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Isolation, identification, and drug resistance of Enterococcus from
captive Chinese monal (Lophophorus lhuysii)

CHEN Fangshan!, FENG Shaohua!, DING Xiaobao!, LUO Wei', CHEN Li?, LI Wanhong?,
MA Hong?, ZHANG Long2, WU Bangyuan™!

1 Key Laboratory of Southwest China Wildlife Resources Conservation of Ministry of Education, College of Life
Science, China West Normal University, Nanchong 637009, Sichuan, China

2 Institute of Ecology, China West Normal University, Nanchong 637009, Sichuan, China

3 Administration Center of Fengtongzhai National Nature Reserve, Ya’an 625700, Sichuan, China

Abstract: [Background] The Chinese monal (Lophophorus lhuysii) is a protected wild bird
endemic to China, with a declining population due to human activities and diseases.
Enterococcus, a genus of common conditional pathogenic bacteria in the nature, is known for
strong drug resistance and difficult treatment, posing challenges to wildlife conservation.
[Objective] Therefore, it is necessary to pay attention to the enterococcal infection or carrier
status and study the characteristics of enterococci in order to better protect the Chinese monal
population, which is of great significance to the survival and protection of Chinese monal
population. [Methods] Fecal samples were collected from captive Chinese monal at the
Fengtongzhai National Nature Reserve in four different months of a year. The bacteria were
isolated and then identified by morphological observation and biochemical and molecular
analyses. Additionally, drug susceptibility tests were conducted to assess the resistance patterns
of the isolated strains. [Results] A total of 17 strains were successfully isolated. These strains
exhibited grayish opaque colonies with smooth surfaces and diameters not exceeding 1 mm on
the culture media. Positive results were obtained for the sugar fermentation test, and bile esculin
hydrolysis test. Negative results were observed for the catalase test and gas production test. All
these characteristics aligned with those of Enterococcus, and 16S rRNA gene sequencing further
validated the result. The strains of Enterococcus from Chinese monal showed strong resistance
to tetracycline, ciprofloxacin, norfloxacin, and levofloxacin. [Conclusion] We successfully
isolated Enterococcus strains from Chinese monal and comprehensively analyzed their drug
resistance. The findings reveal the current status and drug resistance profile of Enterococcus
carried by Chinese monal, giving insights into the disease prevention and protection of Chinese
monal.

Keywords: Lophophorus [huysii; Enterococcus; isolation and identification; drug resistance

% J2 0T HE (Lophophorus Ihuysii) X FR DUEE  CRIPX—BiASY st CR4 R OR3P T A
A JEXG KoY, SRR T BRI AR, ERWITR. HEANTRFBRET, SR
EER—RE SR E Y, B8 CITES S MFTEFECRTIARM B4R TS, — e T2
ABE 1, IUCN £ A fa gl FRag Rar e S e Bk, 59— m, WEN
KWLk, mFoERA. MEMMIE. AR WIRBEHREERJMNES KA, WERE
KEMBERFHEER, HMHEEAR TR, b R AR RECER) TR R .
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J1 Bk 1 (Enterococcus sp. ), J& THEER R
KR, TERRA DTz, FEFETEAN
Mz iaN B MiGES, FEE AR, &
SR IR AR, BIARTE A R R sl Bp [# TR 1
WA ERAEAE A AL TE N LA A R, 2518
FHURRE R A£G, RZBUE NN
JoE, H41E F s 1 RS e, A
SRELAT R A P BRI g R 2, HE, F5R
T, Wk e Bow v S A 1 5
YIAESG, nH A R E R R Ace )
WHER A 2= 15 il . RS A, 51k
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M R S 5 R MM AE , 40 MR Cyl
23 21 20 B s 0 i i B4 1. 2022 4R b
TR MY AR Sl Wy bl e IR — RIS A BRI SR IE T,
HHE R A i BR % BR 1 (Enterococcus faecium) 5]
A2 A PR, QR B AR Bh i 0 LR B
I W A= 20 W) i 3K O e s 485 A A 0 ) B R
BRM [y, FEEDUERQWA, HEKE D
Tk 245 Pk AR A B R i, 3 I 2 E 2 A
Pho 2015 4F 7 £ 0 1) B A A5 20k e BT 43 15
7B vanA SRR T T EE R T 2 IR sk i U
2022 4 5 KA v B Mg R r [ 52 8 el X B A S R
NP7 5 3 09 70 B W AR AT 25 0T, LB
GBS A8 BREART A 9 HR(18.8%)%f /b —F
AR AEm 2N,

R — R BB, 2
2P BT 2B A S I BN, AR R AT HEAE
J R EFEA MR A S, R AR IR
BB o PR, AR R B AN ] ) ) & B2

HESEAE X H AP A R R AT B, I
2y B E AR I IR 2515 00, LA 2k R L
HERER R IR PR I 25 1 2%, )
I D A3 JE TR Sk R M HE AR AR DL 2R W IR
55 A0 TR i 24 T 5 B R SO

1 MR5r%

1.1 #&

LR 4R 7 AR 12 H X0 A 2E
FE R G F AR ORAP DX A 3P v 1 55 114 2t Jg T e
TP TORE R A 5y, 4 H 44y, 7 H 445,
12 7 4 6y), 1RA7%2-80 CHBARIRIKAS
1.2 EFE. FERFIMUEE

WAERTE R 7 . B3R B EE R . MH B
f&, & REHMAYWHARGRAR., BEEE,
RV ARGRIEAR; N &
TR JoKBEER A B . JoKFLEE . D-JC/K A
MG R, RIBE AR IRA A
AP L2 DNA Pl &, 4 TAEY T
PRI A A BRA W] 5 1 BR A G A %65 2 151
B, BUNEMBAE YRR A BRA A 25,
BN P00 R )

SERE I FIRR AR, R R AR
J 7 B TAER, BN ERESSEARERAF;
HUAE VRIS R4, i —TE R AT FRA v 5
AR VKAS , FEBR CHRBHE A A St B
B, Leica A Hl.
1.3 HEMSE. 4

W R A 1) 2 2 e R S (S B2 D T A BR TR 1R
Hi, 37°C. 200 r/min 3451557 24 h, PR R
A 2 AR A BRI SRk | 37 °CH5 5% 24 h,
I T VR PRk e 2, A 4lifl 3 k153145
B
1.4 HEMESEWER

A&

WS B I B PO S HRE , FAIRIFIE %
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R, PIRKHRIFEE THEE R E
M) —i A BRE K R R R 5, BT KT kMG
o, BESENIE, S8R, MUK
WYL 95% L REML ., T EEY)E, Aok
2 AR T SR AN T S S AR IE S B, I
fAlId R .
1.5 HEMELERE

R 45 1 BR AT 110 A= A0 AR P 15 A O iy .
KBTS . AR B il I AR - et
AR, X402 T AR 19 25 AL Rk R A 7 A
WL 2 0] FF e s 5 SR 08191
1.6 HAENTFENFERE

YR DNA (428 #4555 24 h AW T
4°C. 5000 r/min B.0» 5 min JUHEMS RN EA, ff
FHANTA LN 41 DNA s 48 3 50) 6 B2 ot 7
) DNARY, DI4RELH) DNA Rtk , A 16S
rRNA FE K A8 549 27F (5'-AGAGTTTGATC
CTGGCTCAG-3")F1 1492R (5'-TACGGCTACCT
TGTTACGACTT-3")i#417 PCR #"44, PCR S )i
K& . 2xTaq PCR Master Mix 12.5 uL, 1F. JZ
)5 (P B2 10 pmol/L)#% 1 pL, #&kR 1 uL,
ddH,0 9.5 pL.PCR JZ )W 2514 : 94 °C 4 min; 94 °C
I min, 55°C30s, 72°C90s, 32 ME¥H; 72 °C
10 min, RG5> W, B W2 1%50E
R e HL SRS I (120 'V, 30 min), i 3 BRI
1% Z G K PCR 724,

16S rRNA LK 751 4347 - K GA& 7= ik A=
TAEY AR (R ) I A7 BR S wIEF Tl 7, 45 51
% NCBI B4 2 BLAST #E47 ot , M4 bk
FER P15 GenBank HE v M B A 1 AR (DL AR
FE, DA R AN R
1.7 HEMZAEIRE

225 32 [ I IR 92 58 = bR ME AL P S TR 1Y
Kirby-Bauer 40 ¥ 7k, X431 B AR A 7 251

TRIGRA KR R AR S TR VRO G B A B R K
Wik 0.5 MM SR T MH 35574 1,
A3 0K 12 R A 2540 R U MH Biig 15 57
Ferf, 37 °CH5 3% 24 h, WEEHFiC M A BB HAR .

2 ERE55M

21 SEEHISELER

KA 17 Oy 2t ol vh B 2 4 2 H bR
kR, B0 1 A 5 kR, 4 Aty 4 ¥k, 7 Ay 4 ¥k,
12 4y 4 Bk
22 PDEEIESESHE

NG R AT A v 7y B 5 55 S O Al A ] 1
FioR, ¥ B MR EEAD T M BRI B AR 85 e A 3k
1, FRRILSERME 1A PR, EERRE
AWE 1B FR, BEHIKAEAEN . REDE
. HARTE 1 mm NERIEHETE .

A T B AR TR 2L R, JF
2 AR TSR . IR RIS A el et
R B, TSR EIE SN EIE , A
BN B BEARHES (A 2)

XF 17 BRG3 ES GRAR Y TRV FH D AR SR
B RGET, B R 5 I ER AL SR AEXT L,
1 22 BT AT 53 5 TR MR B REAE 5 A 3k TR — B

1 DEEKRNEERS A Pk, B
FEHEAZ 90 mm; B: WHKHMAEE.
Figure 1 Colony morphology of isolated strains. A:

Plate drawing, medium diameter 90 mm; B: Colony
amplification.
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Figure 2 Staining results of isolated strains (1 000x).

23 DEEMNELIFHEESER
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HZ AN TR 1T LA ffaX 3 Rl , O 4R35k

*®1 DEENRBDEE

PR s oA et AR, UEIIZ A I o RS
AT AR, ROEEE S M s A A e
T E A EE WA A S, Ul A TR R = i
i E A E I EE, O AR B s AR
VI e S 1 AT 2 L S ) RS = Y )
G, RN A5 S BAME o AR A b B iy i e 4
R, 2% (ARRANE %€ T HIW 17 tko
B Y JE T Bk % & (Enterococcus) !

V25 TR PR IO TRV I B 2K TR 2 5 25 o i 7
Brh, BEFE 24-36 h Jo AR A B AR fb 5
WoREEIR, Z2F Rk RER, XERmERE T
PRI T 508 BEit 5 R R, 76 17 bR B R,
12 #k M 2E 5 BRE (Enterococcus faecalis) (4ifi
1227, 1327, 1627), 1 ¥k N R ERE
(Enterococcus hirae) (Zsfi% -k 1106), 2 # M HEK
# PNS-E3 (4t 1127), 1 B9 K i (5
H1406), 1 BRI I ZRBY (iR 1226) (G5 1),

Table 1 Coding identification of isolated bacteria
Number PYR V-P  f§%{# DPP PMG MAG TMZ #if} (i3 S TE L TR E S
Arginine Mushroom sugar Sucrose Sorbitol Coded result

1-1 + - + - - + - + + + 1227
1-2 + - - + — - - + + - 1106

1-3 + — + + - + — + + + 1327

1-4 + - + - - + - + + - 1226

1-5 + + - - + - + + + 1227

4-1 + 4 _ _ + — + + + 1627

4-2 + - + + - + - + + + 1327

4-3 + - + - - + - + + + 1227

4-4 + - + - - + - + + + 1227
7-1 + - + + - + - + + + 1327

7-2 + - - + - + — + + + 1127

7-3 + + + - + - + + + 1327

7-4 + - - + - + - + + + 1127

12-1 + - + - - + - + + + 1227
12-2 + - + - - + - + + + 1227
12-3 + + — — — — — + + — 1406
12-4 + - + - + + + + 1227

+r MO O A —

SR BAME g 2 AR AR R BRI

2l % 45 2R S T 32 A T A R S

GURMTIMAGE T, THAE T AE R AT SRR E IR

+: The strain is positive for this agent; —: It is negative. The coding results are weighted statistics of all reagent reaction results

of this strain, and the coding results can be calculated by reference to the search table to determine enterococcus species.
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24 DTEENSTEVNFEEER

GBS RPRZ: PCR 97113 211 16S rRNA S
A BEAE 1500 bp 4b B 5%t , anl&l 3
fis o XA 2] 16S trRNA FE[H 741 5
NCBI ¥4 i v BLAST 2B #EAT X, Siit4&
ST EFERREE N 75 5 GenBank H BT VR AR
AEALL R BE (Per.ident fH), #fINE RARBIFISS, 45
RAN 2 FiR.
2.5 4y EE AT 20 FFIE

XA AR TR, SR BN, T
AWM NI, HHER. THERNEAGEER
PR AgUER, Hod 15 BRXTDURRE N2, 11 BRXT
WNE  ZEHIDE . RV 224G, 1A,
SR ML N Z IR | LHRF
o B A TR R B A 245 (3 3)

3 Wik
o ER TR AR DAy Jo 3 PR A7 B — 2 4T

R2 DTEMFLEEER

Table 2 Molecular biological identification results

3 B EE PCR EEL R IKE
Figure 3  Electrophoretic map of PCR identification
results of some isolated strains.

Xt i 5 M 1 PN )RR A — S RIRAE
PGB Y BAERE SR 25T, Wl fE
o BRI B O B B EUERY GO, W4 1E 5
RN BRI PR, 16 ESmEkRZ
[ 1 3 A P PR S A TR, AT 3 0 BR Ry 5
T I8 5 G AR T RS AR A A 2 2 8% 3 ik

[esl7 =R PR Per. ident (%)
Strain number Type of strain

1-1 Enterococcus faecalis EnGen0336 strain T5 100.00
1-2 Enterococcus hirae strain FDAARGOS 234 97.50
1-3 Enterococcus faecalis EnGen0336 strain T5 100.00
1-4 Enterococcus faecium strain SRR24 98.46
1-5 Enterococcus faecalis EnGen0336 strain T5 100.00
4-1 Enterococcus faecalis EnGen0336 strain TS 100.00
4-2 Enterococcus faecalis EnGen0336 strain TS 98.88
4-3 Enterococcus hirae strain FDAARGOS 234 99.90
4-4 Enterococcus faecalis EnGen0336 strain TS 100.00
7-1 Enterococcus faecalis EnGen0336 strain TS 99.24
7-2 Enterococcus mundtii strain DSM 4838 97.03
7-3 Enterococcus faecalis EnGen0336 strain T5 100.00
7-4 Enterococcus mundtii strain DSM 4838 97.01
12-1 Enterococcus faecalis EnGen0336 strain T5 98.61
12-2 Enterococcus faecalis EnGen0336 strain T5 100.00
12-3 Enterococcus hirae strain FDAARGOS 234 99.39
12-4 Enterococcus faecalis EnGen0336 strain TS 100.00
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PRI, 2021 AE NG SR 2R R TSk B
FHIG AT I 0L, IF H AR M 2 Rhbi sk
RIGITHTRCR , RS & B, Sl BA SR
2 1) IR B0 I PR A R B R 5 R,

AT A TR] T 53 19 2 2 o 285 6 v 29
Iy B M IR, 16S rRNA FEPRIIN % 31,
17 ¥RBAER T 2 EKTR 5 280, 0 11 #Rk(64.71%),
HANBERBERE 2 #R(11.77%), 5 RGEKE
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P et , AR SE R WA A X —1E 0. 26
BRI Y R EL 20T, 2021 4
A T B SR 37 1) 7 T DR SO 1 28 1 B T Uk
Y BURHITAD | 4l . ORI | BIRRAEAEAR
FET-HAE] 20%PY; 2020 4F 2B FRAE ik 4G
T URSHITCED . BTG . BAIE )T Wi SN F R
TEAIEERS 8 1, 2Kl 45 5 Ay 3% I R B SRR e 35
HEO 2 g BR R TE S R M VR i R O P o
=, I HAESh AR N AEZE VR AE 00 AU, FE X 4
JRE T R AT AR R R A 1) B A T 2 N R R X
— R WA BT R A5

XoF WK Y 12 FiiA: R2GR0A5 LB, 17 bk
Gy B Z R AEAETT 2%, b u g
R 2% e, 5817 88.24%, JLF-Hr
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AR R, R P R 20K
RE A B 22 WS R 2 R AR A L B, ] A B e IR A
EHUCE, AR mEEE SR, s ey, &
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o BR BT TS 24 1 5 55 55 I BR TR R S 1 5 R R
B, TEor B m 17 Rk b, FEmEREEME
G He A TR SR 2 i < A R T 24
IR 2021 A4 [ 40 TR 24 M D041 2 e T Edi
71N, S ERTRE M 24 P 5 22 ERBH P 1R 0 B R HE 2
BT =, Ferp 2 BRI AE T RIS A I BR A o0
i, 5T L [CBHTETE Y 10.8%07, A
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