7. 5BEN O HEEB
DEARF L L CEYFOHIHAELREEBA O L Tw b2, BE LR OMMIED S5
WwIndrFrydbNAEORBEERL L CHHIATEY, BENOHBEIEN®RE %
m® 5. ZOFHIZEEEO BYIMME LA ) THEIC T O RVRN T, FFICEREEE &
Brmo 5[92]. HEWNTEL S N EHEAGNTEE (TR LR 2 5 @ 2 Ic I E #,
Rz AL F—L LTHHETN[93], HMMllE2oD LT v RET 2 & v ) fEER
DAEHE L T B & FZ b T 5[80, 94, 95].

WIREL CIRATEOHEL OMIAIKICE T 2 SAFER D L F VIBER TR LR
Gl caEicm < (P<0.05), XABEMITOME, oF v IRETH D
Akkermansiaceae H3#) 1%{E1E L C\» 7=, Akkermansiaceae DH1ER X LT VIRE
CIEDOMHBERH 5 2 L Ao [96], NRESOMILIK Tl Akkermansiaceae 738 & IC
FEEL Tk EFEZbND, Akkermansiaceae \x L5 v B 7 F ICBES 2 —H D
BREMATHI[24,97], ThOEHERDOIH, N-TEF LI/ LadI=x—+F,
L-7avX—%, #77 o X—¥idLF v B ELFEFT CHETORBLFE X
nz[25]. £72, L5 vHEHZMK T 2 GleNAc 3%, 7 a—RF 7wt vk
RRFRIVICHEME S5 L AHS IR o T 2[98]. ARFRERIC 35\ Tt B S5 o I
K TIIGE ICER LTz Akkermansiaceae | X > T L F v HEEHAS R & 4, B &
NTWERILE &), MBELERSY 7 vt VIBERRE A2 FFORIC X > THERNIC
LGNNI S AE AR T LA 2R, BRFRIREE, v e A VIRIREA S E o2 L E X b LT,
I Z o B R L AU A I PR ES BR 2E A TR 0 AT R D TIIFEAE RS L L T 14 £
FC, AMEEARICEVELARSE N O ORIC X > TEML I IR~ S N7z
LT, SAMETOIBRREOMKT & BERREOEMICEDL > 2 lREMHERDH 5.

BRKCTIETHAEEARG KL CBEELER 2% &8 Clostridiaceae,
Erysipelotrichaceae D HEREVPARBICE  WEeh e L THBEBRELFR O SAEIH
Fo/, TNERSAMBHOREE, BE, oA vBOREXSTHAEERS LISV
iz /RN L -MEORE L —8F 2. BENOEBEIENRRREZSESE 2 2 LT, il
a2 oD LF virhREL, SAELF VIREXS TRABERSG LHEL THEEICS
kot FEz2bhT.

—77, PTHRERERGTEIMAK»OFRKE C—H L CARELRFD? L2 50 5
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R CTH Y, HEFLATER CIARMELRE O LA XD 40.0% 25 49.8% LHML 72, —77,
MR PEAH OWIMIZEE D b d o7, PRAELERG CRATETIXTOHEFRAT —
VIEBWTHREEOSE )V AR INTE Y, RSB 2. FLBE IR %
WCHRGE LR OWRIGEE 2 EL, 7 pRa K720 BEN O pH ##F L <
KT XE¢5[99]. 2D X9 4fk pH BIE T Cld% < Ol H 2388 5E 2 #1622 o xf
L, AAEELAFH K pHMMEZ R T 720, Wozx 5E3HAICh Y, AMEELREI N
R S
SLICHABEEAFROEEZA 2L, I RXRTCTORBFAT -V 2@ L CREY T
Streptococcaceae b Lactobacillaceae 75 1:1 % L £ I% Streptococcaceae D J7 H> 5 5
THoleDITx L, MRIFEAERY CIIFLIRE LR O K& 2 Lactobacillaceae T -
7=.  Lactobacillaceae ® 1% pH Tif 14 13 Streptococcaceae X Y % /5 &, Lactobacillus
acidophilus TIIANEEREE pH3.5 & CTH{JEAFIEETH % D ICHT L, Streptococei 13
pH4.5 TG E 5 2 LA b T 5[100]. THIFEAERES T O EEHR
HEATIHEN pH RS & L XTIK L % W, Lactobacillaceae EEA I In o 7z &
HgInz, BENPpHOIKTIZLF vouftzs i Z 3. Hansson & iC X b R
AR Muc2 & F v % Wiz invitroiABEIC 5T, Muc2 4 F v % pH6 LA T D&M
AV Fa~x—L Lk, FEICEKTFL CERRNWICOMBINS ZexMEINTN D
[101]. % 7 Tsukahara 5127 v FiC 10% 7 7 7 F A4 Y THEfAR 2 7 HREEIRE ¢ 5
CEEERO LT VEPHEA L ERELTWS[102]. 777 A ) THEO L
GEAAEEOHD THAEH ZEBINT 2 LML a7 BEoEH L NEY pH ©
BT, AMELEFEOMIESE Z 5[103, 104]. BEHNOK pH NEY O MR L4 F v &
DR 2 72 L HEE T T 5 [104]. AR OB R A3 TRIFEA RIS O KO I E N Te
ZoTWLWRAEEDZFZ LN, HAKCEOWTCLABETOIMELEIPAEICH VL
(P<0.01) T &2, LFvfRznlERe L, BEOWHN ) TOKTE2HE, 2
DX RRECHEAZWZ S Z & CHEFLIN DO THAEDFEAEICED - B2 H 5.
THFEE R CILHEFLR D Lactobacillaceae 7 F iz i ® 2 W& TH 0, AMRIRIE
bAHEICE W (P<0.01) REETH o 7228, K pH BREGICHEIG U 7= FLER A M I 1% 72 2E
FHABEFLATR T 0.06%2> 5 3.4%ICHINL, EML M2 ENL CHERAEL S L
% Metabolic cross-feeding 23z L T\ 3 & & x b7z,
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PLEX Y, TRFEARS e RS cWIIK, AR, BRKO 3 D0HEFERT —
VoBNEE, ARRIERE, L5 VvIREEZHERL KR, NRES T, WALKICE
W, BBEICERE L T: Akkermansiaceae 75 I F v 53R CHESE & BE4G L, BEKEEPEEH
I X o TR & v, 2030 I JE SR I I 2 A 8 A 72 A5 SR, MR 2> & o 0 F v Sy idb
AEHE L, XV —J8 Akkermansiaceae MM B &\ I IERMHL T B L E
biviz. L7=wo T, WFIIC A muciniphila ZIRE L, &5 v MM L 725 8# 5
WEEZRT CLPBEORERKBICORLY, BEOYENANY THEE - 2K
RECHEFLZ M Z 2 2 & 3 EEFLIK D THIE ¥ B & 72 2 AlREME S B 5 .

KHEFLEA O THIGE B & L CHHFLI O I8 WIC A. muciniphila EE T 5 7291
&, BIIKOEMSEE L 2 5. WA FKOENMER D% < 23 ARl L 28R
B (BRoBESCKE, BE, #7) CHRLAEFEICX > TEREn2[105]. BN~
DI OEFITERVIH» ST Y, ERIERD KD R # (3 5L bk ol i <K
INB A, RAICHELL, 35 HilE CICRHKD 3 A b Skl B 1< B % b 2 [105].
RBHEEROBENMFIIMOEHFFEORKE LV b FOBENCTRMELDH Y, AREER
G L TW 3 2RI NTEY[106], BIKD & F K~ D 5 Nl B 2 O (3% 12 7P
TRV,

72, KBECRIGE L F v ICEH L T A muciniphila DHERE# RS L 7228, AT
FLFVHHEBAICEINE I A4 ) THEOBENEUL TV I b, LAF
VEESHICHER T 2 ME DL B I F ) IHEONRICL b B T RSN T
W %[107,108]. %72, RFELHIC A muciniphila BSTEAE L[109], S A2 A ) T HE% 5y
fR L, WIHT 2 2 L AR S LT 5[110, 111]. 5%, BKO 5 A F 2 7L O B # i
Bz, T+ IfICER L7 A muciniphila DBEEER BEH L 72w, 2 LT
FLKIGE ~D A. muciniphila &% Hi5 L, FIKDON T A. muciniphila % 50 &
EBTVLAAFT 4 7 AEM O 2 &, A muciniphila O BEEE % I6H L 72 HE 72 15
BOK Y 2l e L720t5ess, KEEFLI o PRE TP L PUEAIEH Bl ICHE S 3 5 &
ExD.
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45 /8 1F

TR A R & N R S LK, BEFLIK, BHUKD 3 oD HFE X T — VIt d 5K
DGR E % i L 72 #6558, WALKIC 310 2 BEEFE AW, AMELEFEOH A ICE I
o 7o B3, WHEY C Akkermansiaceae ¥ X UWFLIEFIHPERS L EE LR © B E 2385
WA 2R L 7z, EEFL 2 R BRI N IRES RREAFE O S AXKIEE Y, &
AET DIEHEHIENRIEE S L L F VIRESEREICE S oz icnt L, THIFEAR
GCEIBELFHO SAEFIEML, ARREIAAREICES 2ok, NKEE T,
HFEKIC B W T, BEICERE L Akkermansiaceae 75 1 v 73 fif THESH % 45 L,
EEEERE AR A 2 o Z MM L <, R IR SENE N R R o8 A 2 /G 5L, MRl 22 &
DLF v w»MEtE L, XY —JE Akkermansiaceae H¥EIE T 5 L\ 5 fEB A3 kAT L
CWBEELLRE. Lo, WILMIC A muciniphila % RE L, &5 v %Hlf
L7z HEM R EE L 2 RS C e mEDRERRETICENR Y, BEOWEN Y T2
EE o RECHEFLZ W R 5 & AHEFLIKD THRIIETFG & 72 2 AlREMEDS & 5.
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BLEE KO

TFHAIZ BV OEELFY, REGERERGORE L EREELHRT 55 2 THE
BREAMTHY, EEECEFCTR2ERVLDTH 5. 2019 £ HAO P H I 5E &
DL, BN IN2BYHERS EFEEAIMZGDE 5 L 2D 60%% L,
ANEFA DK 2 5D PLEA BB IC i & T 5. FUEF O I 13585 i E 288
Rz )Rz, EANMMEER L FIEAGHRECIMEBES R I TwS, HEE
TOPHEA% M IZRE RPN CEAMER O NI 2 L, BERICE T 2 TR O A5
WEET I 2720 Thl, SEMPREEZNL TCANBEL, NOHFREANGKEZ H
HicT 2V A7 BRINTDE., HEBRGICHST 2 EAMERO LB % BT 54
Wb b, 2T, MaPLCHES>» I NI rE 3 7 OEAMMEICE T 2
HRICOVWCTHEEFEML 7.

RN CIRAE L 2 F DY v A TRERED 2> 5 78l S e ¥ v A T O A
BT 2R EFAEL 2. BRI Salmonella enterica IMEM 4 :i:- TH Y, H
HRRMIRA -7 7 &~ —¥HBIET blactxmss & Retufk LICIRE T2 2 & A ER
AN, 277 AR Y VERAEAIZAERICEWTEHIATW 3HIEA DO —>T
HY,FHICE 3 4R 770 2K VIR ALES TIEDO FE AR CTD 3.
ZNOLRMEZRT Y LVELATBREP LTI N 20, BREE L, FFERD
EEXLOQLELH L L EZLNT,

T 51T 2006~2006 FICHEH IR D L FHICMA I L @EKICBEBNT, yrES T
DIREFAES KOOI VEX THERGICN T 280 2 FEM L, 5 HEE o Mg,
AN 2 i L 2, BREC I LA 780 Nz 5 B DS b 4 BE T,
REFE & F UM ER o S Typhimurium 23/ 040 B & 1, BEHNoEEL, K~
R B R I Lz, X 51 OTC 2 &L A M S, Typhimurium 0, #7z
iIC OTC HAIM M S. Typhimurium IR CHHE S h, BIGcOEAMBHIC XY
i DRRGEIR X Wz afEME SRR & v 7z,

WAE, EAMERNEE L, SEQEERGICE T 2 EEFH - BEHIC XV IIH
FloMAKSZEIRT 2 ek b Tw b, TE, ARLKEO[FEHEECIZEN
HE2AES D> TV ERHLPIC R TER, 20T, BEOMREICED 2
B & U< Akkermansia muciniphila 227 EFH I W TH D, AL~V A THENEA
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TW3 =T, KRBT 3HERHAS I N TRy, FIHABEHRE?SRD % VIK
I\ T A muciniphila DFEREZER L 72EK T M, & 0 b EKBEE cHELS W
THEE TR ICHY o e BHFEAMEHEZHM S 2 LcEHEETH S, 22T, Kic
BB THIEFREICEL 72, A muciniphila D EREYE DA ICH Y fHA 72,
MEFLIRIC T AL T 2B (THIRARY) LREXVPZVEE (WRES) o
WP, A, BD 3 2DOHEBEARAT — Y D5XAEFR D A muciniphila B K, A3
W, LFVIRERHERL 2. TNFEAERE CIRIWILIKT A muciniphila D
63.6%C, A. muciniphila #fREH L TR WEERLPFEEL, T XTOHRBEAT —Y T
LFVIREPAEICKS, AMRE S WEmZ R L2, —77, MRS, #Ai
L72WFLIH O 5 X T 7D b A muciniphila B S, THRFEERYG LKL T
WK COBEEL L L F VIBERSEEICE» > 2. =7 ATt A muciniphila i< X
D LT VEEDPTUET 2 EHHLP Lo TWER, RfEICEWTKTD FKD
ERBATR® I N, T BREKCEITRTCOEHEEBEREESSVEHAZRL, 4
FVBEDERICE o, 20X ICAEKT D RVIHA ORI O IGE O Ik EE
R bPAHOLN L RoT, T 60, MRS ThHWNMESE 2 BT, ikl z& 2 5,
THRIARERG CEIWAKL OBRKIC» T B L CABELH LB AHETH
D, MBELEAEOHEXROHEMIRAOON Ao, T, WAKICE T 2
Akkermansiaceae ® i H 13/ 0.1% THh o7z, HBEOIMEE IBGE LR 2 HIEL
AP TR ZG 2T bic, pH DIEFICX Y 25 v OIERENSEIE L,
BE OV N) 72K T X2 HZRICH 25, THRIFEERS CIIWILKDL & &MY
THE X CERETHZELPTWENERRICH D L FEZ2 bR, AL THRES T
ZEEFLAT R CHAMEL R BB W E> O, MBREEARPEM ZRE~ L 2L 7.
X D ICHFALIKIC 3 C Akkermansiaceae D i HE D 1% ThH Y, THIFRAERL LI
KL Cmwims@o onk, RS TR, WAKCs-T, BECESEL %
Akkermansiaceae * L F v pfR CHESH 2 itAG L, BAEREEF A Zh o 2HA L, 2=
W R BHNE N R 2 A2 D3 A 2 A R, Ml 2o o o F v Wb @EL, XY —/F
Akkermansiaceae 3 5 L WOEREIMEL L T b EE X b Lo T,
WiFLEA I A. muciniphila ZRE L, 2 F v 2 FH L 2EHEERBEELE 2R T &0
GEOREEZFEBICOLRNEY, BEOYWEHN AN THEE o RECHFLZEZ 5 Z
EDHEFLIK D THIGE TP & 72 2 vREME DS & 5 & ffidm & v 7z, WKEEFLI © T HIRE X 5K &
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LCRERDFIRNICE S % Y CAPmA oA cid <, IBNME A muciniphila O #
BERICHL, HEoBEOMEICE Y M &2, BREREGICH T 2 HEAMEHE
Bl icH 592 &2 5.

St%, WFELKIC B 3 A muciniphila DER L HEIEICBED 2 ER & LT, BRKDWE
NHlEE E IS4 ) IHICEB L7z A muciniphila D ¥EREFREBR TN 2, BEIK D 5
T A. muciniphila # M E % 3 7L N4 X7 4 7 AFM oW &, KB o T
KETBS & LT A muciniphila DGR % R X 720,
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FO6E ZE KN
Drug resistance in livestock and study on the utilization of intestinal bacteria in

pigs for the reduction of antimicrobial agents.

1. Introduction

Antimicrobial agents are important for protecting animal health and the stable
production of livestock products and are indispensable in the livestock industry.
In 2019, the veterinary drugs and feed additives used together for animals
accounted for 60% of all antimicrobial agent sales in Japan [7], which was
approximately twice the amount used for human consumption. Among these, the
use of tetracycline in pigs is extremely high, and its overuse is considered
problematic. The use of antimicrobial agents carries the risk of selection for drug-
resistant organisms, and a correlation has been demonstrated between the rate of
drug resistance and the amount of antimicrobial agents used [6]. The high use of
antimicrobial agents in the livestock industry not only encourages the emergence
of drug-resistant bacteria in livestock and reduces the effectiveness of
antimicrobial agents in veterinary medicine but also poses the risk of spreading to
humans via livestock products and the environment, making antimicrobial
treatment in human medicine more difficult [9,10]. Therefore, it is necessary to
monitor the emergence of drug-resistant bacteria during livestock production.
Therefore, I conducted a survey on the characteristics of drug resistance in
Salmonella isolates from sick and healthy livestock.

In addition, there is a need to reduce the use of antimicrobial agents through
infection prevention and control at livestock production sites as a measure against
drug-resistant bacteria. In recent years, it has become clear that intestinal
bacteria maintain human and livestock health [15-19]. Among these, Akkermansia
muciniphila has attracted attention as a bacterium that is involved in intestinal
tract health [30,31]. A. muciniphilais a gram-negative, anaerobic bacterium found
in the mucus layer near the intestinal epithelial cells that degrades mucin, the

main component of mucus. Short-chain fatty acids (acetic and propionic acids)
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produced during mucin metabolism have been shown to provide an energy source
for the intestinal epithelial cells, increase goblet cell density, enhance mucin
production, and thicken the intestinal mucus layer [25,26]. The intestinal mucus
layer is a nonspecific barrier that covers the intestinal epithelium and provides a
habitat for intestinal bacteria, which are thought to play an important role in
maintaining intestinal homeostasis [27]. Therefore, to reduce the use of
antimicrobial agents, I used A. muciniphila to prevent diarrhea during the

weaning period in pigs.

2. Drug resistance verification of Salmonella from livestock
(1) Characterization of the bacteria causing bovine salmonellosis

We investigated the characteristics of drug resistance in Salmonella isolated
from bovine salmonellosis on dairy farms in Shizuoka prefecture, Japan. The
isolate was Salmonella enterica serotype 4 1 -, a multidrug-resistant strain that
was resistant to ampicillin (ABPC) and cefazolin (CEZ), as well as the third and
fourth generation cephem antibiotics cefotaxime (CTX), cefepime (CFPM),
cefpirome (CPR), chloramphenicol (CP), tetracycline (TC), and gentamicin (GM) .
In addition, the extended-spectrum f -Lactamase gene blacrx-M-55 was carried on
the chromosome. Cephem antibiotics are among the most widely used
antimicrobial agents in human medicine, and third- and fourth-generation
cephems are the primary treatment for pediatric salmonellosis. Since Salmonella
resistant to these agents has been isolated from domestic animals, it was
considered necessary to pay special attention to them from the viewpoint of public

health.

(2) Characterization of Salmonella from healthy pigs

Using the cecum contents of healthy pigs delivered to slaughterhouses in Gunma
prefecture from 2005 to 2006, we conducted a survey of Salmonella carriage and a
follow-up survey of Sal/monella-positive farms and compared the serotypes and

drug resistance of isolates. Sa/monella was detected in 16 of the 48 farms (33.3%)
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and 31 of the 471 pigs (6.6%), indicating that pig farms are widely infected with
Salmonella. Salmonella Typhimurium resistant to five (ABPC, CP,
dihydrostreptomycin (DSM), oxytetracycline (OTC), and sulfadimethoxine (SDMX)
or six (ABPC, CP, DSM, OTC, SDMX, and Nalidixic Acid) drugs was detected in 14
of the 16 farms where Salmonella was detected. In four of the five farms where
Salmonella was isolated in the follow-up survey, S. Typhimurium was again
isolated in the same resistant form as in the surveillance, suggesting that S.
Typhimurium is endemic to the farms and causes persistent infection in pigs. In
addition to multidrug-resistant S. Typhimurium and new OTC monodrug-resistant
S. Typhimurium were isolated from several farms, suggesting that specific strains

may have been selected for on-farm drug use.

3. Study on diarrhea in pigs during the weaning period

Fresh feces were collected from suckling pigs (10—20 days old, n = 11), weaned
pigs (28-35 days old, n = 6), and growing pigs (42—-60 days old, n = 6) at three
developmental stages on farm with and without diarrhea after weaning. The
detection rates of A. muciniphila, organic acid concentrations, and mucin
concentrations in feces were compared.

The results showed that the detection rate of A. muciniphila in suckling pigs was
63.6% in diarrheal farm, whereas some pigs did not have A. muciniphila, and all
developmental stages showed significantly lower mucin concentrations and higher
lactic acid concentrations.

In contrast, A. muciniphila was detected in all suckling pigs from the control
farm, and the butyrate and mucin concentrations in the suckling pigs were
significantly higher. It has been shown that mucin production is enhanced by A.
muciniphila in mice [25], and similar effects were suggested in pigs. All short-
chain fatty acid concentrations tended to be higher in growing pigs, and mucin
concentrations were significantly higher. These results suggest that the condition
of the intestinal tract of suckling pigs of diarrheal farm differs from that of control

pigs in the early postnatal period and that the presence of A. muciniphila in
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suckling pigs may be a factor that prevents diarrhea in weaning pigs. In contrast,
A. muciniphila produces acetic and propionic acids, but not butyric acid, during
mucin degradation [24]. The reason for the higher butyric acid levels in control
pigs is unknown. Further studies are needed to investigate the interaction between
A. muciniphila and other enterobacteria and the differences in the occupancy of

A. muciniphila in the total flora between diarrheal and control farm.

4. Study on prevention of diarrhea in weaning pigs

Based on the results of the previous section, I compared the intestinal microbiota
of diarrhea and control farm at various developmental stages by amplicon analysis
of the V3-V4 regions of the 16S rRNA gene using MiSeq, a next-generation DNA
sequencer to clarify the characteristics of the microbiota in the two farms and
differences in growth-related changes in the microbiota. The results showed that
lactic acid-producing bacteria consistently dominated the flora from suckling to
growing pigs in farm with diarrhea, and there was no increase in the occupancy of
butyrate-producing bacteria. The abundance of Akkermansiaceae in suckling pigs
was approximately 0.1%. Lactic acid accumulation in the intestinal tract irritates
the intestinal epithelium and causes physiological diarrhea [83], whereas a
decrease in pH results in non-enzymatic degradation of mucin [101], which lowers
the physical barrier of the intestinal tract. Diarrheal farm have an intestinal
environment that is prone to physiological and infectious diarrhea in suckling pigs.

In contrast, in the control farms, the flora changed from a predominance of lactic
acid-producing bacteria to a predominance of butyrate-producing bacteria before
and after weaning. In addition, Akkermansiaceae accounted for approximately 1%
of the total suckling pigs, which was higher than that in diarrheal farm.
Akkermansiaceae possess a series of enzymes related to the degradation of mucin
glycans [24,97]. In the control farm, Akkermansiaceae, which settled in the
intestinal tract of suckling pigs, degraded mucin and provided sugar chains, which
were utilized by butyrate-producing bacteria to efficiently produce short-chain

fatty acids, resulting in enhanced mucin secretion and further growth of
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Akkermansiaceae, suggesting that the cycle continued. Therefore, it was concluded
that the retention of A. muciniphila during the suckling period and the promotion
of short-chain fatty acid production using mucin may lead to healthy development
of the intestinal tract and that physical barrier of the intestinal tract may prevent
diarrhea in weaning pigs. The intestinal flora of suckling piglets is formed by the
flora derived from the environment (sow's vagina, skin, intestinal tract, and milk)
that comes into contact with during the early postnatal period [105]. Transmission
of flora from sows to piglets is a means of preventing weaning diarrhea. We believe
that the application of the function of the intestinal bacterium A. muciniphila to
the normalization of the host intestinal tract will contribute to a reduction in

antimicrobial use in swine production.
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