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[Abstract] Objective To study the horizontal transfer mechanism of optrA gene-carrying linezolid-resistant En-
terococcus faecalis (LREf) among clinical Enterococcus faecalis mediated by plasmids. Methods Non-repeated
LREf from a tertiary first-class hospital in Kunming City from August 2022 to August 2023 were collected and iden-
tified by matrix-assisted laser desorption/ionisation-time of flight mass spectrometry (MALDI-TOF MS). Antimi-
crobial susceptibility testing was performed by VITEK 2 Compact, disc diffusion method and microbroth dilution
method, optrA gene was detected by polymerase chain reaction (PCR), molecular biology characteristics of LREf
was analyzed by whole-genome sequencing (WGS), LREf as the donor strain and clinically isolated Enterococcus
faecalis as the recipient strain for conjugation test. Results A total of 17 LREf strains were collected, optrA gene
was detected from plasmids of 12 LREf strains. Multiple resistance genes and virulence genes were detected. 12
LRE( strains were mainly ST16 type (50.0%). Among the 24 transconjugates in the conjugation test, 8 were suc-
cessfully conjugated, with a conjugation rate of 33.3%. Further analysis revealed that IS1216E insertion sequences
presented at upstream and downstream of the optrA gene on the plasmid before and after conjugation of strains, and
formed IS1216E- fex A-optr A-erm (A)-1S1216E-like transposon units. Conclusion The optrA gene can be horizon-

tally transferred among clinical Enterococcus faecalis by mediating of plasmid of genes carrying both erm (A) and
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fexA, and the insertion sequence IS1216E plays an important role in its horizontal transfer process.

[Key words| Enterococcus faecalis; linezolid; plasmid; optrA; whole-genome sequencing; horizontal transfer
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Figure 1  Flowchart for conjugation test and analysis of

optrA gene
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Figure 2 Distribution of departments and specimen sources of 17 LRET strains
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Figure 3 Electrophoresis map of optrA gene of 17 LREI strains

2.3 WGSZRWAMEZEF N

231 WHERA . FHER BB EA 12 #
LREf [ bk #5457 i 25 3£ K 15 B, Horb, operA L ter
(M) | fexA. Isa CA) #5747 K fe 85 (10020, H K J&:
erm(A) od frG, HEHF R0 91. 7% .83. 3% , K4
ME] ¢ friocfr(B) ., poxt A FP, HAR I 41 1 Fh i £
SR (aceagg . elrA) EEAMIRFE (sreA) EY)
TR I W BFS T 41255 P B JE X CebpBLebp AL ebpC) 55
FEN 20 R dg ) BRI, g 10 A~ ) R
CelrA.srtA.aceefaAfs.ccf.cob,cad.camE . ebpA
M epo) TEPTA B LREL sl kil 2], e 4h, 753X
LT ke rp A DU B A A5 M E R R G L Tn5251
A Tnolo BERE e 1 BRE & 9 ABC #5528
EEENN 29 MEOREMA. i m LRED i $

P GREad R En SHEERRESED HK
BMEZMR Tnolo M EERS PTS R HEH. WL
%1,

2.3.2 STEHpMMRAZREMER NH MLST
2.0 % TR B Y 4 5 DR 21 45 R 1T 4 BT, 12 Bk LREL
WA 432 7 Fp ST 74, Horpr ST16 g E B4R (L
50.0%), MEGA X R/ 8 m 12 # LREf #E17
RO R B A LA 4,

2.4 BARE 24 RIS THA S MRS TR
optrA KK ST B 5 Z KT AB 1 ST A —3, 4
Jg ST4, A MINHE N 30.0% , Hb 52K A #S
BIIA 4 Bk, 5300 R 3.5.7 17 G WA F 44
o A3 A5 AT A1) s 52 R B A B 4 B,
G367 17 O 2 F i 44 B3 .B6 . B7 .,



o R Y i 24 A 2025 4E 1 A 24 555 1 ) Chin J Infect Control Vol 24 No 1 Jan 2025 o 71 -

F 1 12 Bk LREf B AR AR 1E
Table 1 Characteristics of 12 LREf strains

2 WIRANEE b BER 8 optrA.aac(6”)-aph(2”) .ant(6”)-la.aph(3’)- elrA.srtA ace.agg.ccf.cob,cad,camE,
Ml isa(A) Isa(E) (nu(B) cerm(A) cerm(B) . ebpA. ebpC. tpx., efalAfs. hylA, cylA,
fex A tet(1) .tet(M) .d frG eyl cyiM

4 FRPEER BTSN I 8 optrA.lsa (A), ermA, cat, fexA, tet (L), tet elrA.srtA.ace.agg.ccf.cob,camE ebpA.
(M) .\ dfrG ebpC, tpx, efalfs, hylB, fsrB, gelE,
hylA . cylA . cyll..cylM,cad

6 ICU AE T 8 optrA.aac(6’)-aph(2”) ant(6’)~la.aph(3’)- elrA.srtA ace.agg.ccf.cob,cad.camE,
M Zsa(A) Lsa(E) (nu(B) cerm (A) cerm(B) . ebpA. ebpC. tpx., efaAfs. hylA, cylA,
fex A tet(ND .d frG eyl cyiM

9 WRANEE B R 16 optrA.cat, fex A tet(M) lsa(A)  tet(1.) elrA.srtA . ace,agg. ccfcob, cad,camE,
ebpA. ebpB. tpx. efalNfs. hylB, hylA,
fsrB.gelE cylA cyll.cylM

1 R A 187 43 26 400 8 optrA.ant(6”)-la,erm (A) ,erm(B) . lsa(A), elrA.srtA ace.agg.ccf.cob,cad,camE,
fex A tet(M) ebp A, ebpC, tpx., efalAfs, hylA, hylB,
fsrB.gelE

14 MaFEER P ER 16 optrA, aac (67 )-aph (27) aph (37)-1l . erm elrA.srtA.ace.agg.ccf.cob.camE .ebpA.
(A) Isa (A lsa (E)  lnu(B) ., cat, fexA.tet ebpC, tpx. efalNfs, hylA. cylA. cyll.
(M) dfrG.erm(B) tet(L) cylM . cad . fsrB,gelE

B17), SHREES T A BMl HFHER AEE L4 em(B).dfrG. lsa (A), ant (6 )-la, tet (M) F
R UARRERICAM 25 X0k Z W MR T fexA, MO 7EX 8 ¥R A TR DNA 14 6
R RRINNEUR . HrpxI R ey MIC Y MRS TR oprrA B oprr A PR I 45 SR
8 pg/mL.ACZIRE A BA 7508 N1 pg/mL WE S, SV ZIRE . S T Rm 25 %M KN
THE %2 8 pg/mL) . XF 8 HRiEA FHIM 25 LW 400 A ST 43I 3k 2,

BB & optr ASSHIN A T LR T Herm(A) |
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Figure 4 Phylogenetic tree of 12 LREI strains Figure 5 Electrophoretic map of transconjugant optrA gene
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Table 2 Resistance phenotypes, genotypes, and ST typing of donor strains, recipient strains, and transconjugants

Zg LZD PEN AMP CHL? CIPMIZ:i/mLL\iX TCY  TGC/VA/NIT S AN Ogg
1 32 2 23 =4 =8 =8 =16  <0.12/2/<l16 ST4  ant(6”)-la lsa(A) cerm(B) tet(M) -
B 1 32 4 21 >4 =8 =8 =16 <0.12/2/<16 ST4 ant(6”)-la lsa(A) erm(B) \tet(M) -
3 8 2 2 10 <=8 1 =160 <0.12/<0.5/<16 ST207  optrA.aac(6”)-aph(2”) .aph(3) -1l verm(A), ik

erm(B) \lsa (A)  lsa (E) | fexA tet (M) .dfrG.
ant(6”)-la, Inu(B) \tet(1)

A8 32 4 6 <t =8 2 =16 <0.12/2/<16 ST+ optrA.aph(6)-2") cant(6")-laaph(3))-Ml, ki
Isa(A) Lsa(E) Inu(B) cerm(A) cerm(B) | fex A,
tet(M) \d frG

B3 8 32 4 7 >4 =8 =8 =16 <0.12/2/<16 ST4 optrA.ant(6”)-la,aac (6" )-aph (2”) Laph(37)- J KL
Il cerm(A)  erm(B)  lsa(A) | fexA tet (M) lsa
(E)  Inu(B) .dfrG

5 8 4 2 1 =4 =8 =8 =16 <0.12/1/<16 ST16 optrA.aac(6’)-aph(2”)  ant (6’)-la,aph(3’)-  Jfiki
Il lsa CA)erm (A),erm (B), fexA, tet (M),
dfrG

A5 8 32 4 6 =4 =8 =8 =16 <0.12/2/<16 ST4 optrAant (67)-la, lsa (A) ,erm (A)  erm (B),  JhL
fexA tet(M) d frG

6 8 4 2 6 =4 =8 =8 =16 <0.12/1/<16 ST16 optrA.aac(6’)-aph(2”)  ant (6’)-la,aph(3’)-  Jfiki
Ml Lsa(A) lsa (E) | inu(B) ,erm (A) erm(B)
fexA tet(M) .d frG

B6 8 32 4 6 =4 =8 =8 =16 <0.12/2/<16 ST4 optrAant(6”)-la,aac(6”)-aph(2”) ;aph(3’)-  Fiki
Il cerm(A) Isa(A), fexA tet (M), lsa(E) . inu
(B) . dfrG.erm(B)

7 8 1 2 6 >4 =8 =8 =16 <0.12/1/<16 ST632  optrA.ant(6’)-la,erm (A),erm (B), fexA, tet  Jiki
(M) . dfrG.lsa(A)

A7 8 32 2 6 =4 =8 =8 =16 <0.12/1/32 ST4 optrA ant (6°)-la, Isa (A),erm (A), erm (B), Yk
fex A tet(M) \dfrG

B7 8 32 4 6 >4 =8 =8 =16 <0.12/2/32 ST4 optrA.ant(6’)-laaac(6’)-aph(27) ;aph(3’)- Yo fk

Ml cerm(A) lsa(A) | fex A, tet (M), lsa(E) ., lnu
(B) . d frG.erm(B)
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%% 2 (Table 2, Continued)

MIC(pug/mL)
LIa ST Tt 25 e
%%  LZD PEN AMP CHL® CIP ERY LVX TCY  TGC/VA/NIT fir &
17 8 2 2 6 =4 =8 =8 =16 <0.12/1/<16 ST16 optrA.ant(6”)-la,aac (6" )-aph (2”) ,aph(37)- T KL

Ml verm(A) | Isa (A) Isa (E) | lnu(B) | fex A, tet
(M) d frG.erm(B)

A17 8 32 4 6 =4 =8 =8 =16 <0.12/2/<16 ST4 optrA.ant(6’)-laaac(6’)-aph(27) caph(27)-  JfikL
Taerm(A) Isa(A) | fex A tet(M) .erm(B) .d frG
Bl7 8 32 4 6 =4 =8 =8 =16 <0.12/2/<16 ST+ optrAwant(6”)-lavaac(67)-aph(2")  aph(37)- ik

Ml cerm(A) lsa(A) | fex A, tet (M) | Isa(E) | lnu
(B) . dfrG.erm(B)

TE: AB M PIRR Z KT 5 LZD R FI 25 et (=8 pg/ml A 25, <2 pg/mL ABUE) . PEN A HEHERK (=16 pg/mL Hiif 25, <8 pg/mL
AR L AMP g & ETG A (16 pg/mL Wi 24, <8 pg/mL g0 , CIP HIRH IR (=4 pg/mL N2, <1 pg/mL Jy g . ERY N4 %
R (=8 pg/mL N2y .<<0.5 pg/mL RO . LVX W ZEFA R B (=8 pg/mL i 25 . <2 pg/mL N BUED  NIT Jy ki 2 H (=128 pg/mL
2,32 pg/mL AHIED . TCY KPR EK (=16 pg/mL A2 . <4 pg/mL HBUED . TCGC AFMIFEK (=16 pg/mL A 25 .<<4 pg/mL Ky
B VA Rl 8 R (=32 pg/mL A 2G, <4 pe/mL R HUED s CHL 5% 2 M B AR <12 mm A 2. >18 mm HHUE) s # FoR

WHOT R AR W0k s — FOR MR optrA.L

2.5 BAETREARAS>H  HiE—L 0 ik
AP0 oprr A TR 26 i 5K T 22 18] (8 7K 7 55 78 Bl
il e 3 S HA R S AR N Y A T A3.B3 #E 1T
JEOREHE R 20 2 BT o 3 - RO T SR 19 i PR 20 45 4 L
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Figure 6 Genome structure of plasmid of the donor strain 3
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