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B E: BE TWOELTTTE RS R b R TS R BUR . S R T 2 R A
TE SRR . 755 2021—2024 4, ST 3 X 3 EL G IS E R AE 300 £ P95 PR A, it
I3 B B IR B A Wl 5550 KW (polymerase chain reaction, PCR)E A M & 7= S AR, KL HEIEE PCR &
7 FEE IR, BUBTRRLIE 12 Mt R E0E, 2EEEAN)F (whole-genome sequencing, WGS)45 & 4=
WA 2 AT HEA T 237 15 )7 51 43 ) (multilocus sequence typing, MLST) . T 2556 R Fi M i 00 S L RS R &
WA, GER 300 GyAF b e SRR AL PIPERS Rl 18.67% (56/300), AEI4ESG . FEMZEH] . RAEX
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Y 9 T 253K, mprF | tetA(P)F tetB(PYHEAE R IEAGT 3 1(85.71% . 73.21%. 69.64%); #Z.OFEEMA RS L
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Contamination characteristics and pathogenic characteristics of Clostridium
perfringensin commercial meat and meat products in Ma’anshan City, Anhui
Province from 2021 to 2024

WANG Li'*, CHEN Yi-Qun*, LUO Ying', SUN Yuan-Ting', SHI Zhi-Feng', LU Fen', JIANG Liang-Liang""

0

(1. Anhui Medical University Affiliated Ma’anshan Prefectural Center for Disease Control and Prevention, Ma’anshan
243000, China; 2. School of Public Health, Anhui Medical University, Hefei 230032, China)

ABSTRACT: Objective
resistance phenotypes and genomic evolution patterns of Clostridium perfringens in commercial meat and meat products
in Ma’anshan City. Methods
and online shopping channels in Ma’anshan City from 2021 to 2024. Clostridium perfiringens was identified by isolation

To investigate the contamination status, toxin genes carriage patterns, antimicrobial

A total of 300 meat and meat product samples were collected from 3 districts, 3 counties

culture and polymerase chain reaction (PCR). The 7 kinds of toxin genes were detected by multiplex fluorescence PCR.
The antimicrobial susceptibility profiles of 12 kinds of antibiotics were determined by agar dilution method.
Whole-genome sequencing (WGS) combined with bioinformatics analysis was used to perform multilocus sequence
The
total positive detection rate of Clostridium perfringens in 300 samples was 18.67% (56/300). There were statistically

typing (MLST), antimicrobial resistance gene prediction and core-genome phylogenetic tree construction. Results

significant differences in the detection rates among different years, sample types, sampling regions and sites (all
P<0.05), among which raw poultry meat (45.16%) and farmers’ market samples (30.82%) were the most heavily
contaminated. The detection of 7 kinds of toxin genes (cpa, cpb, iap, etx, cpe, netB, cbp2) showed that the positive rate
of ¢pa gene was 100.00%, and the positive rates of cpe and cbp2 were 7.14% and 48.21%, respectively. The strains were
dominated by type A (92.86%), and type E (1.79%) and type F (5.36%) were also detected. Antimicrobial susceptibility
testing showed that the strains had high resistance rates to tetracycline (64.29%) and clindamycin (32.14%) and 26.79%
of the strains exhibited multidrug resistance; the susceptible rates to cefoperazone, meropenem and chloramphenicol
were 100.00%. Whole-genome analysis revealed that the 56 strains contained 50 kinds of MLST, including 26 kinds of
newly discovered types. A total of 9 kinds of antimicrobial resistance genes were identified and the carriage rates of
mprF, tetA(P), and tetB(P) ranked the top 3 (85.71%, 73.21% and 69.64%, respectively). The core-genome phylogenetic
tree indicated genetic homology among strains from different years and regions, suggesting a risk of cross-regional
transmission. Conclusion The contamination of Clostridium perfringens in commercial meat and meat products in
Ma’anshan City is relatively severe, with high toxin gene carriage rates, prominent multidrug resistance and genetic
diversity. There are risks of cross-regional transmission and food poisoning, so it is necessary to strengthen the
supervision of raw poultry meat and farmers’ market links.

KEY WORDS: Clostridium perfringens; meat and meat products; contamination characteristics; toxin genes; drug

resistance genomics; multilocus sequence typing; core genome phylogeny
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7R JENEAR T (Clostridium  perfiingens, CP)&—F 1z
A3AT T4 KR K Sh i TE 1 5 2% PG BH M DR SR 2R AT A,
Hy A ZRINEER AN a. B e 1 HREHHER)TTIEAN
P Z R, RN . SRIEr R X IRt ETs
8, EARBROA L DA U S OCTE M B IREBR
EE . HA IR Z FE O ILH D 4R M P e = 2055
[, BRAE RN R 30 B IR e 5 e A ),

ARk, Bl TR R 2T 2 R RS K K&
LR 4k, CP 54451 R P B & U H 2510
L P AR SR R AR A, R

TH 95 4 B IE 2R CP A1 o H e I IR B i, 4[]
JE G AR R BT, ENOCE CP o i
T T R — X e b2k, HLEkZ 2555 T 2 AR
fiE | i 24 20 5 L R A A i R etk e Sy
PR T AR T W X ) PR SR AR A L, P
P i 1) 22 R85 28 A BR B DA G, CP AR HEALAR I -5
WIEHAR CIB A TR B Y, HIZH X CP i Y koF |
BALHFAE S AL RE AL HRATIA T B

ABEFEE L N 4 RTINS A, S e RS
Yok 5 S AL PR, e mifgdT S L i A S
Pl CP TS YARAE . B JIRE P0G | T 25 3 8 J2 k[
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FH1TE

AR . WFFEAS RALAT g DX it 22 4 AR 1T o
TERTHERT A T AR (R A%, oM EIRYE CP i TR
P OE T SR B LA, (A1 Ay ARG 7 AR G e f 4t
HHMAZS% .

1 RS 7

1.1 HmRE

2021—2024 A4 4—10 F (CPI5 Y & 1), RS
AR S BT 3 X 3 B(A R BHE, CE. DX,
E X F X)X ERMIET-5RER SR B 300 4, GFE
ERE R 620 &N 79 0), B 75 Gy FIZPY 84 .
RGP T(89 13) . R FI(146 1) . FEIE 49 f7)
IR (16 1)<
1.2 fREEN. RFISEE

PRUETE R ATCC13 12435 [ T AMRAEL T 0); HEAER- T
i R £ - 1 22 24 2 (tryptose sulfite cycloserine, TSC)EUIE . &
PRH 2 B R H (fluid thioglycollate, FTG)E5 7 3k (L ki #f
HARBA A BT, CP B g GLERHD A F); CP
R & . CP 7 Fhag s B E AR R S Fi
JRA A ARG BRA R, CP 258 (F & rhANCRE YRt
HA R, 205 DNA $REUA S (P R ERHA TR F);
e I P R (R B R B A FR A A

CN-LQC5003 HL T RIF-CKEEE 0.01 g, RIIMLR LT
BHIA R F); SKI40-ACS B RER AT A IR R Gu(H B B
BHEE A= 9 B R AT BR N A, ABT 266 5E 1t I8 4 il £k S N7
(polymerase chain reaction, PCR){S/(IEEFEBR K HE/RBHE A F);
MGISEQ-200 H: Il A A (AN AR R e A BR A 7)o
13 5 &
13.1 Hhe BRI ER

TCREBTHL 25 g KBS T 225 mL 0.1%2E F KR,
AT BTAR T 2 min, HAR 1:10 (m:7)539, B 1 mL
SPHRRT I, B ARHIZE 45 °CA AT TSC B,
BRIV, MR SEFRERMRS, HERENE,
TER AL 35— )2 TSC HiUlR, 36 °CIRAE KGR 24 ho PRHCR
O YE R FTG BrgeStalifbis 35 )5, #efh CP B kiR,
PRBUR LT (A PV, lid PCR HEARMATEEE o
132 FAHAREN S5 A

KM Z BV PCR AR cpa. cpb. iap. eix. cpe.
netB. chp2 7 MEE SR (32 1), 88 Rood ZESIkRiE, Hid
KR EE SAEA T IR M BI(A~G ), PCR SN A ZR AR A%
PRI QUL B, AR BE IR BT B
133 ZHH6RE

K FBINEFRRBEIINE 56 AR 12 PPl R H FbtA %
AR AR 246 B (minimum inhibitory concentration, MIC), fu#$E
HEALENIM, FHR), I EMROE LR . P
R SRAUGEECIENRER . SLA0PE TR 2). AR AISR

SEEIm AR SRR PR Er 2 (M100 HTREEY S
BPETRRE ) (37 34 B, LMIIE(S). P THEZHR)FIR .

®1 CPENERINFINREKE

Table 1 Primer sequences and their lengths of virulence genes of CP

ENE:
SEIH 47 SR 53 R
P
GCTAATGTTACTGCCGTTGA
cpa 324
CCTCTGATACATCGTGTAAG
GCGAATATGCTGAATCATCTA
cpb 196

GCAGGAACATTAGTATATCTTC
ACTACTCTCAGACAAGACAG
iap 446
CTTTCCTTCTATTACTATACG

CCACTTACTTGTCCTACTAAC

etx 656
GCGGTGATATCCATCTATTC
GGAGATGGTGGATATTAGG

cpe 233

RGGACCAGCAGTTGTAGATA
CTTCTAGTGATACCGCTTCAC
netB 738

CGTTATATTCACTTGTTGACGAAAG

b2 AGATTTTAAATATGATCCTAACC 567
c
P CAATACCCTTTCACCAAATACTTC

#2 CPABURNABYREKE
Table 2 Drugs used in CP drug sensitivity tests and their

concentrations
%4 25 ST R
251 BESL(FHR SHVRDR AR
2R (RIFF) /(ug/mL)
% ampicillin
0.125~16.000
HHEL (g (AMP)
H®ZE  penicillin (PEN) 0.125~16.000
W%
} imipenem (IMI) 0.500~64.000
Wi 20 5]
% 2
Nl meropenem 0.250~32.000
R (MEM)
et cefoperazone
st R (CFP) 4.000~512.000
LAy
T cefoxitin (CFX) 2.000~128.000
AR AHE clindemycin 0.500~64.000
ek ES (CLD)
HFEIK metronidazole
. g
K FH T e (MRD) 0.500~64.000
. B[ 25 PG P,
FURI g e 03000250-
AFHe s ¢ ?A /cg) ¢ 64.000/32.000
R LI i i
- 24 moxifloxacin 0.125-16.000
il A (MXF)

g S tetracycline ~
UEZN UIEZS- (TET) 0.250~32.000
e g o chloramphenicol -
RNEE AHE (CHL) 0.500~64.000

1.3.4 AXRan 5L £ 8 FoH0
EEUE MR DNA, % MGISEQ-200 & T4 iH
T, JRIEEHEZ FastQC #l Trimmomatic JE#)5, H
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SPAdes v3.13.0 #FfT3EE %, checkM PEAR 4 % it
(Q30=85%). HLTF PubMLST ¥itdfs e A 7 20 45 5 51) 43 1l
(multilocus sequence typing, MLST); iid RGI v5.2.0 Z55
i A 2% 1 24 1 858 /3 (comprehensive antibiotic resistance
database, CARD) Wl i 24 32 K (7 51 AHRLEE = 90%, 7 16 &
=90%); FIf] ReporTree v2.5.2 #ff, it single-linkage
Bk b B MR R R £ & PE (single  nucleotide
polymorphism, SNP)Z% 5, ik i% .05 KA RSF P, 14
D IEHEARGE L EW, ARSI T A% 00 L R A 1) 3k
R
1.4 BUELIE

R SPSS 24.0 AT, TR %
FoR, A HCEERI 2 K, P<0.05 M5 HA G55 X,
2 HBRESH
2.1 CPiSHRAR

300 3L i 56 0 A CP, st BHAG: 38K 18.67%
RIEAEGY G HH %94 5 B35 (7=23.548, P<0.001), 2024 4%
F(36.25%); FEMZEHIH, AR HEG8.03%)EERT
TE I PN (2.67%) FIZL A1 (0.00%) (°=67.716, P<0.001), Hih
B TR (45.16%) 1 T4 & (32.50%); —rEg i, &%
AT 3%t #.(30.82%) B% 155 (7=27.730, P<0.001); RAE X I
W, B B R 5 (29.41%) (=12.675, P=0.048)(F 3).
22 SREFESBMHE

7 FiBg S1 A, cpa FEEBAESE 100.00%, iap .cpe .cbp2
FEPERAM A 1.79% ., 7.14%. 48.21%, cpb. etx. netB ¥

HBAPECE 4). BIRRATILL A TN (52 #E, 92.86%), E B 1 #%
(1.79%, RiFET D X E&R), F R 3 #E(5.36%, 5 0l2kIET
A BRI, BEAFN., EXEERN).
23 HERKRER

56t CP XTI AH FH 12 FhiA: 2 a0 245 Bk 2 3L
225 CFP. MEM M1 CHL By#UZMEIE 100.00%; TET Tif
2 0 19 (64.29%), CLI i 255K 2 (32.14%) . it 25335 53 Hr
SR, 13 BRIAMRXT 12 Fh2 s Busi( b bk 23.21%), FHigx 43 Bk
FEEARFRREEMZS: T 1 B2 R TR o5 L 95 (50.00%),
it 2 i K LA b 2454 (%) 22 SR 24 TR B o 26.79% (15/56), FHrh
3 MREEAR TR 32 S FIZGHI( i EL 5.36%), B85 B bk A
AR BRI T (B 1),
24 =EFABNFSH
241 HBEME ARSI

PP 20 e S 2R/l 2.93~3.65 Mb; GH+C it
27.15%~30.57%, Q30 {H 85.31%~91.72%, KT 85.0%,
&R ER,
242 MLST &5 &

56 PREAALAT R 50 Fh MK T 515 (sequence type, ST)TJI,
Forb 24 R AT 27 #R); HAR 29 BRI, 555
{7 B SRS 4FAE TT R 430 26 AORTEAY ST BRI, 25
PubMLST $d /% Hext, Ak BlS Z DEFL e ST A5
JFH, RHZ 26 F ST BUBIHFHIRL, MHXFEHKEE
K FERAEHIRAZ . PubMLST BidlifE, & m IE M4
47 ST1205~ST1218., ST1233~ST1244 #I(3 5), ST516 (3 #K).
ST520 (2 #%). ST1205 (2 ¥E)M ST1207 (3 ¥k) MR,

F£3 20212024 EERUTTHERSAFIGET CPREFER

Table 3 Detection of CP in commercial meat and meat products in Ma’anshan City from 2021 to 2024

=25 i H AR S FH A Hh 3 8K FHERS H /% e P
HR 141 54 38.30
FE 2S5 PHELA 75 2.67 67.716 <0.001
A 84 0.00
i 89 6.74
. KA 146 45 30.82
KRG i T n : S 16 27.730 <0.001
% 1% 16 6.25
A H 64 5 7.81
B & 51 15 29.41
CH 67 13 19.40
RAE X Sk DX 53 13 24.53 12.675 0.048
EX 29 4 13.79
F X 20 5 25.00
% 1% 16 6.25
2021 48 6 12.50
. 2022 99 15 15.15
EA 23.548 <0.001
2023 73 6 8.22
2024 80 29 36.25
A1 300 56 18.67
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Table 4 Carrying status of 56 strains of CP virulence genes
g B S EEH
AR PR cpa cpb netB etx iap cpe cpb2

MAS2021004 EEN + , - - f - _
MAS2021021 EEN + - f - i j +
MAS2021022 BN + : - - B - i
MAS2021023 HEER + B - . B B +
MAS2021050 HEER + B - _ B _ "
MAS2021085 HEER + B - _ B _ "
MAS2022001 B + - B B - _ B
MAS2022005 B + - B B - _ B
MAS2022006 BN + - f - i j +
MAS2022012 JE B Py + . - B - - _
MAS2022016 HEER + B - . B B +
MAS2022017 EEN + f i _ 5 _
MAS2022020 EEN + - - - i

MAS2022024 EEN + - - - i B

MAS2022025 B + - - B B j

MAS2022046 B + - B - B B

MAS2022047 BN + , - - i _

MAS2022063 BN + , - - f - _
MAS2022064 EEN + : - - B - i
MAS2022091 EEN + : - - B - i
MAS2022092 ey A + B - _ i . i
MAS2023004 BN + f i B B +

MAS2023044 BN + - i - i B

MAS2023060 BN + - i - i B

MAS2023061 EEN + , - - f - _
MAS2023067 PR Y + B - B B + _
MAS2023101 BN + : - - B - i
MAS2024003 EEN + : - - B - i
MAS2024016 EEN + - - - i B

MAS2024017 EEN + - - - i B

MAS2024021 BN + - B i _ _ B
MAS2024023 BN + - B i _ _ B
MAS2024024 EEN + , - - f - _
MAS2024042 EEN + , - - f - _
MAS2024058 BN + : - - B - i
MAS2024063 BN + : - - B - i
MAS2024064 HEER + B - _ B _ "
MAS2024065 HEER + B - _ B _ "
MAS2024066 EER + B - _ B _ ;
MAS2024067 BN + - B i _ _ B
MAS2024073 BN + - f - i j +
MAS2024074 BN + - f - i j +
MAS2024077 HEER + B - . B B +
MAS2024078 BN + : - - B - i
MAS2024081 BN + B - _ i . i
MAS2024093 HEER + B - _ B _ "
MAS2024094 BN + f _ _ j B n
MAS2024095 BN + f _ _ j B n
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xR 4(8)
==
" " . IR
Rk R PR AR A
cpa cpb netB etx la cpe cpb2
MAS2024099 EER + - - - - - -
MAS2024102 EEN + B - B _ B B
MAS2024117 EBR + - R _ - _ n
MAS2024136 HER + - - - - - +
MAS2024140 BN + - - R - - R
MAS2024141 HER + - - - - - +
MAS2024142 EENR + - - _ B B i
MAS2024143 EER + - - - - B B
e AR I, RN
60 - 56 - - o 56 56
52
51 51 50
50
40 36
& 29
30
=
20 18
12
9
10 8
4 4 5 4
0 1 LoB oo o ! L) L' oB oo 00
0
S|T|R|S|T|R|[S|I|R[S|T|R|S|T|R|{S|I|R|[S|I|R|S|[I|[R|[S|I|R|[S|I|R|S|I|[R|S|I|R
AMP PEN IMI CFP CLI MRD A/C2 MXF MEM TET CHL CFX
biER
1 56 tk CP Zfil s 4
Fig.1 Susceptibility test results of 56 strains of CP
=5 56 £ CP ERFE S RUSFE
Table 5 Genotyping characteristics of 56 strains of CP
" L7 MLST
VA b S5 . - HE
U5 cold groEL sodA plc gyrB sigKk pgk nadA ST
MAS2021004 HEN 11 10 7 12 2 9 6 1 ST927 AR
MAS2021021 HEN 93 7 143 155 2 19 61 142 ST1205 AR
MAS2021022 EER 20 56 23 1 38 12 41 112 ST1235 AR
MAS2021023 EER 93 7 143 155 2 19 61 142 ST1205 AR
MAS2021050 EER 4 58 87 54 77 80 4 13 ST1236 ARl
MAS2021085 EER 64 63 2 2 1 11 ST1125 ARl
MAS2022001 EER 4 4 1 3 2 1 1 ST546 AR
MAS2022005 EER 19 1 5 5 2 3 1 ST41 AR
MAS2022006 EER 3 4 3 1 3 2 1 1 ST494 AR
MAS2022012 JHFR A 164 175 130 146 73 11 57 131 ST1237 AR
MAS2022016 EER 4 182 192 11 49 5 4 11 ST1238 AR
MAS2022017 EER 130 4 45 97 2 8 75 41 ST1239 E ®
MAS2022020 EER 3 1 3 1 3 54 1 1 ST501 F 7
MAS2022024 EER 25 94 46 97 2 27 22 41 ST1240 AR
MAS2022025 EER 130 4 46 97 2 2 22 41 ST1206 AR
MAS2022046 EER 3 4 1 1 3 5 1 15 ST290 AR
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F5(8)
TG It MLST gy
P 3 colA groEL sodA plc gyrB sigKk pgk nadA ST
MAS2022047 BN 4 4 3 4 3 2 1 1 ST104 ARl
MAS2022063 EBR 25 4 46 148 2 27 22 82 ST516 AR
MAS2022064 BN 25 4 46 148 2 27 22 82 ST516 A
MAS2022091 &R 130 4 46 97 2 2 75 41 ST1207 AT
MAS2022092 &N 1 10 102 9 80 5 4 112 ST1241 A I
MAS2023004 EEN 44 41 12 17 12 13 10 15 ST1242 F Y
MAS2023044 HEER 4 4 1 4 3 2 1 3 ST520 AR
MAS2023060 HER 4 3 10 2 1 1 ST62 AT
MAS2023061 EER 3 10 6 11 52 28 1 ST1208 AT
MAS2023067 TR A 10 12 7 12 2 8 6 8 ST1209 F Y
MAS2023101 EEN 1 93 102 9 98 12 4 105 ST957 AR
MAS2024003 EBR 130 4 46 97 2 2 75 41 ST1207 AT
MAS2024016 BN 43 46 102 2 27 22 41 ST531 AR
MAS2024017 EER 66 3 50 1 41 4 1 ST335 AR
MAS2024021 EEN 9 12 6 14 2 9 6 1 ST1210 AR
MAS2024023 EERN 14 14 11 38 8 8 52 ST1211 AR
MAS2024024 EER 11 12 6 12 2 9 6 44 ST1212 AR
MAS2024042 EEN 69 41 115 88 43 8 31 39 ST1213 AT
MAS2024058 BN 6 5 1 33 24 4 7 19 ST282 ARl
MAS2024063 EER 61 41 1 92 2 2 50 52 ST1214 A
MAS2024064 EER 44 109 146 243 1 89 7 143 ST1243 A #l
MAS2024065 BN 224 119 208 146 73 161 57 42 ST1004 AT
MAS2024066 EEN 2 3 182 126 2 66 8 72 ST1215 AR
MAS2024067 EEN 11 177 6 139 52 10 6 44 STI1216 AR
MAS2024073 EEN 64 4 46 102 2 27 22 41 ST1217 AT
MAS2024074 EBR 38 1 3 24 3 2 1 4 ST637 AT
MAS2024077 EER 3 5 3 1 3 3 3 ST639 AR
MAS2024078 EER 77 94 76 34 113 152 2 195 ST1233 ARl
MAS2024081 EEN 245 177 141 126 52 10 6 44 ST1234 AR
MAS2024093 BN 25 4 46 148 27 22 82 ST516 AR
MAS2024094 BN 4 4 1 4 3 2 1 3 ST520 Al
MAS2024095 &N 125 105 108 113 74 76 8 154 ST652 AR
MAS2024099 EEN 195 66 89 117 25 12 4 51 ST955 AR
MAS2024102 EEN 9 10 141 11 52 10 6 44 ST901 AR
MAS2024117 BN 130 4 46 97 2 2 75 41 ST1207 AR
MAS2024136 &N 4 22 186 85 25 2 71 150 ST1244 AR
MAS2024140 BN 20 63 46 94 45 82 48 61 ST437 AR
MAS2024141 EER 3 4 1 1 3 5 1 1 ST195 ARl
MAS2024142 BN 20 1 14 19 5 4 1 1 ST1218 AT
MAS2024143 BN 64 141 46 176 2 22 41 ST984 AR

243 &zh ik A

S RIYLI P LS5 78 o Rl 25 56 H, 7 s b 40
S OKIE L AMHERCERR R 4 SEEZGHLN, L2
R HoA B S R AR mprF (85.71%) . tetA(P)
(73.21%) . tetB(P) (69.64%) 5 R Agws, Hoh mprF il 15
Wb A RSN IR P R 2y, rerd(P)ilid Zm it S
. teB(P)il S AR R L F A5 TET KM 245; ErmQ
(44.64%) . LnuP (42.86%)5 B $E S 0As . PR K
ML, ST RS HER RN ZHHEC; rer(44) (21.43%) .
ANT(6)-Ib (12.50%) . optrd (1.79%)4EH5 FAEIL, X 1A
RRE AR . JE— 0 HT IR, 78.57% 8 TR bk ] it 445

w3 R DL B 2SR, h 2 E 2R AR T
THLA(ER 6).
244 HSHERAALLE O

REREFMER, 20224 D XA AL & N0 & 1E
FR(MAS2022064)5 2024 4F C E A& 5354 8 A 40 B B Ak
(MAS2024093)% .03 [ 41 58 4 R 2K 2021 4F (I A= & 1A 43
B PE(MAS2021021) 5 F4E D KA EE RSB E
PR(MAS2021023) 5 B [l I, AS[RAEGy . Xk B ik T B g 2R
KRR, $ERAAAEE X B EEAEAR (8] 2), AR RAHIE
A A PR R O R R B, T R Ak A B AR
i KEE T
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6 56tk CP M ZHEE X R ZH 6 A4 Z %Al

Table 6 Corresponding resistance mechanisms and antibiotic resistance categories of drug resistance genes in 56 strains of CP
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Fig.2 Core genome phylogenetic tree of 56 strains of CP in Ma’anshan City from 2021 to 2024
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