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Isolation, identification, and pathogenicity of mixed infection
of Staphylococcus lentus and Escherichia coli in Moschus
berezovskii

WU Jie"!, WU Xi*?, CHENG Jianguo ™', FU Wenlong', ZHOU Lei', LIU Jie?, DING Hui’,
LUO Yan?, DU Rongsheng', ZHANG Haimei'

1 Sichuan Institute of Musk Deer Breeding, Dujiangyan 610016, Sichuan, China
2 College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: [Background] Forest musk deer are valuable economic animals in China. Captive musk
deer populations frequently suffer from bacterial diseases, and thus studying the related pathogens
is of great significance for the prevention and control of diseases attacking forest musk deer.
[Objective] To investigate the drug resistance and pathogenicity of the microorganisms causing the
death of a forest musk deer. [Methods] Bacteria were isolated from a deceased musk deer and
identified. The drug susceptibility, pathogenicity in mice, and resistance gene and virulence genes
of the isolates were studied. [Results] The forest musk deer suffered from mixed infection of
Staphylococcus lentus (named 23HYSL) and Escherichia coli (named strain 23HYEC). The strain
23HYSL was resistant to aztreonam, lincomycin, tetracycline, and sulfisoxazole, while strain
23HYEC was a multi-drug resistant E. coli strain producing extended-spectrum B-lactamases. The
median lethal doses (LDsg) of strain 23HYSL and strain 23HYEC in mice were 1.39x 10® CFU and
8.97x107 CFU, respectively. The pathological sections showed that the mixed infection caused
severer spleen lesions and facilitated the colonization of strain 23HYEC in the heart and liver of
mice. Both strains carried the resistance genes sul2, tetA, tetC, blargy, and blacrx.m. In addition,
strain 23HYSL carried the virulence gene clfa, while strain 23HYEC carried 5 virulence genes
including astA. [Conclusion] We isolated S lentus from forest musk deer for the first time and
studied the drug resistance and pathogenicity of this bacterium in the case of mixed infection with
astA" E. coli, giving insights into the prevention of related diseases and the rational use of drugs.
Keywords: forest musk deer; Saphylococcus lentus; Escherichia coli; pathogenicity
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Table 1 Primers of resistance genes and virulence genes
Gene Primer sequence (5'—3") Product size (bp) Annealing temperature (°C) Source
sull F: ATTGCCTGGTTGCTTCAT 238 52.0 [16]
R: ATCCGACTCGCAGCATTT
sul2 F: CATCATTTTCGGCATCGTC 793 55.0
R: TCTTGCGGTTTCTTTCAGC
sul3 F: AGATGTGATTGATTTGGGAGC 443 55.0
R: TAGTTGTTTCTGGATTAGAGCCT
tetA F: GTAATTCTGAGCACTGTCGC 1 000 50.0 [17]
R: CTGCCTGGACAACATTGCTT
tetB F: CTCAGTATTCCAAGCCTTTC 416 52.0
R: CTAAGCACTTGTCTCCTGTT
tetC F: TCTAACAATGCGCTCATCGT 569 53.0
R: GGTTGAAGGCTCTCAAGGGC
tetD F: ATTACACTGCTGGACGCGAT 1103 51.0
R: CTGATCAGCAGACAGATTGC
tete F: GTCATGATGGCACTGGTCAT 1180 52.5
R: CTCTGCTGTACATCGCTCTT
tetM F: GTTAAATAGTGTTCTTGGAG 657 57.0 [18]
R: CTAAGATATGGCTCTAACAA
aph(3)-lla  F: TGACTGGGCACAACAGACAA 667 52.0 [16]
R: CGGCGATACCGTAAAGCAC
ant(3")-la F: ATCTGGCTATCTTGCTGACA 284 50.0
R: TATGACGGGCTGATACTGG
blargm F: CAGAAACGCTGGTGAAAGTA 719 54.5 [19]
R: ACTCCCCGTCGTGTAGATAA
blagyy F: TGGTTATGCGTTATATTCGCC 800 54.0
R: GCTTAGCGTTGCCAGTGCT
blacrxm F: TTTGCGATGTGCAGTACCAGTAA 500 54.0
R: CGATATCGTTGGTGGTGCCATA
bla F: CATARTTCCGATAATASMGCC 297 51.0
R: CGTSTTTAACTAAGTATSGY
gnrB F: ACGATGCCTGGTAGTTGTCC 469 54.0 [20]
R: GATCGTGAAAGCCAGAAAGG
aac(6')-l1b-cr F: TTGCGATGCTCTATGAGTGGCTA 482 55.0
R: CTCGAATGCCTGGCGTGTTT
floR F: TATCTCCCTGTCGTTCCAG 399 53.0
R: AGA ACTCGCCGATCAATG
(#50)
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Gene Primer sequence (5'—3") Product size (bp) Annealing temperature (°C) Source
sea F: GAAAAAAGTCTGAATTGCAGGGAACA 560 57.0 [21]
R: CAAATAAATCGTAATTAACCGAAGGTTC
seb F: ATTCTATTAAGGACACTAAGTTAGGGA 404 57.0
R: ATCCCGTTTCATAAGGCGAGT
sec F: GTAAAGTTACAGGTGGCAAAACTTG 297 56.0
R: CATATCATACCAAAAAGTATTGCCGT
fnbA F: GTGAAGTTTTAGAAGGTGGAAAGATTAG 643 57.0
R: GCTCTTGTAAGACCATTTTTCTTCAC
fnbB F: GTAACAGCTAATGGTCGAATTGATACT 524 57.0
R: CAAGTTCGATAGGAGTACTATGTTC
hla F: CTGATTACTATCCAAGAAATTCGATTG 209 57.0
R: CTTTCCAGCCTACTTTTTTATCAGT
hib F: GTGCACTTACTGACAATAGTGC 309 58.0
R: GTTGATGAGTAGCTACCTTCAGT
clfa F: ATTGGCGTGGCTTCAGTGCT 292 57.0
R: CGTTTCTTCCGTAGTTGCATTTG
pvl F: ATCATTAGGTAAAATGTCTGGACATGATCCA 433 56.0
R: GCATCAASTGTATTGGATAGCAAAAGC
tst F: TTCACTATTTGTAAAAGTGTCAGACCCACT 180 57.0
R: TACTAATGAATTTTTTTATCGTAAGCCCTT
astA F: GCCATCAACACAGTATATCC 106 58.0 [22]
R: GAGTGACGGCTTTGTAGTCC
cva/cvi F: TGGTAGAATGTGCCAGAGCAAG 1181 58.0
R: GAGCTGTTTGTAGCGAAGCC
fimC F: GGGTAGAAAATGCCGATGGTG 497 58.0
R: CGTAATTTTGGGGGTAAGTGC
fyuA F: ATGATTAACCCCGCGACGGGAA 787 52.0
R: CGCAGTAGGCACGATGTTGTA
hlyF F: TCGGCATCCACATTAGTTG 599 60.0
R: AATCGAGTTGTTTCCGTCTCT
irp2 F: AAGGATTCGCTGTTACCGGAC 413 58.0
R: AACTCCTGATACGGTGGC
iss F: ATCACATAGGATTCTGCCG 309 58.0
R: CAGCGGAGTATAGATGCCA
iucD F: ACAAAAAGTTCTATCGCTTCC 714 58.0
R: CCTGATCCAGATGATGCTC
papC F: TGATATCACGCAGTCAGTAGC 501 58.0
R: CCGGCCTATTCACATAA
SitA F: AGGGGGCACAACTGATTCTCG 608 60.0
R: TACCGGGCCGTTTTCTGTGC
tsh F: ACTATTCTCTCTGCAGGAAGTC 824 58.0
R: CTTCCGATGTTCTGAACGT
vat F: TCCTGGGACATAATGGTCAG 981 58.0
R

: GTGTCAGAACGGAATTGT
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FrUEAL Z 5123 (Clinical and Laboratory Standards
Institute, CLST)%E 2 F-MF (2022 b)) 16 43 15 B4 1)
2y gURE
1.7 DERBHEMEIRE

R4 W6 4 0 2 AR R BOR K
10°, 10%, 107, 10°, 10° CFU/mL % 5 M6,
P PRI O G AR TR WO B . [
NSN3, A 6 HaEiE
54, SRR R PR BERL B R . 55 1 It
FEE 2 /IS B2 S B b i 2 1 4 28 Bk 1A R
WA R 0.4 mL, %5 3 #t/hEE R
0.2 mL ZZ18 #i 45 BRI F1 0.2 mL K IR &
W, SRR 1 AN R AR Y A B ER K AR
RN, BOEEIE 7 d WIEE AR, Wl %

ANECRAS, SRR /N BB T O AR A B
Bt LDsoo 7EJC I PR T XS LT/ BRI AT 4G
NRE 2 A0 AE R R 242, R AR H T | i
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Frang¥ qS1 1 qEc #E1TSERT 2862 & PCR,
3 RSN /)N B 25 U v 221 ) 2 1K T A R A
HAE A, PCR WA (20 pL): DNA itk
1 uL. 2xSYBR Green Mix 10 pL. qSI 8 qEc
E . FESIYI(10 pmol/L)4% 1 uL, ddH,0 7 uL;
PCR JZ W 4F: 95°C 3 min; 95°C 10s, Bk
30 s, 42 MER, TR Z . B
RN iEE 3 ANEE

2 EREG5M

21 D EREKRESHHE
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SRR I AR AR L Ol . BERER
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BRI 2 SRTEZ R E RO kL
RV, FEMFR E 2K A GREE, REIL,
s YRR B B SR /N (B 1)

R2 ZBEFEEREMABITELIRALESE PCR 5|1
Table 2 Primer for real-time quantitative PCR of Staphylococcus lentus and Escherichia coli

Primer Sequence (5'—3") Product size (bp) Annealing temperature (°C) Source
qSIF ATCAGCTCAACGTGTTCCAGT 204 59 CP120062.1
gSIR ACACGAGTTTGAGTTGCGTC

qEcF GCGATGACCTTTAACTTTGGCGAAC 133 63 [24]

qEcR TGTCGGCAATGGCATCAGTATAGC
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Figure 1

22 DEENEUEESR

1 STRZLRE . B-F LB . RO . A2
Medh . B, INBYEE . AL EE AR TR 0
GORGEPAME, AWE. DR ER B AEE N i A0 25
RSB, 025 J W7 by 45 (] il ) 1 6 2 K 7
2 SRMFLRE . RN . Rk mlwRialE
B RBE. MR . IREM . HEEREAA
PAI 25 R R, MgmRE: . mikE . A
ARG . LA EE A PR 2R A I 45 R R A, £F
B K HF B A AL RAAE
2.3 16S rRNA EFLEELER

1 S 2 SHM 16S rRNA LK PCR § 1
SRR R, ZY7E 1400 bp A0 H B SMES, 5
H &0 KN —20(E 2). KPR e =
NCBI,BLAST &5 SR BN 15 F 2 554
)55 22 18 7 2 3K O RN K AT T AR A
ik 99%, WEARFRRHES AR, £E 1%
W RIS E A PR, 744~ 23HYSL (GenBank
oS PP439483), 2 S N KAITH, W4
4 23HYEC (GenBank % 5% 5. PP439482).
24 BEHRBNRZLE ST

BTy B Ak 23HYSL Ik 23HYEC 1Y
16S rRNA JE K 74153 B R G0 & B o H Il 3A

Morphology of isolated strains on different culture media and Gram staining microscopy (1 000x).

bp N M 1 2

2 4EFERY 16S rRNA EE PCREZER  N: B

PEXT AR M: DL2000 DNA Marker; 1: 1 55; 2:
25
Figure 2 16S rRNA gene PCR results of isolated

bacteria. N: Negative control; M: DL2000 DNA
Marker; 1: Bacteria 1; 2: Bacteria 2.

AL, TERk 23HYSL 5 2818 WA ek T
[l —43 3%, Hrp 2R 5O R Y& 2023 4F T
% SR XS B v A B 0 1 32 A XS LA 22
e AR Mgl-7. 76 3B W, KA re it
fb E®RIE, Ho SRk 23HYEC ¥4k R it
2k 2019 45T PG ¥ I 3414 2 0E AR A rp 4y
BRI K IBFE UFV 627,
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3 ET 16S rRNA ERFEFHIMENE M 23HYSL (A)MEH 23HYEC B)RFKLEN fHS5WH
GenBank 3¢5 ; 5 BTN bootstrap {H, JELEIM 0-100, {EBE (M ; AR RFRIZKE T
SR 1 IR 2 g A5 A8 S i

Figure 3 Phylogenetic trees of strains 23HYSL (A) and 23HYEC (B) based on 16S rRNA gene sequence.
GenBank accession number in parentheses; The number of the node is the bootstrap value, ranging from 0 to
100, the larger the value, the higher the confidence; The scale indicates the degree of genetic variation in the
genome represented by the length branch.
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Table 3 Drug sensitivity test results

2 BRI 2
WEMRIH 2y, Xf

e IRRER . R R %R Rl ER,
NERON - T S
K V- R BT 2, R g A T BUgo g 25 2
8], xR H AR R ROV BUR . KT E

ﬁﬁ ESNNUIEANS 5

Drug type Drug name Strain 23HYSL Strain 23HYEC
Diameter of  Result Diameter of  Result
antibacterial antibacterial
zone (mm) zone (mm)

p-lactam Penicillin 33 S 6 R

Ampicillin 33 S 6 R
Piperacillin 34 S 16 R
Cefalexin 37 S 13 R
Cefazolin 26 S 6 R
Cefuroxime 29 S? 7 R
Ceftazidime 20 S 15 R
Ceftriaxone 26 S? 12 R
Cefoperazone 30 S 9 R
Aztreonam 6 R 13 R
Imipenem 40 S 22 I
Aminoglycosides Amikacin 22 S 22 S
Gentamicin 23 S 8 R
Kanamycin 24 S 19 S
Streptomycin 19 S 10 R

Macrolides Erythrocin 16 I 7 R

Lincosamides Lincomycin 11 R 10 R

Trimethoprim Trimethoprim 19 S 20 S

Polypeptide Polymyxin B 14 S 14 S

Vancomycin 17 S 13 R

Tetracyclines Tetracycline 9 R R

Doxycycline 16 S R
Furane Furadantin 25 S 20 S
Quinolones Ofloxacin 17 S 27 S
Ciprofloxacin 21 S 20 R
Sulfonamides Sulfamethoxazole 22 S R
Sulfisoxazole 6 R R

Amphenicol Chloramphenicol 22 S 27 S

Rifamycin Rifampicin 22 S 16 R

Other antibiotics Fosfomycin 33 S 35 S

S: #UE; 1. Ffr; R Titzy;

microbial reagents.
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Time (d) Time (d) Time (d)
Bl 4 ARREZEBADREMABTENS MR 7 d REFHZE A ARS8 % 2R E
JeNEEY 7 d WAAEIIZR. B: TRV BE R AT R /N 7 d NAEAFIRZR. C: AN [RI R 248 A 4 3K

T AR R AT B RGN 7 d N A7 2k

Figure 4 Survival curves of mice infected with different concentrations of Staphylococcus lentus and
Escherichia coli within 7 d. A: Survival curves of mice infected with different concentrations of
Staphylococcus lentus within 7 d. B: Survival curves of mice infected with different concentrations of
Escherichia coli within 7 d. C: Survival curves of mice co infected with different concentrations of
Staphylococcus lentus and Escherichia coli within 7 d.
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Figure 5 Pathological examination results of mice.
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Feif, BRULZAN, %4l B R S RN S A
EMANEEE =3 - IACY ol sl N 1 BT A Nl 1 O s
BB, hgXER, ABEKRMHE, ff
LKL AN R A . AR AR L 2], AR
TR A, TR G IR e 2 1 AL 5 A A
R
28 WHENIREEREREXNHES

T — A A 0 B gk S 2 TR B R g 4 A D
FRART B R, AR EOR(E 7), RIS AR
Va2 H OB A AR 38 R qSL™ W,
S5 % BELH AR HL 43 3 R 35 263 50 584 fi%, Hifth

Kidney

Spleen

iR PO bt Y DI R o WFN i N 7R B B
W KM SR A A R 3 s, 5
X B A L e AT Ak 776 £, TEMERAK, M
173 %, JLF R SIS A KA RA
YL 2H N PRI TR P AR 28 T R S B0 IR T i
RO RSN, 12 2H S48 i 4 BR A A X B0 R
FAURR G ZH /D T R A TR T /N U AT
JIFE ARG 2 1 2 i T RS 2,
b s o B B ARL . T LR B R RE RS D
R TR AE /I B U I 0 JH P B
29 MHERFMZHERELUER

1 SO 2 500 B ki B8 ) A A
FE 25 5] PCR § 845 L3R 4. S218 4 3K
PR HA 2 25 B D sull R sul2; PUPRER 2K
fif 25 3L tetA I tetCs B- PN Mok e A i 245 3 [
blarem 1l blacrxw, [FIE &A1 cfa, Kz
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Figure 6 Pathological section of mice tissue.
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Figure 7 Relative bacterial load in organs of infected mice. *: P<0.05; **: P<0.01; ***: P<0.001
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Table 4 Drug resistance gene and virulence gene test results
Strain 23HYSL Strain 23HYEC

Drug resistance gene  Result Virulence gene  Result Drug resistance gene Result Virulence gene  Result
sul 1 + sea - sul 1 - astA +
sul 2 + seb - sul 2 + cva/cvi -
sul3 - sec - sul3 - fimC

tetA + fnbA - tetA + fyuA

tetB - fnbB - tetB + hlyF -
tetC + hla - tetC + irp2 -
tetD - hib - tetD + iss +
tetE - clfa + tetE - iuch -
tetM - pvl - tetM - papC -
aph(3)-lla - tst - aph(3)-lla + SitA +
ant(3")-la - ant(3")-la + tsh -
blargm + blargy + vat +
blagyy - blagyy +

blacrx-m + blacrx-m +

bla - bla -

gnrB - gnrB -

aac(6’)-1b-cr - aac(6')-1b-cr -

floR - floR -

+: BAME; - BAE

+: Positive; —: Negative.

FFE R A B IN 25 2L sul2; POPR R 2Tt 2
FI tetA, tetB. tetC il tetD; 2 SLME 1251t 245
JL[H aph(3)-1la #1 ant(3")-la, p-HN B 25
JEA blarem . blasyy A1 blacrxwm, [ & A 5
N astA, fimC, fyuA. iss, sitA fil vat, 454&
My 2587, KGR E R 23HYEC X W& 35 rg
SN B-IN RS 25 R BT 25, Ry i) i
B-N kR (Extended-Spectrum B-lactamase, ESBL)
f) MDR K14

3 WwE5E&#
16 PR F e 688 4 o 2205 O £
e B, A ST M B L o S W H

18 A BRI AT W IR G UL, X
PR A7 S T PR T 10 2 18 ) 4 TR T 0 M 5 9

HUHGE ., e b, ZEE SR o RS
FET-POL B3 ke e i BT R AL YT, B3k
B 5 BA BRI it/ N EE, 15305
B bk 23HYSL (R BEGE R H 1.39x10° CFU, X
ANEU AT R A PTR a . R IR T
A ER AR 10 Fh 2255 ) BRI, A % B
7 clfa, Hadlif, 2R SRAK 0 H 4G BK T 240
Mo EERS E R A REHNF A (cell wall-anchored
protein clumping factor A, CIfA)f A H &
SEREM IR T, A KL A EE ) R E A
BRI RE R, B anE e kiE, 1EiR
IR T et o ) Y S SRS i g 1 o i g =
AOZRBR, (240 B i AfR A Y TE 4w
#] Z BR # (Staphylococcus aureus) ', CIfA #IA
N T B S S TR TR
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SRS 1 5 2 2020 Ff ) ] s 3 BB TR 551 1 3¢ 2
F1, 456 5018 ) 2 PR 1 B0 B4 B M T I
(R4 Y, AT 28 A BR TR R AR S BB R A UL
WG, J&5 1 S B AN T] Z A0 ¥ A9
Ji o A B R 2 TR A/ BROR i B A
AL, Y] R SR il AT 48 1 A R
8, R0 LR A 0T 280 PR e A vy, RN/ Bl Ak T
FH T ILE JE B 22 4 1 R4 P R e i 30 o
KIGAT B B PEAR KRR B T Bk TRk
BHETHEE, FINEE. FR. 1.
BREUA . el WM R ARE R, XLEE K
T BTk s IR TG R, E ST O HE
B, BIEMEERIERN, MNilislkEzEmE"", K
J AT AT B JR % I 45 U 4 P R X 28 Rt 44 i 2
Fhi, IRA R 5 LR B R i e 5k £ 5
LRI B bR 23HYEC HA 38K 1y E 5 3
AE. TER T L A, fimC A S KA L
R B IR, 5 IR R b 5P, A, astA.
fyuA. iss, sitA Fil vat 252 KA R E 5 )
LA fyuA JZHBR 2R KB (Yersinia) sk 75 1 551
O X EBEEEWENZ —, %855/
PRV VIR, AIAEHR R #% I B MK FF 1
Z KA, fyuA Hafidh BRUZE T 28 32 1R 5 A T
Bk RE 0 IR DBy I A Sk i 3k
iss 4 fibSMEEE IRV LER 7, 25 W HiRMA
VRIS I E0m 1Y SitA A SR 1
FA, BRRE DR ANTR P2 TE AR R AN AR T
WEER s, 25l B I # R Vat fBfl
UM, AR B AR AL, DNTTTIE U
AR S A A B Rk R 23HYEC 7, i astA
MW REERBHEREEDHER 1

(enteroaggregative Escherichia coli heat-stable
enterotoxin 1, EAST1)J2&— P87 5 205 4 M 5

x, L&A BEASTI ME—RF R KIHFF € X h
W RENE KB EPFREEmEER 1 KIBFFE

(enteroaggregative Escherichia coli heat-stable
enterotoxin 1 Escherichia coli, EAST1EC)*, #

A7 astA F R Y 05 M K i FF B 3 H EL R ST Y
FEP R A B R Rk EAST Al RERE S
FOMER & s 1) S B, R S 5 HoAth 8
7 ORIRVE T, DA AEARBE LA PN A 4 T ML
ST — T

TR B ah ez Z R R R, WA TR
Ji B 7 DR (R AR VR R . R S T R A
Jif 22 [ P9 AH AR FH R AL G 3 2R S ST i A
7 SRR AR g o, s nl i & K
YL (155 I 22 T 1) AH AR FH 235 i BILAAR 1) B 328 T
REPY bR e 2 38 5 A5 S 2 A0 R A 4T
Bl 53 1) 240 R D51~ A9 43 00 SR 52 1 i 32 B 88 I
S, IRA YR R ECE I E I
PRAEARP>T H E AR PRI R, KA
575 16 %5 BR 1 (Staphylococcus simulans) . #4 #%
3R 1H (Streptococcus suis) T A e Y g B e e
) 240 A 5 ) A R R e B R A, 8
BURTESG R . FEARBFIE TR IR 2 1
A AR B b 2 B Bl YL O e, JE HR
B LS IN T R TR A /DN B O JUE R O 194 22
B, 2B B ML B B0 e A — B P R AR
Mo BRIKZAL, ABF5E 0 B TH AR 23HYEC 2
7 ESBL 1) MDR Kz 141 , T 33 Fft o1 75 351 )5 1
B ERA—E WX, AP, AN T 24
FE DR A ) RS TR A R AN A R PR AR E R R
b ol B AR . ABIETE R, 2 FhEE A
ZiEA sul2, tetA, tetC. blargy Fl blacrxm, FF
H R 23HYEC 45547 Bk 23HY SL Rk
MRS Em 25 5610 . B o R, Pk &R
P R R A5 05 TR | 54, A4 5 22 [ B P o
22 ER A T Z ) AL 4% Y, R HERR — 3
[Fi) $5 77 P 24 56 DR L ARLA 4B i 2 5 . IR IR
B G BITEIR T T N LR 5 5 I, e E
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