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Monitoring Results of Antimicrobial Resistance of Enterococci Isolated from Animal Feed
(in the Fiscal Year 2023)

ARAI Eiko*!, OKUYAMA Noriko*!, KUBOTA Eri*?, INOUE Kaho*! and HASHIMOTO Yoshiyasu*!
(*'Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC),
*2Fertilizer and Feed Inspection Department, FAMIC (Now Yokohama Office, FAMIC))

We have made an antimicrobial susceptibility test on enterococci isolated from soybean meal, fish
meal, poultry by-product meal, swine and poultry by-product meal, and formula feed.

In order to isolate the enterococci from samples, their selective enrichment culture in AC broth,
selective culture on Enterococcosel Agar, and two-time pure isolations on Brain Heart Infusion Agar
were conducted in due order. Then isolated gram-positive cocci were detected by the cultivation
in Heart Infusion broth with 6.5 % NaCl. Having confirmed the physiological characteristics,
enterococci were identified with PCR and Rapid ID 32 STREP API. The minimum inhibitory
concentration (MIC) was subsequently measured using the broth micro-dilution method according
to the guidelines of the Clinical and Laboratory Standards Institute (CLSI).

Enterococci isolated from feed ingredients and formula feed were 28 Enterococcus faecalis, 20 E.
faecium, and 45 other species. The antimicrobial resistance rates were 0.0 % to 22.2 % for E.
faecalis, 0.0 % to 84.6 % for E. faecium, and 0.0 % to 53.1 % for other species.

Key words: antimicrobial resistance; soybean meal; fish meal; poultry by-product meal; swine and
poultry by-product meal; formula feed; Enterococcus faecalis; Enterococcus faecium;
minimum inhibitory concentration (MIC)
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FAREMRE (WHO) ofeTTiX, [#EHHFIm (Antimicrobial Resistance, AMR) (2R3 2 7 o —
e T vary s Ty BEIRENTE D, ThEZITT 2016 F 4 AIZHARBUFE THEAm %
(AMR) {57 27> avr7o7v) ZAKL, v, 8, &%, REICET 2 EEmHIEMEICS
VT, 2016 END 2020 R E CTHREFEMIM E L TaBEWAICER (Do~ 27 T e—F) %
HTE D YREGEHEITH R v F 7 A L ZRGYE F AED B L DER 2T 2022 FITHH
ERZ, HIRT 7 a7 T ~OBHED 2023 4E S D SAEMABIF E LTH#ED N TND 9,

WFEKE  (Enterococcus) 1%, t FOEMEBLL TIXER,» SHEEMEME BRI REERE E L TE 2
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HILTETZ. L, 1980 FFRUREIC B AL & &4 [E T E. faecalis e OV E. faecium O 2 # it B 73
JRPENIEGE D FEH 72BN & 72 o 72 9. ENOBEETIE 1999 455 Fhi S 40T 5 B k3
HfE R € =4 Y > 2 (Japanese Veterinary Antimicrobial Resistance Monitoring System, JVARM) D f
BT, b, WEOE (LT TEHE Lo, ) OENEYD b FEAEREREE 23 @ O BEEE TR
HEhTnd 99 HEWIC AT 5 IRAIMMERGERE XS EY %2 7 L CR M MRRYYE 2 5] X
BT RREMER H Y, HEW L BB & OFEFMMEDOBI#EICOWTIHENED LTS 19,
— 5, BPEFCIXESMC I 1T D R O SERIM R EREE 0 AR D9 R OVE BN & o SER it o B
HINZOWTOWMEILH 575, ENORGUZET 21FWITFS TR,

AT T, EWNEEO SRR OB A EEF 2 O IGERE & 0B U, BLIE O KA D 3208 2 1
BETLILEEZHMNE LIz, 2018 4F M 5 2020 G DOFHA D&\ THZERE O 77 BER 23 FLRHY &
Dol b DR OEEEDREWIBEKE OSBER & 72 o7z b D2, fBHREE L TREMDT,
af, FXUOI—AKWERHEEWE®NZ, BAafEle LTHH, MHKOEHEZ G L L, BEk
W OB 2 R AT, B LTZEERIZ O W T 7 T A0, AR Ea Pk X OVEY FRIMEIRIC K 0 FfE
FED L, HARZERREIT 7O THRETS.

2 EBRAE
21 OB
FEHT 2023 4F 4~12 A ICEN O fEHGE F 3G T\ T, kR A I EH OIS HLUE Sz
WA BRI OFBF ORI IE TR L 72, 3URHIBRBH A6 £ T 4 CTHRAF L, HHtE S @M
NICRBRICHE L=, 2o, BLAfEHZR W TIE, JEMEHZAREFI A H S Tnen b o % FRE
L7z,
22 # ¥
1) BIRITEEN D D H Ok EZ V2. KiE RFD230RA CGRIFERVEATERL) 12 kv R L 727K
K (JISK 0211 @ 5213 |[ZEF S 727K K) XiT Direct-QUV3 (Millipore #) 12 L W R L
7oK (JISK 0211 @ 5218 I EF S i@ HiA) 2 H -,
2)  AC MR IAREH

AC 7o 3 V3R (B KBEERLD) 505 ¢ LOT Vb R U v A (8 L7 A v AFneiisk
) 0.25 g Z 7KK 1000 mL [Z¥E2> L 500 mL 552812 250 mL 437 L C, 121 °C T 15 3f&E
JEZR KR LTz

3) =rrmayaeLERE (BLF TECS #REM] Lwvo. )

Enterococcosel Agar (Becton, Dickinson and Company %) 56 g X ¥ Enterococcosel Agar (Hi 5
RISK T 2M) 58 g #7887k 1000 mL (Z¥AZ L, 121 °C T 15 pMEERLKWEE L. %
60°C ETHHI LT, v v —LIC—FRITIEN D L 912 15~20mL 23 LEEE S 7. T D,
H{E L ChHZE2b NPT S5 L, 37°C T 1 BEEHE L CREME 2 i S8z,

4 Tl AN —hArT7a—Va M (LLF TBHITZERREH] ). )

Brain Heart Infusion Agar (Becton, Dickinson and Company %) 52 g % 787K 1000 mL (238>
L, 121 °C T 15 pM@EEAKBEE Lz, 2z 60 °C ETHHILZ%, ¥ —LIZT—HRITIA
DD EHIT15~20 mL 703F LEEE S 72, Z201%, 37 °C TI17ERMUEREEL, Bttoa ¥
Ix—varEER L. BHEBEEICKEA S EEIIEE L TS EDT NI L L
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37°C T 1 FEMFFE L CHE R E 2 i S8 7.
5) AERRHEK

WAL B U U AREN 0.9 wiv% & 72D XD ICABAKIZIZ TE®A L, 121 °C T 15 srfEE

AR LT
6) 77 LYK, Wit

AT E 7 MU T 70—k, BERIIY s UV UBey /) — VR, BRIy 7 7 =
R (BT HKRERR) 2 v,

7 Lo6wN%T aETy LY — )X —T )X ) — VIR

TaEI LY = AN—=T L (FEHMETER) 08g 2 =& / — /L 475mLIZIEN L, ZKRK
25mLIChnx TR L 7.

8) 6.5wWN%HALT N U T A N— A VT a— g iEIREEH (LLT 16.5 % NaCl /il HI iR &5
iy o)

Heart Infusion Broth (Becton, Dickinson and Company #) 25¢g, #{tkF+ ~F VU 7 A 60~65g, 7 K
Ukl g MOYERELE L TLOWN%T BEY LY — =T )L X ) — LRI 1 mL % 2K K
1000 mL 2N L2, ZHaRBRE (W& 10 mm) 123 mL 437 L, 121 °CT 15 MEERK
PR L7

9) Rapid ID32 STREPAPI (B4 A U =—#) (LL'F TAPI) &\ 5. )
10) InstaGene Matrix (Bio-Rad Laboratories fi)
11) PCR 77 A ~—

HRLHEEICH W2 PCR 774 ~—% Table 1 (27 L7=. JBERKEE OFMHIZIT 16S ribosomal
RNA fHIE Z BRI 2 7 7 4 ~—t& v b2 AW 2D, IGERERE OB 2L E. faecalis, E.faecium,
E. casseliflavus, E. durans, E. gallinarum X N E. hirae \Z/Fs 221972 superoxide dismutase (sodA)
A MIET 57 74 ~—ty hEHWE 2. £7 74 ~v—FMEEL AT & - A =R
WCEFELER LT, Bl SN 7 T A4 ~—I3BHiK T 100 pmol/L |Z¥EME L 7=.
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Table 1 Primers

Amplicon

Species and gene Primer Direction  Sequence (5'-3") size (bp) Positive control Reference
Genus detection
16S rRNA gene El F TCA ACC GGG GAG GGT 733 21)
E2 R ATT ACT AGC GAT TCC GG
Species identification
Multiplex PCR
E. faecalis FL1 F ACT TAT GTG ACT AAC TTA ACC 360 ATCC 29212 22)
FL2 R TAA TGG TGA ATC TTG GTT TGG
E. faecium FM1 F GAA AAA ACA ATAGAAGAATTAT 215 ATCC 6057 22)
FM2 R TGCTTTTTTGAATICTTICTTTA
E. durans DUl F CCT ACT GAT ATT AAG ACA GCG 295 ATCC 6056 22)
DU2 R TAA TCC TAA GAT AGG TGT TTG
Duplex PCR
E. casseliflavus CAl F TCC TGA ATT AGG TGA AAA AAC 288 ATCC 700327 22)
CA2 R GCT AGT TTACCG TCT TTA ACG
E. gallinarum GAl F TTACTT GCT GAT TTT GAT TCG 173 ATCC 49753 22)
GA2 R TGA ATT CTT TGA AAT CAG
E. hirae HI1 F CTT TCT GAT ATG GAT GCT GTC 187 ATCC 8043 22)
HI2 R TAA ATT CTT CCT TAAATGTTG

12) 10xPCR #%7## 10xPCR Gold Buffer (Thermo Fisher Scientific %)
13) 25 mmol/L 7AF T X7 LAY K=V UBRIEAH 2.5 mmol/L dNTPs (Thermo Fisher
Scientific )
14) 25 mmol/L ¥Efb~ 27 % 7 A¥EHE 25 mmol/L MgCl, (Thermo Fisher Scientific )
15) DNA R Y X7 —E¥# AmpliTaq Gold DNA polymerase (5 unit/uL) (Thermo Fisher Scientific
p:0y)
16) PCR KK
i E. faecalis, E.faecium }2 N E. durans %[RRI R H 3 5 KOS %
10xPCR FEfEf % 2.5 pL, 2.5 mmol/L T4 X X7 LAY K=V VERIEA#R 2.0 uL, 25
mmol/L H{b~ 7R 7 AV 1.5 uL, DNA AU A F7—8H 0.7 uL, %7714 ~—02 uL
(E1, E2, FL1, FL2, FMI1, FM2, DUl X T'DU2) K ONV@MiK 142 uL -4 L7z PCR X
JEHK 22.5uL % PCR T2 —7 I KbV OMEREL L7z, 2 bOREIZONT, LERK
FOREETT ATy 7 BELEE (& 1.5mL) CTRAG L TGRR L.
it E. casseliflavus, E. gallinarum XX E. hirae Z 8RNI H 3 2 RS %
10xPCR #EfE % 2.5 pL, 2.5 mmol/L T A F L X7 LAY K=V VERIEAW 2.0 uL, 25
mmol/L ¥ifb~ 27 %+ 7 A¥AHR 1.5 pL, DNA KU X7 —¥jg 0.7 uL, %771 ~—02 puL
( (E1, E2, CAl T} CA2) , (El, E2, GAl 1} GA2) Xix (El1, E2, HIl XX HI2) )
KOV 15.0 uL 2R A L72 PCR KGR 22.5uL 2 PCR F=2—7 1 KH7-0 OMFEE L L
. TNHOREIZONT, NERBGOEE T T AF v 7 BiELEEE (F&1.5mL) T
BAELTHE L.
17) PCR [t
BEXERRE D E. faecalis (ATCC 29212) , E. faecium (ATCC 6057) , E. casseliflavus (ATCC
700327) , E. durans (ATCC 6056) , E. gallinarum (ATCC 49753) K ONE. hirae (ATCC 8043)
LT, 2.6 ® DO FIETHEIKD DNA Z4 L7,
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18) Tris-acetate, EDTA #Ef#ii#% (LLF [TAE #EMEK] &5, )
S50xTAE #EfiiE (= v AR v —8) 20mL 2 @8HK AR LT 1000 mL & L7=.
19) 25%7 Hua—A7)v

Agarose L03 [TaKaRa| (¥ B 7 /N4 AM) 2.5 ¢ % TAE f&HE#E 100 mL 2Nz, LY
THEL CHEML, FADEIN3~4 mm il b X ICa— L EZLIAATE S IV A—H—IZi
LiAZx, =R CHE LES 7.

20) ERIKEHEGFREHK 6xLoagind Buffer (¥ 717 /34 A1)

AC 7 A 3 RLfERsH (H KRR 505 ¢ ROV b MU U A (8 L7 AL AFYeHisg
M) 0.25 g KB /K 1000 mL [Z¥A7H> L 500 mL B5# i 250 mL 437 L C, 121 °C T 15 /&
JEZESEE LTz,

21) DNA %y f-E~—7%5— 100 bp DNA Ladder (¥ % 7 /A 4 #l)
22) TIVYERERR

0.625 mg/mL BAb=F U7 AiEiE (7 a v 8) 40 uL % TAE $E@E#K 50 mL (202 C YR

L L7
23) N— AT a— Vg UiREER (DL THL AR &vD . )

Heart Infusion Broth (Becton, Dickinson and Company #) 25 g Z 758 /K 1000 mL (20 L7=.

INERBREIC2mL H1EL, 121°C T 15 & EARSIEE LT-.
24) 20 WN%AFLINTHE (LLF T20%AFLILT7 ] LD, )

Skim Milk (Becton, Dickinson and Company %) 200 g #Z 7K 1000 mL |2 L7=. Tz
AEBEIC 2mL 2L, 110 °C T 15 M m EAKIRE L7z,

25) HAEZMHHBH 7L — b R (FA—F—7L— )  EiHMLFER (UTF [7e—X
YFL—bh] WS )

PR ERA K OV 3R A DO PR FEREPH & Table 2 \Z/R L2, 7 — X2 7 L— NI 2 {575 T 10~12
BEREIC AR U 7o & 384 e OY Ca?*, Mg*a MH IRIRESHIUIZIIN L, b % 96 X~ A 7 m 7' L
—hMZHEHELEZbDZHWE., 70— 7 L— FE-80 °C THEHIRTE L, AT EIR COfF
HLURBRICH W,
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Table 2 Antimicrobial agents
Lo . Concentration Breakpoint
Group Antimicrobial agent  Abbreviation range
(ug/mL) (ng/mL)

Aminoglycosides  Gentamicin GM 025 — 512 329

Kanamycin KM 05 — 1024 128 @

Streptomycin SM 05 — 512 —
Fluoroquinolones  Ciprofloxacin CPFX 012 — 128 4"
Glycopeptides Vancomycin VCM 012 — 128 320
Lincomycins Lincomycin LCM 025 — 512 128 @
Macrolides Azithromycin AZM 025 — 64 —

Erythromycin EM 012 — 128 8h

Tylosin TS 012 — 256 64 9
Penicillins Ampicillin ABPC 012 — 128 16 ©)
Phenicols Chloramphenicol CP 025 — 512 32
Polyethers Salinomycin Sodium ~ SNM 012 — 32 —
Polypeptides Bacitracin BC 025 — 512 —
Tetracyclines Tetracycline TC 012 — 64 16 9
a) Defined microbiologically in JVARM. Intermediate values of the two peaks

were defined as breakpoints when MICs were bimodally distributed??).
b) Criteria published by CLSI?®
2.3 HEE K OMEE
1) AYFaX—F—:176-4S PEMLAHM T RM, FMU-1301 f5 TR, 1S802 v~ b

2)
3)

4)
5)
6)
7)
8)
9)

JEFBAEE © BX41
TIAF v 7 BPEE = (LT [y —L]) L)
15 mm)
T 7 a sy ZEREAME : Dry Thermo Unit DTU-2C %A 7 v 7 il
i Loy HERE © MX-300
DNA HIlE%E{E : GeneAmp PCR system 9700 Applied Biosystems i
AR VKENEEE © Mupid-exU
BRIKE 7 — R AT A 0 AE-6932GXES-U 7 h—#l
TV AT 7=ty b AT LH

ERVINSARS -

b T

10) ~A 77 L—F ) —F 77— iRl T M0

2.4

Fie

1) BRI R R

2)

)

=7 e (N 90 mm, &S

HERHRAE CHRER L 72308E 25 ¢ & AC HRIREFHILIC AL, RV IRE 72, 37 °CT 18~48 IffH]hs
L7

BRIy HEES
BRI E RO 1 A4 H % ECS ZERIFHICEAREA L, 37°CT 18~72 FEfHi#& L7z
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3) Ry BEEE AR
ECS XIS E L v, IHEREE O MR MR C & 2 J8 P 2 A8 6 ST R THOR B 04E
W 12 HSE L, TN AERAER 10~15 pL TR\ L7Z. £BBiKEO 1 A4 H % BHI %
REGHUZEBREEAT L, 37°CT 18~24 FEfIK5# L7=. BHIZERE M EICTpk S vz | 9% % 891
L, P BHI ZEXEG TR L 72,
25 [Al &
1) MREBR
i JEREFRIMEIR
SYBERE DT REFHIMEIR 2R T 5720, 7T 2% Eli L1-. BHI ZEREHI D 1 £
ZHE L, EHAHK 10~15 pL [ZBE L7z, BEBRE AT A R7 7 A2 LI R TAR
WML, N—F—TBEE A KEEE Lz, BEmEICARERE ol L, 1 oRHEEE L
Teth, KW Ulz. RIREAENETHI R R ETHEAKETH FLAKELLE. T0%, %Y
BiRE ST L, | OREE L%, KL, 274 K772 EOKGyEAKTSEI
ST, MERZEFHMBTBEL, V7 ABMEKE THLINEERN L. R 2 Ix
—Ya U EiER LT,
i AR MR
ST BERR O A PRI MR 2 MR T D 7200, mE kT b U U ANME, SR O R & FE i L
7o. BHI ZERFHIDNG G T 1| B EEHE L, 6.5 % NaCl 1 HI iRIEEFHIICHERE L C,
45°C T 18~24 WFfEBE2E LMK 2 BIZ2 L7, 6.5 % NaCl I HI IR ES M348 (0 B B (60K (4
\ZEALSOTIRE D & o o BRI & AL 7 B U 0 AYE L ONEIRTES e L Le. £ 72,
GCFREEMITERZBEL, 0 REOTho = oMRIIBEE L, BT U —4f
Th oo rBERIERREE L.
AEARSE R PER
25D DD i IZBNWT T 7 AGHERE CTH D Z & PRI IL, 722 2.5 O 1)D i ITBWT
mEA LT U T AT R OVEIRE 23 B T & o T BERR IS DV T, APT ZHWTH » b
AL VR A FE i L7z, ERFROMEILFEY 7 FThHhDH APIWEB®Z Hv7-.
ERE RN Tacceptable] , [good] , [very good] XIE [lexcellent] DA ITHIE S A7z Hfl
PEM L.
2) PCR E# MW -EHE R E
250 1) DilZBWTTZ 7 AGHERETHD Z ERHERIIL, 222250 HOii 2BV TH
WAk T B U T N & OVER AR 23 Bt T d o 72 sy itk &2 PCR IZHEL 72,
i DNA it
PEYERR SO0 BERR 2 BHI B KIS ML CRE R %, B S IcE% % 1~2 [ESE L 100 uL O 4
HAWKN A>T 1.5mL F =2— 7 IZE L7-. BE L7Z#K % 12000 rpm T 1 45 8158 045 Bt
L EBEBAGERELT-. D%, InstaGene Matrix Z# AW TH v s OFRIAE|ZHE > T DNA O
T EAEZ ATV, Mok BRI M O DNA BURHK 2 Fi L L 7=
i AUBHRIRSE O 7R i
PCR ik 22.5 uL % PCR = — 72 A4, DNA i EHE % 2.5 uL il %2 T PCR Ut (2 fi -
HBHEIR & U7, [RIRFIZ, PCR BSOS HRIZ Gt RSO3 MK 2 2.5 uL I T, Bt i

=

il
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17 K OVt e FRIR 2 B L 72
iii PCR KJi
KRR, Bkt BRI S OV Mt BRI D N - 72 PCR F = — 7 % DNA B2 & (2 A,
E. faecalis, E. faecium, E.durans, E.gallinarum X NE. hirae 1%, @ : 95°C (4 /R E) —
[95 °C (30 ®HRF) —55°C (1 wEHRE) —72°C (1 KR 1 G0 ¥1271)
—72 °C (7 5r[EPRFE) DM T PCR b E1T> 7. E. casseliflavus 3@ : 95 °C (10 43 [l fR
Ff) — [92 °C (30 M EIPREF) —45 °C (1 4r[EIfREF) —72 °C (1 4pfEIRFE) 1 (309 A 7 L)
—72°C (7 73 [MERFF) DZAMET PCR RIS EAT - 72,
v EESUKE
TAE #R 188 2 AU FEARPKEN AL I 2.5 %7 Hm— A7 V% A7z, PCR UG T LTz
BN, BHtExrBRTE, FEMEx R K OF DNA 23 &~ — 5 —%& 5 uL IZ EXUKE H AR
luLZ 2NNz CTRA L. FRGBROEEEZLOT Ha—AF D7 = )VIZEAL,
100VOEEETTRET = ) — LT V=BT )b 4~5emBET 2 E TERIKB 21T -
To. BRIKBINKE T LT e —2A 5 V& FVIEHRIC AL, K 30 iR L THREL, &
SKUKE) S F — RS AT LT 312 nm ORI Z BT L, PCR HlEEY) 2 filE8 L 72
v CfE
BHPEXRHRIRIZ B W CTHGERE B K OV IBERE RO R B 72 7° 7 4 ~—tF » M2 3 % PCR
HIREED N T X TR &4, BRI W T PCR HIBED N AR OGS, 7o, &
BHAR I B W TG EKE JE K OB IGERERE DR IR 7 7 4 ~—t& v MTxIEd %5 PCR R
PEW) DR S W55 13 E. faecalis, E. faecium, E. casseliflavus, E. durans, E. gallinarum X
X E. hirae LIRFEZHIE Lo, F7z, BEHSIRICBW TIGEKE B OR R R T I M ~—k v
MZxf % PCR HEIEEY O H 03 S oG A TG ERE R & L CHlE L7z,

3)  EEFEHEE

2.6

PCR ECHIE SN HHEZHERMF L L, PCR IETHEFEZHE TEX o722y API THIE
TEREHEAIL APL OFREREZHER R E Lie, 2720, GAFRFEANMD PCR Xt API THIE S
TZEFEOVEIR & R —Th o 72856 O BER 1T ERE SR % Enterococcus sp. & L7z, PCR LI
APLIZ LV EFENHIECTE T, MEKEIR & O BHE I NT2HE Do BEK I Enterococcus sp. & L
7o, 7ok, @B ET MU U LATERERETH > mE, @RMERRETH TG E, 77 A
PPEERE T 5 2 & DGR TE o 72356 XX PCR ETIHEKEE L HIE SN R -T2 H 6
1%, BBEREE D3 BEN 72 o 7o &I L 7=

SYBIEL 7o RRIE HEWRIARTHE 2 mL & 20 %A F A IL7 2 mL #iRA LIZEIKIC AL, -80 °C
THWWIRAE LT,

FEAN Rz M R
AR EE S etk mlBRicf L7, Zods, [Rl—Muikn 6 it S iz 2 BRoo IR E O fs R 03—

LG AFTOTRN I EEZRBRICH L, BR2MRETHSEATWVTRO L RBICH L.
1) B R 0 F Y

SSBERK 2 BHI 2 RKEZHIT 35 °CT 18~24 FRfEsE U7-. Bk S N7~ 47K % 9 L McFarland
No. 1 &7 X oA KICEB L. Big, AR LZEK 1 mL 2/EB A% /K 9 mL THR
L, #HEEHRKRE L.
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2) BHIROHETE R O %

NI AT 77—ty FEHWTHA M A ICERERZ AL, £ZIZRLE 9% 7 L—
Mae7r—Xr 7L — MIEELL. #E%, 7e—Xr 7L —bMIHTEE LT, 35°CT
16~24 FEfHER#E L 7-.

3) CHE

BfLl-7o—X7L—bhe~vAf/urL—h ) —=F 47 IT7—0LICES, AIRTIE
H ST DD B 72 WA L OVEE S & > THEED 1 mm K T 1 HOLE IR BN
IEERIR LT, ENUADOHEITRE & A L. SEREORE DLIE S 7 3RA O f KR
Yo Tig/NEEBLIEREE  (Minimum Inhibitory Concentration) (LA F [MIC] &w9H. ) &L
7. 7an—X 7 L— hOIEAEE £/ Ca?t, Mgl MH {RIKER FEE S -7 =L
IZHBERRD HAILR WA R OHEARA PRI RNEG R B ERRD b eHE (A% y 7H
) FERBREITO L, FRERICBWVWTHRTROERNERD O NG TR AR KA &
L.

BIAN OMPERAME (LN 7 v A4 2748 4> k) £Wvw5H. ) &, Clinical and Laboratory
Standards Institute (LA F TCLSI] W 9. ) DNHEET AT LA ZHEA L F 29K IVARM T/
HIVTME (CMEMEZ R MIC oA O A) P&z, (KO MICER 7 LA 7 KA
NLETH o e GG ITMEE & Uiz, MPERITMRERE GREEANLE o7 b D& FRS) I
B DMHERE OEIS (MPERRE /MR S<100) TR L. RBHEE, Nravf vy
[ZDOWT DA 24 B[l E %, £ OMOIEANZ OV TIE 16~20 REFEEHERIIT > 72

4) BN R R B

FE BB IR D E. faecalis (ATCC 29212) @ MIC fEAY CLSI O 7E ¥ 2 # B BRIR SUE 29 LA T©
b5 & a RIS L.

7eF, SrBED D IANES MR £ COMEE Scheme 1 [T/R L7z,
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Selective enrichment
weighed sample (25 g)
added sample into AC Broth (250 mL)
incubated for 18-48 h at 37 °C
Selevtive isolation
streaked culture sample on Enterococcosel Agar
incubated for 18-72 h at 37 °C
Pure isolation (primary)
streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C
Pure isolation (secondary)
streaked culture sample on Brain Heart Infusion Agar
incubated for 18-24 h at 37 °C
Phenotypic tests
Gram staining
NaCl torelance and temperature torelance
: inoculated one colony to HI Broth containing 6.5 % NaCl and incubated 18-24 h at 45 °C
Pigment producibility: observed the color of colonies on Brain Heart Infusion Agar

[ I
PCR Rapid ID32 STREP API

|
identification

DNA extraction with InstaGene Matrix
prepared reation mixture with genus/ species -specific primers
amplified template DNA
E. faecalis, E. faecium, E. durans, E. gallinarum, E. hirae :
95 °C (4 min) —[ (95 °C (30 sec) — 55 °C (1 min) —72 °C (1 min) ] (30 cycle) —72 °C (7 min)
E. casseliflavus :
95 °C (10 min) —[ (92 °C (30 sec) — 45 °C (1 min) —72 °C (1 min) ] (30 cycle) —72 °C (7 min)
electrophoresed at 100 V on a 3 % Tris -acetate -EDTA agarose gel
stained with ethidium bromide solution for 30 min
visualized with UV light transilluminator at 312 hm

Identification

Antimicrobial susceptibility tests for Enterococcus spp. isolations (with broth microdilution method)
streaked culture sample on Brain Heart Infusion Agar

incubated for 18-24 h at 35 °C

suspended in saline solution to a concenration of 1.0 McFarland standard
diluted 10 times with saline solution

inoculated 96-well microtiter plate with the suspension

incubated for 16-24 h at 35 °C

examined each well for growth of isolates

MIC determination

Scheme 1 Antimicrobial susceptibility test of Enterococcus spp. isolated from feed ingredients
and formula feed

3 HERUER
3.1 GEHECEE K OB A fil ek v oD A5 BR B oD i H IR I
T DS L U= R OB A EHZ 1T 2 I EREE O 4y BESEE 2 Table 3 (277 L7-. MK
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ELT 79RELD 5 B 52 BB B IGERE 23 0 BE S iz, B EEIRCEHT B W\ TR O B SR
65 %l brm<, WMNTTFFI—), FEHEGWEBMBZINLEI 53 %, 47 % ThoTo. Y
EYEEEE L CREMNT 255 L Leh, MEESRD Rl EHEMENLELEZ LN,

Fe A E OBMERITBA L OFEAZOTRY 88 %l mo o7z, BWARAEEHIRAEE N V7L,
FlEEHENLELEE 2 b,

Table 3  Isolates from feed samples

No. of samples Rate of
No. of ' . P samples with No. of
contain ) .
samples . Enterococci isolates
Enterococci
(%)
Soybean meal 2 1 50 2
Fish meal 20 13 65 21
Poultry by-product meal 15 8 53 16
Swine and poultry by- 15 7 47 12
product meal
Poultry feed 8 7 88 12
Swine feed 3 2 67 4
Cattle feed 16 14 88 26
Total 79 52 66 93

3.2 TR oy HESHEE
AR T oy BlE S AVTZ NG ER A O BT 4y BESH 2 Table 4 1Z7R L7-. IBEKE & LTSz 93
DS B 59 BRICOWTCHFENRE S 4L72. E. faecalis Db %< S 4L (28 ££) , IRWT E.
faecium (20 %) , E. hirae (10 #8) , E. durans (4 %K) , E. casseliflavus (1 1) ONAIZ 53 BfE5A
Do fe. EEOREBENCR S &, AMEORF X I —/VTlX E. faecalis DNZIVEIL 48 %
(1021 k) KUt 44 % (7/16 ) OFIG THEES 4L, T b OEEHTICFET D 2R M5 ERE R
Tholz. EIFHBLAEECIX E faecalis 2 N E. faecium 73 FLEI 23 % (6/26 #8) K27 %
(726 #k) OBEECHBESN, 20 2 HEN FHERMERER S 2> T, EERITIX, E
Saecalis [ZEIRHFEN ) D O3 BEBHEE S @ VMERNIZ & o 7= (20/28 #K) DIZxf LT, E. hirae 13/ 5E
R D> B Oy HEREE D3 R WMEIFIC S o 72 (7/10 £K)

Table 4 Isolation rate of Enterococcus

No.of No. of isolates
Samples Enterococcus- i i i i
positive samples E. faecalis E.faecium E. casseliflavus E. durans E. hirae Enterococcus sp. Total
Soybean meal 1 0 2 0 0 0 0 2
Fish meal 13 10 3 0 3 2 3 21
Poultry by-product meal 8 7 2 1 0 1 5 16

Swine and poultry by-

product meal ! 3 2 0 0 0 ! 12
Poultry feed 7 2 4 0 1 2 3 12
Swine feed 2 0 0 0 0 1 3 4
Cattle feed 14 6 7 0 0 9 26
Total 52 28 20 1 4 10 30 93
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3.3 FEANEZME

FREAEIC LD IBERE L HE S 93 o 2 6, [AI BN b S 4, [R—HEO rTREME:
DD HDERNT. 70 BRA BABSZERRICHE L., 596 THRIEFZ7r—X 7L — b ETIER
REORBENRD LT R & 72 o 72, RBREKSL & 72 5 72 63 RO EZR % Table 5 1IZ/R L
72, B FEROBANPLEBEL SN TWD VCM IZx LT, MHMEERTEEKIZ 2272, T oft,
CP } O} ABPC (2% L T HIMPEIZR D bLenotz. — 1 T OEHNMYEZ R~ L Z Ekk
X 40 KDY, ZDHH 23 FRITEEHOIEFNCMmIEZ R Lo, KM IZHHE 2 =R T HEE D fe b i VOB
FETHBES T (50.8%) , KM IZ7 X/ 7 U ay RRERTHY, BEREIZTI 2 7Y a2y
RARIEANZ K U CTHNIRMEMEZ £ > TWD D2 ERBEBOOESEEZX L. IRWTEM KW

WCHHEZ RS EEN S A bz (ENEN 349 %X 12.7%) . EMOET 5~ oA

FREHNITE PR OEKEDFICBWT, TC DBT DT F TV A 7V o RIEANIER & PE Sy B
WICBWTELHEHINTEY ), JVARM (28T 5 2020 0D & S5 R RO GERE B3 5 304
THEWIPERD RSN TN D P KREOHERNG, FEHHIZH EM RO TC I3 5 it %
HOGEKEDFEL TNDZ EnD, SIS BMEAFAET ILERH DL EEX LN,

WD O FEANZ MM 2 7R LT R O & it/ S % — % Table 6 (Zor L7z, ZAIMMERE (WIK
PEIYE 2 £52 KM % ik < D FERNTME 2 58 D 72 B kK) 1310 kb - 72,

BRI DL D5 T2 E. faecalis, E. faecium KON OO AFEREE IOV T,  AIRAN 33 B ififk
FZ Table 7 IZx L7z, WAL h KMIZx L Tl b mWtERZ 8 L7722y, ISR &K NMIC IX E.
Saecium ([ZBWT LY FminoTlz.
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Table 5  Antibiotic susceptibility of Enterococcus spp. from each feed samples
Fish meal (n = 12) Poultry by-product meal (n = 8) Swine af::eg?lé::r);lg-product Break
MICs, MICy, Resistance MICs,  MICy, Resistance MICs, MICy, Resistance (:;JEL)
(ng/mL) (pgmL) n (%) (ng/mL) (ugmL) n (%) (ng/mL) (ug/'mL) n (%)
KM 64 256 4 33.3 64 >1024 3 37.5 128 512 3 50.0 128 @
GM 8 16 0 0.0 8 16 0 0.0 8 16 0 0.0 329
SM 32 128 - - 64 >512 - - 64 128 -
VCM 1 2 0 0.0 1 4 0 0.0 1 4 0 0.0 320
TC 0.25 64 2 16.7 0.5 64 1 12.5 1 16 1 16.7 169
CP 8 8 0 0.0 8 8 0 0.0 8 8 0 0.0 329
CPFX 1 1 8.3 1 4 1 125 1 8 1 167 4
ABPC 1 2 0 0.0 1 2 0 0.0 1 1 0 0.0 160
SNM 1 2 - - 2 2 - - 1 2 -
BC 128 256 - - 256 512 - - 256 >512 -
AZM 16 32 - - 2 >64 - - 8 32 -
EM 4 16 4 33.3 1 >128 2 25.0 4 16 2 33.3 8h
TS 4 8 1 8.3 2 >256 1 12.5 4 16 0 0.0 64 9
LCM 32 64 1 8.3 64 >512 1 12.5 16 64 0 0.0 128 @
Poultry feed (n =8) Cattle feed (n = 23) Total (n =63) Break Reference??
MICs, MICy, Resistance MICs,  MICy, Resistance MICs, MICy, Resistance point Resistance of isolates from
(ng/ml) (ugfml) n (%)  (ugfml) (ugfml) n (%)  (ugfml) (ugfml) n () WMD) slayghterhouses in 2020 (%) @
KM 128 1024 4 500 128 1024 14 60.9 128 1024 32 508 128 @ 139 - 482
GM 8 32 1 12.5 8 16 1 4.3 8 16 2 3.2 329 6.2 - 75
SM 64 64 - - 64 128 - - 64 128 - - - -
VCM 2 0 0.0 0 0.0 1 2 0 0.0 329 0.0 -
TC 0.5 >64 2 25.0 0.5 05 1 4.3 0.5 16 8 12.7 169 285 - 66.9
CP 8 8 0 0.0 8 0 0.0 8 0 0.0 320 04 - 16.1
CPFX 1 16 1 12.5 1 2 1 4.3 1 6 9.5 4" 00 - 73
ABPC 1 2 0 0.0 1 2 0 0.0 1 0 0.0 169 00 - 05
SNM 2 2 - - 2 2 - - 2 - - - -
BC 256 >512 - - 256 512 - - 256 512 - - - -
AZM 1 16 - - 8 32 - - 8 32 - - - -
EM 0.25 16 2 25.0 16 8 34.8 2 16 22 34.9 8h 49 - 36.8
TS 4 8 0 0.0 4 16 0 0.0 16 2 32 64 9 34 - 306
LCM 32 64 0 0.0 32 64 0 0.0 32 64 2 3.2 128 9 34 - 409

a) Defined microbiologically in JVARM.
breakpoints when MICs were bimodally distributed?®.
b) Criteria as published by CLSI?4,

¢) Maximum and minimum of resistance with poultry, swine and cattle.

Intermediate values of the two peaks were defined as
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Table 6  Pattern of antimicrobial resistance in Enterococcus spp.

Feed ingredient Species Pattern of resistance Compound feed Species Pattern of resistance
Soybean meal E. faecium KM, EM Poultry feed E. faecium KM, EM
Soybean meal E. faecium TC Poultry feed E. faecium GM, KM, EM
Fish meal E. faecalis TC Poultry feed E. durans TC
Fish meal E. faecalis KM Poultry feed E. hirae TC, CPFX
Fish meal E. faecalis EM, TS, LCM Poultry feed Enterococcus sp. KM
Fish meal E. faecium KM, EM, TC Poultry feed Enterococcus sp. KM
Fish meal Enterococcus sp. KM, EM Swine feed E. hirae KM, EM, CPFX
Fish meal Enterococcus sp. KM, EM, CPFX Swine feed Enterococcus sp. KM, EM
Poultry by-product meal E. faecalis KM, EM, TS, LCM, TC Swine feed Enterococcus sp. KM, EM
Poultry by-product meal E. hirae KM, EM Cattle feed E. faecalis KM
Poultry by-product meal Enterococcus sp. KM, CPFX Cattle feed E. faecium KM
Swine and poultry by-product meal E. faecalis TC Cattle feed E. faecium KM, EM
Swine and poultry by-product meal E. faecalis KM Cattle feed E. faecium KM, EM
Swine and poultry by-product meal E. faecium KM, EM, CPFX Cattle feed E. faecium KM, EM
Swine and poultry by-product meal Enterococcus sp. KM, EM Cattle feed E. faecium EM
Cattle feed E. faecium KM, EM, TC
Cattle feed E. faecium GM, KM, EM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM
Cattle feed Enterococcus sp. KM, EM
Cattle feed Enterococcus sp. KM, EM
Cattle feed Enterococcus sp.  CPFX

Table 7  Antibiotic susceptibility of E. faecalis, E. faecium and other Enterococci

E. faecalis (n =18) E. faecium (n = 13) Others (n =32)

MICs, MICy,  Resistance MICs, MICy,  Resistance MICs, MICy,  Resistance

(ngml) (ugml) n (%)  (ugml) (ugml) n (%)  (ugml) (ugml) n (%)
KM 64 128 4 22.2 256 1024 11 846 128 1024 17 531
GM 16 16 0 0.0 8 32 2 154 8 16 0 0.0
TC 0.5 64 3 16.7 0.5 64 3 231 0.5 1 2 6.3
CPFX 1 2 0 0.0 0.5 1 1 7.7 5 156
ABPC 1 1 0 0.0 1 0 0.0 1 2 0 0.0
EM 4 >128 2 111 8 16 11 846 0.25 16 9 281
TS 2 >256 2 111 4 8 0 0.0 8 16 0 0.0
LCM 32 512 2 111 16 32 0 0.0 32 64 0 0.0
CP 8 8 0 0.0 8 16 0 0.0 0 0.0
VCM 2 2 0 0.0 1 2 0 0.0 1 1 0 0.0

4 F&D

(] PN ¥ 188 O Rl RHEURE B OVEL A B 6k 20 & I BREA 2 70 BiE L, BEAIMRME O MR PL 230~ 7. 2023 FEED
HEICBWTHELNZH R EZ L FIR L.
1) FRERGE LTI ROREZIEL, 56 52 A0 bIGERE N 7B S 7.
2) 9BHEDGERE D BES AL, 5B 59 RICOWTHMENVHIE S 7z, EFER]BESEEE 1T E. faecalis
b <, E.faecium, E.hirae, E.durans, E. casseliflavus OJIEIZ & D> 7z,
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3) BRI EIZKITDMMERE OBMERIT, HARA G L O HEAEE (88 %) , Ak
(65 %) , ¥ I—/ (53 %) , REHEAGRWER (47 %) DIEICE» 7. KEMHT LY
EHAE S EEHZ DWW TIIRIBE A D 7e <, SORIZFENMLELEZ 2 bz,

4) BEZMERBREIT 72 63 KD 5 B 40 HRIC B W TIRAFIMIE RO S, 23 FRICHOW TIFEEK O I
FNTH L CIMMER H > 72, EM KON TCIZBW T HMERNE < (34.9 %N 12.7 %) , 5l
ETENMLELEZ BN, B MNEROBADDLEZEHIND VCM IZOWTIEW T O EEIC
BWTHIMMEZR D Rn-o 7.
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