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Abstract; Objective This study was to compare and assess the accuracy of species-level identification methods for
Enterococcus spp. , and to understand the species distribution and antimicrobial susceptibility characteristics of Enterococcus
spp. collected of raw pork from a free trade market in Beijing. Methods By using matrix-assisted laser desorption/
ionization time of flight mass spectrometry ( MALDI-TOF-MS) and 16S rRNA gene analysis, the species of Enterococcus
spp. were identified, and the inconsistent results were further identified by API 20 Strep, 16S rRNA and 23S rRNA gene
analysis. Moreover, the susceptibility of isolated Enterococcus spp. to 10 antibiotics was analyzed at species level. Results

Among the five identification methods, 16S rRNA gene analysis showed 100.0% consistence with the final species
identification results, but the VITEK 2 COMPACT showed the lowest consistence of only 4.0% (1/25). The most
prevalent species in Enterococcus spp. was Enterococcus faecalis, accounting for 82.6% (71/86) followed by Enterococcus

hirae 14.0% (12/86). Enterococcus faecalis strains showed higher antimicrobial susceptibility than Enterococcus hirae to
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ciprofloxacin, tetracycline, high-level streptomycin and high-level gentamicin ( ciprofloxacin; y* = 10.751, P <0.01;

tetracycline: y* =3.865, P >0.05; high-level streptomycin: y* = 1.608, P >0.05; high-level gentamicin: y* =0.553,

P >0.05), but showed apparently lower antimicrobial susceptibility on erythromycin and chloramphenicol than Enterococcus

hirae (erythromycin; y* =20.244, P <0.01; chloramphenicol; y* = 14.139, P <0.01). Conclusion

The 16S rRNA

gene analysis and MALDI-TOF-MS have higher accuracy at species level identification for Enterococcus spp.. Different

species of Enterococcus spp. showed various antimicrobial susceptibility characteristics. This study was important for the

effective monitoring of drug-resistant enterococci spread and prevalence.

Key words: Enterococcus spp.; species-level identification; antibiotic susceptibility; resistant to antibiotics;

Enterococcus faecalis; Enterococcus hirae; raw pork; foodborne pathogens
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A T 4 BT 3 A G DR I ok T A K T S T 24 R A

TR, 4

—285—

Ui (9 BLAST T B 76 50048 %8 vh 647 17 9 L X, 450 e
7o F RS 25 SR Ry 2 A i 3K T T s R
1.2.3 245

2 18 [ I PR A S 56 % A v 2= 5% 2% ((Clinical
and Laboratory Standards Institute, CLST) #f 7 i 18 &t
W B 32 A RO N P bR (AMP) |
H & R (PEN) ZL% R (ERY) BN A (CIP) 3k
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Table 1 ~ Species-level identification of Enterococcus spp. isolated from a raw pork farm market in Beijing
T R MALDI-TOF-MS VITEK 2 COMPACT API 20 Strep 16S rRNA 23S rRNA Ty B A
D3-K3 el BR 1A ) 7B VEIDLY 75 £ 7EEN ] eI BR 1A By 782900 el R
DI1-E3 FE I BR 1A 12378231 k782N | BB ) Fe R B 7B
D1-K1 78 R 5 4 B BR MR IE (74.5% ) eI BR 1A eI BR 1A FE I BR T
D2-C1 A P BR A X 1 1R IR i Bk (78. 6% ) A P BR A FPAERE AR R
D2-K1 Ao L1 1R T o P Bk /U 0 M R R PR W B 1R (75. 7% ) A 1L Bk 1 AWPIAERE AR
W1-E3 A P BR A 137} 7829731 PRI IRTE (78. 4% ) A P BR A wIAERE AR R
W2-E3 Ze W R (e =] FEMh kT (54. 6% ) Fe W R Ze W R FE W BRI
W2-E4 54 IR Bk X Ji BR T /378285 58 T BRI SRR R
W3-El Ze W R A L BR T ) i Bk 1A (78. 6% ) Ao P B REMERE A Bk
R16-C2 %% 1 1 2R X 1 IR A MR A (54. 6% ) 2 15 Ji Bk 1 PR W 1R A 215 BR A
R16-E2 ZE W R A PR W B 1 MR ZE W R ZE W R A ZE W R A
Ikt BE A R R TR B 78290 PR 3R W IR B ERT By 782900 B R

T8 : o Fon P BFH Y ] BETE Y o5 50% 5 455 B BEAR T 80% Rom iz

PRI LA 25 Bk I BRI T S A ) 58 0 7 1%
BN EE R, WK 2, —FbE & & & MALDI-TOF-MS
F116S rRNA, DL & 16S rRNA F1 23S tRNA, £ 4 %
¥1h 92.0% (23/25), H ¥k i MALDI-TOF-MS #
23S rRNA , f54 % K 88. 0% (22/25) ; — Bk F K 4
2 VITEK 2 COMPACT #1 API 20 Strep, LA & VITEK
2 COMPACT #1 23S rRNA, £ & £ ¥ K 0.0%
(0/25) o M %58 45 R A L, 16S rRNA 4 i
5,k 100. 0% (25/25) ,VITEK 2 COMPACT £5 4 %
AR AN 4.0% (1/25) , {HA3HE B #Y )2, VITEK 2
COMPACT ¥ W2-E3 %5 A% X FLERE, W TR
KT B S R

S5 0T BE 5 i RE SR U SR B A S Q1-C1 45 14 BRI
F 225 BRI ERTE FIOK U2 5 B AR R %
Table 2 Coincidence rate of species-level identification for

25 Enterococcus spp. strains

Wy ik API20 Swrep 168 tfRNA 23S tRNA Wi Bl
MALDI-TOF-MS  68.0(17/25) 92.0(23/25) 88.0(22/25) 92.0(23/25)
VITEK 0.0(0/25)  4.0(1/25)  0.0(0/25)  4.0(1/25)
2 COMPACT

API 20 Strep — 68.0(17/25) 68.0(17/25) 68.0(17/25)
16S tRNA — — 92.0(23/25) 100.0(25/25)
23S rRNA — — — 92.0(23/25)

H APL20 Strep 453 HUHR K045 B8 004552 45 S s — R TR
2.2 bt A BT g 2 S A DN Mo B B4 Bl K F o
Aii 45 ik

MR 2 5 5 5,86 BRr S A b BT 4R BT 436
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BE RN AR R R B i BK R T, FE W BR A L 82. 6%
(71/86) , Z i Bk 5 14. 0% (12/86) , bR 1 Bk
hi1.2% (1/86) , SRR (5 1.2% (1/86) , % [H
WAEk i 5 1.2% (1/86)

At 5 i 4R BR T A Bl TR TR A OR TR Y 29 BRI
BRI, 25 BRI 89. T% (26/29) , A 1 BRI
10. 3% (3/29) ; 55 BEUR PRAE 5 OR IR AY 14 #k 3 4 3
SR BREA 5 V5 K BE SRR 1 21 BREE P, 28 i BR
i 61.9% (13/21) , A Hr B BRI 5 28.6% (6/21),
PR Jin 3R AR 52 R BR AT A 4. 8% (1/21) 5 A B A%
AR IR0 22 BRE , 2 Bk 5 81.8%
(18/22) , Zhi sk i 4 13. 6% (3/22) , 2 BR
hi 4.5% (1/22) o 15 7K FAE 685 DA rb g Bk 68 b K 7
22 W v T B35 B R M T O AR
2.3 bt i A BT 97 A A TR I R T R K P T 24
FRE

FEAZ XY 10 Bl AR 2 e, 71 Bk 28 B 3K A XF
TET .ERY .HLSR ,CIP HLGR FI CHL [#Tif 2 3% 43 5
k1 69. 0% (49/71) 52.1% (37/71) .35.2% (25/71) .
29.6% (21/71) 26.8% (19/71) F122.5% (16/71) ,

JT A 521 2E W BR A R AR XT AMP PEN (DAP #l VAN
Ptk W2 3, AT LA TET 4] 50% 523 i
AR BT AT U R WL (MICy,) >32 pg/ml, B & T 1
2T 8, UL TE 10 Fpz ik R b 28 ER B X TET
it 245 5 Jy = 8 ., CIP ERY ,CHL HLGR F1 HLSR #J
il 90% 32 it P ik A= 4 T 5 Bt A= vk B (MG, ) #
T 247 81, LB BR X LA B 5 bt A R
WoR et . 323 R L B R A 26
B, 7T 32 R R A BR TR 1 36. 6% (26/71) 47 8 Bk
e ER AT 52 6 Bhpik 2, i 253 5 ERY-CIP-TET-
CHL-HLGR-HLSR,

12 ¥k 7547 1 Bk B %) CHL  ERY [ TET (% it 24 %
A5 75.0% (9/12) .58.3% (7/12) F1 41.7%
(5/12), %f CIP, HLSR #l HLGR [ fif 2§ % 35 N
16.7% (2/12) W3 4. Z50 A 1 #kor &8 A A 54
TR B4 A P Bk T X DAP it 25, 12 kR A B BR B
H1,33.3% (4/12) [ B ¥k X 3 R K DL b A K it
2y Hod 1 BRAT S A M T TR R RE S Y D2-C2 Xt 5 Fb
Pt A R mt 2, it 25 3% 4 ERY-TET-CHL-HLGR-
HLSR.,

F3TLMRIEHERB X 10 R AR AT 25 45 R 0 A

Table 3 Analysis of antibiotic susceptibility to 10 antimicrobials of 71 E. faecalis isolates

bR 125 L L MIC {5 [/ ( pg/ml) MICso/ (pg/ml) MICyq/ ( pg/ml)
R (% ) AR (%) R E(% )
AMP 0(0.0) — 71(100.0) <0.5~1 0.5 1
PEN 0(0.0) — 71(100.0) 0.25 ~4 2 4
ERY 37(52.1) 31(43.7) 3(4.2) 0.5~ >8 4 >8
CIP 21(29.6) 35(49.3) 15(21.1) 1~>8 2 4
DAP 0(0.0) — 71(100.0) <0.125 ~4 1 2
VAN 0(0.0) 0(0.0) 71(100.0) <0.5~4 1 2
TET 49(69.0) 1(1.4) 21(29.6) 1~>32 >32 >32
CHL 16(22.5) 5(7.0) 50(70.4) 8~ >64 8 > 64
HLGR 19(26.8) — 52(73.2) 250 ~500 <250 >500
HLSR 25(35.2) — 46(64.8) 500 ~1 000 <500 >1 000

I :—# 78 CLSI M100-S25 3C:3 2D i JG v 4 ) s vfe

4 12 BRA PG ERE X 10 P2k 2 A 25 45 58 /0 b

Table 4  Analysis of antibiotic susceptibility to 10 antimicrobials of 12 E. hirae isolates

i A~ B
BiER ﬁ*gﬁ%) **';;'(%) ﬁ*fif“f%) MIC 38 [/ ( pg/ml) MICsy/ (ng/ml)  MICyo/ ( pg/ml)
AMP 0(0.0) — 12(100.0) <0.5~1 0.5 1
PEN 0(0.0) — 12(100. 0) 1 ~2 2 2
ERY 7(58.3) 0(0.0) 5(41.7) 0.25~ >8 >38 >3
cIp 2(16.7) 2(16.7) 8(66.7) 0.5~ >8 0.5 4
DAP 1(8.3) — 11(91.7) 1~8 2 4
VAN 0(0.0) 0(0.0) 12(100.0) <0.5-~1 <0.5 1
TET 5(41.7) 0(0.0) 7(58.3) 1~ 532 532 532
CHL 9(75.0) 1(8.3) 2(16.7) 8 ~ >64 8 64
HLGR 2(16.7) — 10(83.3) 250 ~500 <250 > 500
HLSR 2(16.7) — 10(83.3) 500 ~1 000 <500 >1 000

T :—F/R CLSI M100-S25 SC4E3 2D A 76 A ) 5 i
FEWm Bk X CIP [ 245 38 5 T A Ll BRI, 22
S Y3 E X (¥ =10.751, P <0.01); TET,

HLSR #l HLGR (i 2 % /&5 T 4 b 3K T, 5 25 S5
To gt 2% 7 X (TET:y* =3.865,P >0.05; HLSR ;
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x =1.608,P >0.05;HLGR:y’ =0.553,P >0.05),
B2 ER T X ERY Al CHL B9 1H 25 R IK T & B
BRIE, 22 5 A 40 % B X (ERY: y' = 20.244,
P <0.01;CHL;y" =14.139,P <0.01)

15K ES IS G BRI W2-E4 Xt fiir 47 10 Ff
AR BTAE R I BUR, TS K IR R I BR T W3-K1 A1 A= i
B ok B % I B BRI R16-C2 (1 it 25 3 24 ok
ERY-TET,

3 itig

A [6) ol e i K T 04 3 A1 R B0 T 3 A KT
RFIE A R 22 5, TR G T i AN [) 35 5 e B Bk A T
& 43 A, 6 T8 5% 1 245 1 Bk A1 1) O A T R A R A%
WA EAE LR L, R, L 5 i BRTE 0 B oK 7 45
TE T B — R A 2% 0 A B A AR M DL
JEL T T P M g SR A R AR
PCR §" 34 F1 16S rRNA U 7 #H 45 6 X [ 3K v FF Jie i
KOS58 B R SS PCR H A= BR T LA H UL
BREE, FLA7 e — @ AR R 9 I 2 7 e bk | ofe
Ty AL oAb 3L o K T S TR

ABEFEAE FH I 5 TR B R %8 T ik & A
ot 5. MALDI-TOF-MS & & F 5 i & W Ff %,
HRE PR REAE D o P R R R A R
St e S, AR IE S AR R Z BRI, VITEK 2
COMPACT %78 A 2h 1k 8 B &, 3 H T I 3k B Fhok
U E M R K. A BF S, A VITEK 2
COMPACT %3¢ i BR B 0 1R RN 4. 0% (1/25) ,
53wk A E S M L, X AT fE 2 BT OVITEK 2
COMPACT J&: AR 4l — 22 A= 4k F 07 45 5 % 2 w1 F,
TR R AE B 5 1 B v 2R A RE PR R AR AR, SR R 3K
YELEIRANIR . APT 20 Strep 285 4% BUAR 5 45 2R
HERf AR R S U R A PR, e T2 ek R
J R A A B M BR T L R K B S XS i KR L S
¥k R 4 6 Rl Bk R 48, BT T#ER 2 A
B 7 kb A ARG , AE AR R P th B TR £
(28.0% ,7/25) W] GE M a2 45 5. A7 SOk R,
16S rRNA J7 51 3 L) 8 28 iz BR B A0 DR i Bk 1 1X 4, 17
fd 1] 23S rRNA BEAT 7 BRI Rk P % o (H A HF
TR A ,16S rRNA JF 51 434 % iz BR TR A HE B 1) IX
3B s IR, D0 B M BR T ol K P S e 2, B
MALDI-TOF-MS F1 16S rRNA J¥ 51 43 §7 $5 A % W Bk
PR EAT AR S A, AN — B 45 S T At vk
#E— 2N

b5 i A BT 3 AR R PR TR 3K A R, 25 Bk
XS R E AP ERE , LA T 1 FRR
PAEk A X — 25 AN 5 sh Wi A B 2 B B

0 B W BR T b, 2% 0 R A DR BR R R AR
PR AR T R AF . 2014 4R o [E 40 6 T 24 1k
W I R A Y 6 891 ki BR T v, 2 i BR 1 A BR
BRI 4 9 5 45.4% F 48.1% , Ho Al Iy Bk & 5
6.5% ", {HAE [ BRI K RE S b 4 5RO
34% FEMAER A 5 25% , 58 [CIAEREA A7 15% , B Bk
FEAL A 5% o B8R [R] S JERE S rP M BK A B
JE A AR REAE R[] 1 L, A 5% v ok TS K R AR
FRMAERE Bos TR KER ZH, X iS5 h
Gy R85 TE 00, 15 KR A B g R TS L i iR Z R TE A R

MR B %F CIP  TET .HLSR 1 HLGR B 1 25
R T P ER S, (H X ERY F1 CHL f 7iif 25 %
BT A B BRI, JCHE X CHL AT 24 R % T
FRAERE . SN EEFPIAERE IR LT 1
XF DAP i 245 (%) iz BK AT, 2 3 R 27 U A i 2 6 A 4
7N A e LN i S T A B BR A I 245 M. 2014 A
P 2 R T 24 W D) 4 T A S O 2 BR R
A R i 25 2B AR T R EK B, (H X5 CHL /9 ifif 24
Bm TR W BRI, 25 I BR R AR B 2K 5 34 %P HLGR
RPN BT 25 R H AT Y Ah B 26 BR
FBR iz BR TR LA A1 i 3K TR A T 245 M 0T 5 420, AR A
FEH 3 B I 52 B o BR T R 2R [ M BR O 08 R B PR
SR T 245 7

AHEFE VE M A EE B T W BR B b K P R SE aE
D7, W10 R T b mt T AR BT 3 I R A R R A A
FRAE, 34T T AS [ B B R BR7 14 TS 25 R A0, A 8
TR TR 245 i BR T 00 77 A AL 3% B8 T JE ik B A
5B

S % 3k
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