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Abstract: [Objective] This study aims to evaluate the antibiotic resistance and transmission risk of Enterococcus
faecalis (E. faecalis) in the pork production chain. [Method] A total of 300 samples were collected from the
surface of live pigs, carcasses, and the environment in 2 pig farms, 1 slaughterhouse, and 2 markets in Hangzhou,
Zhejiang. The strain identification, antibiotic resistance phenotypes, resistance genotypes, and virulence
genotypes were performed by 16S rDNA sequences, broth microdilution method (MIC), and PCR. In addition,
multilocus sequencing typing (MLST) and conjugational transfer tests were conducted. [Result] The 125 isolates
of E. faecalis showed high resistance to antibiotics such as tiamulin, tetracycline, and doxycycline, and the
isolates from pig farms showed higher antibiotic resistance rates than those from the slaughterhouse and markets.
Ten antibiotic resistance genes were detected in the 125 strains of E. faecalis, and the detection rates of optrA,

tet(M), tet(L), and erm(B) were higher. The detection rate of antibiotic resistance genes followed the trend of pig
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farm > slaughterhouse > market. Among the virulence genes tested, efad was the most prevalent, followed by
gelE, asal, ace, cylA, hyl, and esp. Overall, the detection rate of virulence genes was the highest in pig farms,
moderate in the slaughterhouse, and the lowest in markets. MLST results indicated that horizontal transmission
was the main mechanism for the prevalence of optrd in pig-derived E. faecalis in Hangzhou, Zhejiang. The
results of conjugation transfer tests showed that optrd in 12 pig-derived strains could be transferred to the
recipient strain JH2-2 by plasmid conjugation. [Conclusion] The antibiotic resistance and transmission risk of
E. faecalis in the pork production chain are assessed, which provides a theoretical basis for ensuring the safety of
meat products.

Keywords: Enterococcus faecalis; pork production chain; antibiotic resistance; antibiotic resistance genes;

virulence genes
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Table 1  Primer sequences for MLST of E. faecalis
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F: GATTTTGTGGGAATTGGTATGG

gki 438
R: ACCATTAAAGCAAAATGATCGC
F: TGGAAAACTTTACGGAGACAGC

aroE 459
R: GTCCTGTCCATTGTTCAAAAGC
F: AAAATGATGGCCGTGTATTAGG

xpt 456
R: AACGTCACCGTTCCTTCACTTA
F: CAGCTTAAGTCAAGTAAGTGCCG
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R: GAATATCCCTTCTGCTTGTGCT
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Fig. 1 Antibiotic resistance rate of E. faecalis in each link
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Fig. 2 Heat map of E. faecalis multidrug resistance in each link
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Fig. 5 Detection rate of virulence genes of E. faecalis in

each link
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Table 3 MLST typing results of 30 E. faecalis strains with

optrA gene
bk G B 7 ST Y

F1-2 optrA ST714 4
Fl-6 optrd ST714 %4
F1-19 optrd ST506 %Y
F2-46 optrd ST618 %Y
F2-51 optrA ST167 %4
F2-68 optrd ST480 %Y
S-8 optrd ST714 %
S-44 optrd ST75 1
S-78 optrd ST744 #4
Ml1-2 optrd ST506 %4
Ml1-14 optrd ST631 %Y
M1-17 optrd ST116 %4
M2-63 optrA ST632 ¢
M2-71 optrd ST452 #4
M2-79 optrd ST69 1Y
F1-20 poxtA ST100 %Y
F1-28 poxtA ST16 %!
F2-69 poxtA ST287 4
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F2-50 optrA+poxt4 ST256 4
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M2-110 optrA+poxt4 ST727 4
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Table 4 Conjugational transfer and antimicrobial susceptibility

of optrd-positive isolates

g5/ TR 5T K B /(pg/mL)
! K LIS
iR

LR 7R T Re N TP A
T e wm owm
F1-2 1 64 8 2
F1-2-JH2-2 >512 32 >512 2 4.3x10°
F1-6 1 32 8 4
F1-6-JH2-2 >512 32 >512 4 3.2x10°
F1-19 1 128 8 16
F1-19-EC600 >512 32 >512 8 5.8x10*
F1-34 1 32 8 8
F1-34-JH2-2 >512 16 >512 4 4.6x107°
F2-46 1 32 8 2
F2-46-JH2-2 >512 8 >512 2 6.8x10°°
F2-51 1 512 8 8
F2-51-JH2-2 >512 128 >512 4 1.2x107°
F2-68 1 64 8 8
F2-68-JH2-2 >512 32 >512 4 4.7x10°°
S-44 1 32 8 8
S-44-JH2-2 >512 16 >512 4 2.3x10°
S-78 1 32 8 4
S-78-JH2-2 >512 16 >512 2 7.2x10°
MIl-14 1 32 8 2
M1-14-JH2-2 >512 8 >512 2 4.3x107°
M1-43 1 64 8 8
M1-43-JH2-2 >512 16 >512 4 3.2x107°
M2-110 1 128 8 8
M2-110-JH2-2  >512 64 >512 4 2.6x10°
JH2-2 >512 4 >512 1
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BT BRI ZFL-19, 4
5.8x10°*; 6 B M R f IR ) /& S-44, L4 2.3x10°
SR KW, FURL VB G FE R B3 n AR E 2R
E TR 24 5 DR 1R 7K 1 A% 4, DR G AE TR B L 5 V18
Ve AE RN A B I O AR TR, RV TR M T I T 24 R
DA AT i 3l o 2 & %% A% 1) 7 2UAH B AR % 38 A X
HY, RS N REE . M 12 tkiES T M
JH2-2 3EAT 25 W) BB VAR I, 45 R 3R B 32 & 1 5 91
BN [t AN S| I S 7 /U O 7 2 <0 e
optrA i 2 3 K 78 52 74 1wk b ] R 45 H Dy e
3 ik

2 A 300 63 4% A I FE T 20 88 3 5E 125
PR FE N7 BR 1A, o0 FL R Y 55 0 R R gk A7 % 5, R I3
W 3K TR O 4 R A 7R B TR R B DY PR R LR BRI B
W R e R LA R B AR 2 2.
% B 251k G, Hmg 245 M ™ R AR R 7R
¥ B E T . optrd.fexA tet(L) tet(M) .
erm (BOTE 3N R H s R th % . 5 )%
DR 7 5 25 SRR B, efad [P AS HH 2 B s esp K, H
K2R E TR b e R s T B S i A
. MLST 7 81 3 B, 7K 1 A% 3 A2 0% W e i 255 i
24 K] optrd 78 Wi VL A8 BTN 1T 4% U5 38 i BR O R
T FENS . GBI R, 50 Hkr
optrA FE R AL T R b, fg 18 1T 42 & % 7% 76 18 Ak 8]
HEAT K AL FE o 20T F0 R B 08 Y 2 4 7RO
Ps Sk AT ¥ ), HRE 0 5 MR B, DA SR fR B AL )
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