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Monitoring Results of Antimicrobial Resistance of Enterococci Isolated from Feed Ingredients
(in the Fiscal Year 2018)

Miyuki ASAO" and Noriko OKUYAMA®
(" Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center)

We have made an antimicrobial susceptibility test on enterococci isolated from soybean meal and
animal byproducts ingredients.

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 biochemical characteristics of
the catalase test, PYR test, mobility and pigment production, enterococci was identified with
Rapid ID 32 STREP API. The minimum inhibitory concentration (MIC) was subsequently
measured by using the broth micro-dilution method according to the guideline of the Clinical and
Laboratory Standards Institute (CLSI).

Isolation rate of enterococci from soybean meal, fish meal, poultry by-product meal, and pork and
poultry meat and bone meal (MBM) were 45.5 %, 25.5 %, 16.0 % and 37.5 % respectively. The
most common strain was Enterococcus faecalis (E. faecalis) at 35.7 % (20 of 56 strains) followed
by E. faecium at 32.1 % (18 of 56 strains). The antimicrobial resistance rates were 0.0 % to
15.0 % (E. faecalis), 0.0 % to 61.1 % (E. faecium) and 0.0 % to 22.2 % (other strains).

Key words: soybean meal; fish meal; poultry by-product meal; pork and poultry meat and bone
meal (MBM); Enterococcus faecalis; Enterococcus faecium; antimicrobial susceptibility
testing; broth microdilution method; minimum inhibitory concentration (MIC); antimicrobial
resistance rates
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a2 7T 2016-2020) VEEE Li-. BEENHO LR BT TEEMEH OHEES oAb, HEHIf
PEO B FHA - B AR, BIEKFEBYH EELOERICHEMENEE T A EZEN, 7
THUKIZ 3T A EE 0k Re D D 2o h, EKIWEE OB A ILER 11 FEND
Tt B ) 1 ke B i 5 MR 95 SRR B e OV S B o0 A= [ 1 70 SE AR I PE R A5 2 IVARM (84 Hh i 36 Al
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VARM TI3jEY CERK 11 EEED 6 Fpk 27 ) X0, L &G A ORBAY; (FA 24 D)
TERM LIEEREXIIEREN O DS BEKE A XS E L TWD— 5T, fE»rbosnD
FGEREIZ DWW T, ANV TR RS TR D6 O BERA, ZiEi 100 %& 66 % T, it
‘r@ﬁz’ﬁ FNEN 1.2~69.1 %& 0.1~59.8 % Th 7= L WV IHHE NLH 2N, BARICE TS, k)
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1) /KiZ RFD240RA (7 RV T w78 (2 X0 A L-ZAEK (JS K 0211 @ 5213 IZEHKR S
NIFREEAK) 2RV, ok, FRICHOWZRIEKT, 2 H 5 b O kkzE vz,
2) AHAEER
WAbF MU U AR (0.9w/v%) % 121 °C T 15 5 [l M 28 s L 7-.
3) 1L6wWNW%T BET LY — =T )T H ) — VIR

TREZ LY=L 08 g EEAKTH ) —)L 475 mLIZIE L, ZKEK 25 mL &0

ZCHRB L7z, XL T, |ETRELE.
4) AC Eih

AC 7 A 3 »JLffElE . (A KBSER) 505 g K O7 U b MU oA (FOLHBE T¥R) 0259
% 78B4 7K 1000 mL (292> L, 500 mL 55312 250 mL 437E L C, 121 °C T 15 43 [ s E 78 &K
L7z,

5 Tr7yuayabLEREM (LLF TECSEH tuwvH. )

ECS 15t (Difco #) 56 g % Z 47K 1000 mL (Z¥&7/>L, 121 °C T 15 4y @ &Kk L7z,
% 60°CETHALLEE, NRMVILIZ—FRIZIEND L D12 15mL 37k L, AKFEICEEL T
BElE S H 7%, fELCSEZEZDTMCT S L, 37 °C T 1 RMEE L ChMiE w2 ik S8
7.

6) 7L AN AT a—Ta VEREH (LIT IBHI ZEXEH#] 2v»H. )

BHI Agar (Difco ) 52 g Z7%%2/K 1000 mL (Z¥%72>L, 121 °C T 15 4y EARKIRE L7z,

LR, Blck-o7.
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8) 65 WNWHE LT Y T A N— AT a— a M (LU 76.5 %NaCl il HI 5541 &
2.)
HI Broth (Difco®) 259, itk +VU v A 659, 7 Kulilg KO*16 %7 2Er LY —/)L
IN—=T N B ) — VIR 1 mL 2788 7K 1000 mL ([ZIE Lz, 2/ NRBREIZ 3 mL B E S
HEL, 121°C T 15 yMmEEARSMEE L.

9) I=T7—tbr hropiREEE (LT TMH i@k 2o, )

Muller Hinton Broth (Difco #) 21 g & O® Bacto-Agar (Difco ) 2.5 g Z 757K 1000 mL (Z¥&
NL7z. ZhZE/DRBREIC 3 mL BESTEL, 121 °C T 15 4 EmERKIRE L%, &8I
BEE X H 7.

10) 3 vIV%iE R kA FEoK B kEAK (30%) % 10 4R L7z,
1) AUTHhT7— [4TU%] PYR (1 VX))

12) Rapid ID32 STREPAPI (A A v 7 A « B4 A Y o —Hl)

13) I = T7—br hrgmEnE (LU TMH @i tuvo . )

Muller Hinton Broth (Difco #) 21 g &% (" Bacto-Agar (Difco ) 2.5 g % 7&K 1000 mL (Z¥&
MULTZ. ZhE/NREREIC 3 mL BRENTEL, 121 °C T 15 MEEAKHE Lk, EEic
BEE X H 7.

14) 20wi% AF LI N7 (LT T20%AF L ILT | ). )
A% 5307 (Difcofil) 20 g #7884k 1000 mL (2L, FERBREIC 2 mL F2ESEL,
121 °C T 15 oy Al @ JE A KU R L 7z
15) HEFEZMRBRH 7o —X 7L — K R (A—F—7L— )  CEHMEZER)
2T 1 Ca® e O Mg? &2 ¥ L 7= Muller Hinton Broth & J M7=, ARG S & 5541 i i duig |2
DONTX Tablel D & BV . REZIFANEZNGMEHE TIEX, -80°C ThiFLZ.

Table 1  Kind, concentration range and break point of antimicrobial agents

N - Range Break Point
Group Antimicrobial agent Abbreviation (ug/mL) (BP)
Aminoglycosides  Dihydrostreptomycin - DSM 025 ~ 512 128
Aminoglycosides K anamycin KM 025 ~ 512 128
Fluoroquinolones  Enrofloxacin ERFX 012 ~ o4 4
Lincomycins Lincomycin LCM 012 ~ 256 128
Macrolides Erythromycin EM 012 ~ 128 89
Macrolides Tylosin TS 012 -~ 256 64
Penicillins Ampicillin ABPC 012 ~ 128 169
Tetracyclines Oxytetracycline oTC 012 ~ o4 16

a) Performance Standards for Antimicrobial Susceptibility Testing of CLSI

16) N—hA 7 a—Ta CREREM (LT THIEREH# Lvw). )
HI Agar (Difco ) 40 g # 7% /K 1000 mL (Z¥72 L, 121 °C T 15 4y M EAR K IRE L7-.
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LR, Blck-o7.
17) MU TFor—RAY A (DLF TTSBEH &5, )
N Z7Fr—2Y 1 (Difco®) 30 g ZZH/K 1000 mL (2 L, /NakBREIZ 4 mL 25
L, 121°C T 15 4[R2 KR L 7-.

23 HEEKOZHE

1) XMV : Hor~EEF» ALO0mMm, & 20mm Db O

2) HE&E: RV e Ll Ho<@EEH, Lub 7 4 ARL—7

3) ArFa—F— HNIEEEL 35~45°C (EBHKE :21°C) ICHRETEDHHD

4) 2o WERICHWEZRED 96, KR OEIRICEMT 2 b 0lk, wEIRE X ILsEEK
P D b D

2.4 SyEEMONRE T 1A

1) BRI B
StralElk 256 g & - T ACHIHLIZ AR, RV IEE 7%, 37°C T 18~24 I # L 7-.
2) BIRBELEE
BPUEERERIR O 1 A4 H % ECS KBk L, I LT 37 °C T 48~72 KffillE# L
7.
3) MEEyREE
ECS Ik Ok & o 258% (AN BEEa UTREAH T, FLEEHoar
=—) & 2 fAE L, TAENAEBRSER 15 pL BECEBLEZ. FEBKD 1 A4&FE%
BHI 2& K EFHIICHFR B R L, M1 L C 37 °C T 18~24 WFfilIs 2% L 7=.
Frfth, BHI BREHIEREOEEZ LHESHE L, EiLs RBEICEIELZ.
4) fRFEEAE
BHI %R EF Rl DL % LIEHE L, MH i@ iz 22 L7-%, 6.5 % NaCl /il HI £
IR L 7=, MH i EhEs X 37 °C T 18~24 [, 6.5 % NaCl Jil HI 55 1}% 45 °C T 18~24
Rpf s & L 7.
5) fERRFE
FRE 2 M OMERREE I, 7T AYeta, ¥ T —ERER, PYR T Table 2 ®A{LZEANEIR % e
L.
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Table 2 Biochemical confirmation test of Enterococcus
Biochemical confirmation Culture Culture medium Character of
Enterococcus
High NaCl concentration 18~24hat45+1°C H1? broth with 6.5 w/v%NaCl +
High temperature 18~24hat 45+ 1°C HI? broth with 6.5 w/v9%NaCl +
Moatility 18~24hat37+1°C Mueller-Hinton semisolid agar +/ -
a) Heart Infusion
Biochemical confirmation  Reagent Character of
Enterococcus
Gram stain Faber G" Nissui " Gram positive
Catalase test 3 viv% hydrogen peroxide water -
PYR test Swab color " IWAKI " PYR +
Pigmentation — +/ -

25

Strains presumed to be enterococci in property tests are identified by Rapid ID32 STREP API

TTLGts, AT RTTRAExTH ) —WZ—BpLLERIEL, N—FT—TRIES, BhE L.
Z 0 iz, 2 HOMPEER R BHAORIK 10 pL 250 L, ERT 2. wmigsg, kR
BE LB HmICY Al A ZHaoumL, 1oMEE L. YRaRzKikk, el cie
A OFOAPETHS R 2 EThA L. DRz KEEk, BkEicikeR B 2+
WL, 1 5MEE L. ek E KR, ABRTKRESEEY, P cig Lz,

NHT—VREE MO ELEEEVENERY, AT RS T2EIC I WEFLE 3
VIVOem R L Kk FEAK LIRBFI L, BIDOFELZ R LT,

PYR#EE WA 1 2 1WE T LT A MR 7 CHB DB R L7-#H 2 nEHRY, #Hil
DEEBET S, WIRT3I50FER, NIMEIE2Z1METL, Ao (beBlgLT-.
RO EACFERIER THERE O MR 2 7R L7 E 220 T, Rapid ID32 STREP AP C i i [l /&

w{To 7.

Rapid ID32 STREP APl #2222 g A7 742 mLiZ McFarland W 412722 X 5 ITH
ML, AR LEEKE T L — hOK D v 7I2 55 ub §o437EL, 2L T 37 °C T
A~45 BB L7e. v FORMXEDO LBV IHEL, HEMFEE APIWEB [FE Y 7 k
ZxTIZANL, WHEREZIT-o72. HHERE I N-EKIT, HI e 20 %A F L3I0 7
%“Eﬁo/ A LI AR s i ©-80 °C TIRTFE L 7=,

FEANR s MR (TR R A BRYE)

1) *ﬁfﬁéfi%

Staphylococcus aureus ATCC 29213, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853 % F5EEE FRML & L CHEBR AR & RIRFIZEBR L, *F
JEEERED MIC (Be/NE B FLIEEFE © Minimum Inhibitory Concentration) 723 Table 3 O BLkSfE (2
ADZ & xR Lz,
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Table 3 Quality control limit of quality control strains
Quality contral strains

Ant:;s:noual Staphylococcus aureus  Enterococcus faecalis Escherichia coli Pseudomonas aeruginosa
ATCC 29213 ATCC 29212 ATCC 25922 ATCC 27853

DSM 1—2 16 — 64 1—4 4— 32

Km? 1—4 16 — 64 1—4 *

ERFX® = 0125 012— 1 <0.125 *

LCM 025 — 4 8—32 = 256 = 256

EM? 025—1 1— 4 * %

T2 05— 4 05— 4 >32 >32

ABPC? 05— 2 05— 2 2—8 *

oTC =1 4— 16 025 —2 2—16

*: No quality control limit
a) Performance Standards for Antimicrobial Susceptibility Testing (CLSI)

2) BEIROFR
PRAFEE 2 HI ZEREFHICEBRE PR L, ) L T 37 °C T 18~24 Ry L7-. HI ZEREsHh
Rl OEE % A~5EEHE L, TSB EFHICHEfE L, 37 °C C 18~24 FEfiR5# L7=. K& % D TSB
B 2 R A AEFR R T 10 AR L, McFarland ¥% 1 I2A ¥, ZTOHEKE S HIZIHEE
HAWR CI0HEAIRL T, 7a—X 7 L— MERHOHEIRKRE L.
3) 7u—Xr 7L — h~OFE KO &
QTCHBLIZEK (28) 2T 27 7—kvy bR AIZAR, 96 BT L— &R
L, %6 B> 7L —r270—X 7L — b ORWIEFE L., 7a—X 7L —hMIZEHEEL
T, 35°C T 16~20 B[ L /-,
4) CHE
U~?4Vﬁ¢?w@ia7m X/7v~b% &, WHRAYICRRE ST ) M@Enﬁ
AR OEY RS> TH L mm A& T LEOGEIIREMRILE Zle L., BREEORED
Bﬁiéﬂf:%ﬁ' IO EARIREZ MIC & LT,
708, BERIED bR MR COME % Scheme 1 IZ/~r L7=.
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Selective enrichment

weigh 25 g sample

—add to 250 mL AC Broth

incubate for 18~24 hat 37 °C

Selective isolation

plate out the culture obtained in selective-enrichment broth to Enterococcosel agar
incubate for 18~24 hat 37 °C

Pure isolation (first)

inoculate typical or suspicious colonies of Enterococci to Brain Heart Infusion (BHI) agar
incubate for 18~24 hat 37 °C

Pure isolation (second)

— plate out the colonies to BHI agar

incubate for 18~24 hat 37 °C

Culture confirmation

inoculate the colonies with wire

—I: Mueller-Hinton semisorid agar
incubate for 18~24 hat 37 °C

Heart Infusion (HI) broth with 6.5 % NaCl
incubate for 18~24 h at 45 °C
Biochemical confirmation
gram stain
catalase test
——PYR test
| dentification of Enterococcus
|——Rapid ID32 STREP AP

Store at —80 °C in 20 % skim milk
I
Antimicrobial susceptibility testing

plate out the stock strains to HI agar

incubate for 18~24 hat 37 °C

inculate several colonies to Trypticase Soy Broth

incubate for 18~24 hat 37 °C

— dilute the culture solution into 100 times with autoclaved physiological saline
inoculate to Frozen Plate

incubate for 16~20h at 35 °C

Determining MIC

Scheme 1  Antimicrobial susceptibility testing of Enterococcus spp. isolated
from feed ingredients

3 HERRUER
3.1 JrEEk
Wk 30 4 4 A BFRL 31 4F 1 H F CIZERIL 72308 0 S8 0 o Bl S 72 3R 0 s8R 2R 1
Table 4 DL B0 THDH. BEREIZIFHLBMOBENOEIER CTH LD, AR~ S b
AREVENE L, 2, SUEHLSMCEE, TR, BAR, W, HEE KRESICHLAERLT
W5, AEERE L 7 SEHREHT — % A I BLE TRICB W TNESOINE, Bt SEnirbh sz
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Table 4  Isolation of Enterococcus (for each feed ingredient)

Number of Number of Isolated Number®? of

samples positive ratea)(%) Enterococci
Soybean meal 33 15 455 21
Fish meal 55 14 255 20
Poultry by-product meal 25 4 16.0 6
Pork and pouitry MBM® 16 6 37.5 9
Total 129 39 30.2 56

a) Ratio of the number of samples to the number of the test samples
b) Isolated up to 2 strains from 1 sample
¢) Meat and bone meal

WIZ, B SIT-IBERE O R % Table 5127, &b E0>7=DIX E. faecalis ¥ 20 T, &K
W E. faecium D 18 i CTh o 7. FRIOFEERITIX, KREM»NI2613 6 BEfE, BhiE ML
BN B3 T 2 B EES -, IBERE T Table 6 O X 5 ICHEEIC X 0 AR YRR 5.
AREHT L0 B S N EREENS B2 B WM BRI R 7ER, (BRoIhT s (E¥(E, o2
EORR, RXIREDOEERLEOEM) REDENVEHDLEEZOND.

Table 5 Number of Enterococcus spp. isolated from each feed ingredient

E. faecalis E. faecium E. hirae E. avium E. gallinarum E. casseliflavus g gp?

p.

Soybean meal 3 5 6 1 1 4 1
Fish meal 8 8 1 0 0 0 3
Poultry by-product meal 6 0 0 0 0 0 0
Pork and poultry MBM 3 5 1 0 0 0 0
Total 20 18 8 1 1 4 4

a) Judged " Identification to the genus " by Rapid ID32 STREP API

Table 6  Species of the genus Enterococcus and their currently known habitats®

Species Known habitats Human pathogen
E. faecalis Human, animal (multiple), plant, insect Yes
E. faecium Human, animal (multiple), plant, insect Yes
E. hirae Animal (multiple), plant
E. avium Human, animal (multiple) Yes
E. gallinarum  Human, animal (multiple), insect Yes
E. casseliflavus Plant, soil, human, animal (multiple) Yes

3.2 HEHIRES MR D R
B 39 M D A BE S VT IBEREE 56 B (L 3B B K 2 BRAvBE) O BEFIEZ R O fE R %
Table 712, MitE%Z R L72EHROFEAMZ Table8 12/~ L7z,
MIC T DFEBERRO LR NS TZIREDR/IMETH S, MICs KT MICy IZEINLE N

/T
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50 %} 1Y 90 %D HEEDIEE ZHIE L7z MIC THDH. MICep MEWIGAEIE, KEB ORI

(—MMPEE A HE L TWAEALH D) , MICs @ WAL, KEBS AL LT\ 5 &
WiTx2%. F72, MICg & MICso DIEAJAWVIGA L, MR HEM, &2 WL, mHEEmIC S
HEZLNDO.

Alal oy S - 2T OEBKDS ERFX, ABPC KON TS IZEZETH 7=, KM, EM KO OTC
WX DI ERIEE ILEFL E. faecalis T 10.0 %, 0.0 %M T8 15.0 %, E. faecium T 61.1 %, 33.3 %
&UN0.0 %, TOMOEFET 11.1 %, 222 %% V56 % TH Y, FHEIC KV mHEOB AT EVD A
AoNT. ZOMOEENTK U CTIXMERR 0~1 K TH 0, FHEWIZR LR -7,

Mtk 2R U7 IE E. faecium 25 11K Tl b 2o 72, 2 FHI~DOLHIMMERE L, E. faecium
T 6K, E. faecalis T2k, E. p. T2 THY, IFEAI~DOLHIMMERE X E. faecalis T LkH >
7.

Table 7 Antimicrobial susceptibility of enterococci 56 isolates from each feed ingredient
E. faecalis (n = 20) E. faecium (n = 18) others (n =18
MI C50 MI Cgo Resistance M C50 M Cgo Resistance M C5o M Cgo Resistance
(ug/mL) (pg/mL) Number (%) (ug/mL) (ug/mL) Number (%) (ug/mL) (ug/mL) Number (%)

DSV 64 64 1 50 32 64 0 0.0 32 64 0 0.0
KM 32 64 2 10.0 128 256 11 611 32 256 2 11
ERFX 1 1 0 0.0 1 1 0 0.0 0.5 1 0 0.0
LCM 32 64 1 50 16 32 0 0.0 16 32 0 0.0
EM 2 4 0 0.0 4 8 6 333 0.3 8 4 222
TS 2 4 0 0.0 8 16 0 0.0 2 8 0 0.0
ABPC 1 1 0 0.0 1 0 0.0 05 2 0 0.0
oTC 1 64 3 15.0 05 1 0 0.0 05 1 1 56

Table 8  Antimicrobial resistance patterns in Enterococcus spp. isolated from feed ingredients

: : , : Antimicrobial Kind of feed _ Antimicrobial

Kind of - feed ingredient Species resistance pattern ingredient Species resistance
Soybean meal E. faecium KM Fish meal E. faecalis  OTC,LCM
Soybean meal E. faecium KM Fish meal E. faecium KM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM, EM
Soybean meal E. faecium KM, EM Fish meal E. faecium KM, EM
Soybean meal E. casseliflavus ~ OTC Fish meal E. faecium KM, EM
Soybean meal E. sp. KM, EM Fish meal E. sp. EM
Poultry by-product meal  E. faecalis KM, OTC Fish meal E. sp. EM
Poultry by-product meal  E. faecalis KM, DSM, OTC Fish meal E. sp. KM, EM
Pork and poultry MBM  E. faecium KM

4 FEOH

Rk 30 4F 4 A DAL 31 4E 1 HETO 10 » A OIS, $RECL7ZEEHER (REH, M
B, FF% IV ROBEBIRGWER) 00l Lo EKE O FRE & R IEATIRIEIS & 2 3k
SRR 21TV, SEHEEHTZ 310 2 I BB O ZEHI MM 0 FZREH A 217 - 7.
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1) KRE»d, faf, TR I A LKOKBREAREHNOOEBEKREOSEERIT, ZhEh
455%, 25.5%, 16.0%M& (X37.5%Th 7.

2) HEREE O FEAE IS E MR & B E R C R D, KREM T 51k 6 FFE, O E)
W LSRR DX 2 EESDEE S . b 2D o - EEIL E. faecalis T 35.7 % (56
FRep 20 88) , WR\\NT E. faecium 7S 32.1% (56 £k 18 k) TH - 7-.

3) HAIEZMHERBROMBEIT, KM, EM KO OTC 26+ AMERITZENEN E. faecalis T
10.0 %, 0.0 %}% (¥ 15.0 %, E. faecium T 61.1 %, 33.3 %M (0.0 %, = DMOEMET 11.1 %,
222 %K UN5.6 %TH Y, HFEIZ LD MHEMM AR 572, ERFX, ABPC T TSIZXf L TlEAa
TOWERPEZMEZ R LTz,

4) MtEZ R L72EEIL E faecium 7% 11 ¥k E b %2 <, ZHIMMEREILX, E. faecium T 6 K,
E. faecalis T 3%k, E.sp. T2 TH -7z,

X M
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