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Abstract

In this study, the resistance gene carrying of Salmonella was analyzed in the representative marine
fish of Shandong and Liaoning, the key species of marine fish for intensive aquaculture, including the
large flounder (Sciaenops bivalentus), rainbow trout (Salmo salmon), and Xu'’s flatfish (Pseudo-
sciaenops xu), were selected as sampling species, 103 Aeromonas salmonis were isolated to analysis
the carriage of resistance genes. The carriage of floR, tetR, tetA, tetB, tetB, tetC, tetD, tetE resistance
genes were determined by RT-PCR technology, and its resistance was determined by microplate dilu-
tion method. The results showed that: (1) In this study strains carrying drug resistance genes ac-
counted for 87.38%, the tetR resistance gene carriage rate is much higher than that of floR, and tetA
had the highest carrier rate of the five tetracycline genotypes; Shandong province had the highest
number of strains carrying drug resistance genes; While with the extension of drug time, the carrier
rate of resistance gene decreased first and then increased. (2) 86.41% bacterial strain showed re-
sistance to doxycycline and 37.86% of the isolates were resistant to florfenicol. In conclusion, the
drug resistance of aquatic pathogenic bacteria is complex and variable. When diseases occur, drug
resistance testing should be conducted promptly to select antibiotics with high sensitivity, thereby
accelerating treatment and reducing disease losses. Additionally, based on the compatibility require-
ments of fishery antibiotics, a combination of multiple drugs can be employed to achieve rapid and
thorough eradication of pathogens, preventing the emergence of drug resistance.
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1. 3]

kS B (Aderomonas salmonicida) 3 J& T y-28 T B 49 (Gammaproteobacteria) < 5. il i H (Aer-
omonadales). S} 5 Fl(Aeromonadaceae). < H.Hf 1% J& (Aeromonas), & — RS2 R, T 1894 FE1E
SRR A R Y B R[], 2 SRR AR 7 o CIITLSE R R RS I B L
W 5 B R K = IR B ) R g, AR R PR R B R Gt AE B 2 SR B L A R I, AT AR R e B B

Tk
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ALYt | BE 2], EAREZRIE[3]. SRE T HET. VFIC T[4 2 MR MR, HiZE SR .
FEYe 5, ATTE 48 h PARFA (0K aE RGE[S]. B AT, 1200 W 116 2 O JHBR T2, 2017 4 Varshney
A FE[6]0] R SR B 5 B0 PN g N 4k R R IR P 58 3R AT T 4RIE , 2019 AEXS AR S [ 7] AR A 9 43
HREES AR, L A W IRSY RSB S, NIX R AR O] DL % e R B BT 4%
71 @AM RE ST A BT T . — M, RS R B B3] PUMEK[8] [P 4
EERUR,  FIRT R T IX R A SRR, H RTRK PR AR R R 2. AR, B DU RS
FHAERR (3G 0, 55 J5 BT AR TR 24 7 0 ] e B 2 = A=

AARIGET X 2020~2023 FERERE R IR T 2 HURRIRIE IR R 103 7, W25 HT
FOM R JE A DY PR R 2GMII I 2R Y, FFIE AT 3R JE B (oR) I VUIE 22K 245 W (tetR e 5 FhAE A 7Y
tetA- tetB. tetC. tetD~ tetE)Mi ZjMEIERAGI, 75 IR /3BT 24 L R R AFOL, DA B A 1
5%,

2. MR EREE
2.1. EHRFIESTE

AT FUALE P BR3P  BRRAE E LZR OT U IR RS 0 L AT PP i 7 B ot o 14 8 A A 0
FEA, 20°CHEFR T 1R A R OK A1 BUBR R R B lE R R B (L 1)

Table 1. Culture media composition table

T OBEFEHSER

BB AR 2y 5 4R B HE(g)
Sl NG| 3.00
TSA [l fARs 375 FAbEN 1.00
Biflg 2.00
TSB Wik 2 %%Qﬁﬁﬂ%% 3.00
A 1.00

E: FRGEREREESE 100 mL Baikd, FKEH 121°CKE 20 min 54 8.

2.2. HETHZ5 MR

YR 25 A R R 2 W R () A PR J1 A7 1K) 96 FLZG RS IUARGEAT, I S A o 7™ A 4%
M P Ul B Fadt AT #R A, B BRIT

AR E . PR IR I =R E 0.5 2 IRAAL 3 B

TR AEFAPEXTIRALINA 100 pL 258505 Rh s TR

I B 1 SCRRFRBININFERE L IR 60 pL BRI, TR, FARSMEHEL 100 uL 20N A 2
e LA

Bi9R: MRAEASFR R B S B A KR, 2 RIE 22°C~28°C ok ft, TRNIEIRIFIRFTET IR 24 h;

FISE: LGS AR ST 29 BRI VEFL R, B R S R AT 2.

2.3. BE RE IR Z5E E

HREUE K T 2535 A floR A1 5 FhIUUIR R KRZGW) tetd. tetB. tetC. tetD- tetE VE NI %, fdiH
25140101 [11], Wik PCR KD PR 73 B8 A% RS 50 B B P il 24 2 DR i 1 00, %5 75 211 PCR F B
HEAT I 36 UE (L2 2).
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Table 2. Primer sequences used in the study

2. 5197

i 24 22 [A] IRV EA S 2l 5P (bp)
floR A1 CGCTCTCAGACAGAATCG

floR 304
floR AS1 GAATATCGCCTGCCATCC
tetA B CTGCCTGGACAACATTGCTT

tetA 973
tetA F GTAATTCTGAGCACTGTCGC
tetB B CTAAGCACTTGTCTCCTGTT

tetB 416
tetB F CTCAGTATTCCAAGCCTTTG
tetC B GGTTGAAGGCTCTCAAGGGC

tetC 550
tetC F TCTAACAATGCGCTCATCGT
tetD B CTGATCAGCAGACAGATTGC

tetD 1084
tetD F ATTACACTGCTGGACGCGAT
tetE B CTCTGCTGTACATCGCTCTT

tetE 1160
tetE F GTGATGATGGCACTGGTCAT
tetR S3 GCTGGCGGAGAATCATAC

tetR 363
tetR AS? TTCGTCGAAGGCGTCTATC

3. REERS o
3.1. RS EREHRAERETRELRMNER

ARG o> B H I 103 FRERRMERRIERE T, 90 PRIEATIN 25 3L, Ik 87.38%. HH: floR.
tetR A PEFLRHE R 25080 68.93%. 83.50%, DUMEIRAW) 5 kDAY 24 1 1L R 4555 2 B im0 A
tetd, PEHTERK/NIFT N tetd (70.87%) > tetE (8.74%) > tetD (6.80%) > tetB (2.91%) = tetC (2.91%), (L&
1.
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Figure 1. Carrying of antimicrobial resistance genes of Aeromonas salmonica
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3.2. TR RES B RERAERBEHFELRNER

AEFFT B HEE 20 PRIF B T8, A 2R R R B 19 bR, EE 95.00%; 83 #RUEH LA
A, W 251 B A 0 IR 74 K, A EE 89.16%.

LT BRI floR. tetR TN 2 PEEERIHE T 273 719 70.00% 85.00%, tetd. tetB- tetC. tetD- tetE
i 24 1 B DR HE 17 2R 43 51N 75.00% 10.00%- 10.00%- 20.00%- 30.00%, fiif 24 1 3 (R #5717 2 K/ NN tetd >
tetE > tetD > tetB = tetC.

7R 7 BSIR B B floR- tetR T 25 VE B DR 57 2 73 71N 68.67%- 83.13%, tetA- tetB- tetC- tetD- tetE
i 26 1 L DR HE 7 R 23 N 69.88% 1.20%. 1.20%- 3.61%- 3.61%, it 251 IR R K /NFFE N tetd >
tetD = tetE > tetB = tetC, (.14l 2).
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Figure 2. Carrying of antimicrobial resistance genes of Aderomonas salmonicide in different regions

2. PRI REES B EEMH M EEIEHHERLE

3.3. TRIEHARES 8 RERAEREHFELRNER

AHFFTH 2020 SE5> B SR 1S MR, HEAT I 25 M2 DR R iR B O B 86.67%s 2021 4F 43 BN SRR 25
W, A5 245 PR L DR 03 S TR 7 B 84.00%; 2022 AR BS IR TR 25 PR, 455 24 P DRl A0 R o B
84.00%; 2023 477 BEJR IR 38 #k, 455 M 24 11 L DAL AR S AT o L 92.11%

2020 4E floR+ tetR T Z5PEFE RS R 735N 60.00%. 80.00%, tetd. tetB. tetC. tetD~ tetE MHZ5PE
FEDHEAT BN 66.67%- 13.33%- 13.33%- 26.67%- 26.67%, T 251 FE R HEH R A NF N tetd > tetD
= tetE > tetB = tetC.

2021 4E floR- tetR T 251 HEH R 73 5N 64.00%. 76.00%, tetA. tetB. tetC. tetD+ tetE THZ5PE
FERHER R 5N 64.00%. 4.00%- 4.00%- 12.00%. 20.00%, i 25 PEF R EH R KDITF N tetd > tetE >
tetD > tetB = tetC.

2022 4E floR- tetR T Z51EFENHEH R 73 5N 76.00% 76.00%, tetA. tetB. tetC tetD~ tetE T2tk
FERHER 5N 68.00%- 0.00%- 0.00%+ 0.00%. 0.00%, it 251 FE K R KNRFE N tetd > tetB =
tetC = tetD = tetE.
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2023 4E floR+ tetR Tif 25 PEFEDIHERT N 71.05% 92.11%, tetA. tetB- tetC. tetD- tetE T Zith
B HEH RN 78.95% 0.00%. 0.00%- 7.89%. 0.00%, i 2451 3L K415 3R K/NIF A tetd > tetD >
= tetB = tetC = tetE, (W.F4 3).
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Figure 3. Carrying of antimicrobial resistance genes of Aeromonas salmonicide at different periods

[ 3. NERTHIS S B RE T 2R E ST IR 5E

34. RESARBEHAMEMNELE R

ARWFFFTA B 103 MRAESEMEETE 64 BN EERZBUR, St 62.14%; 39 BEMZE, Slt
37.86%; 14 FRXTIUIARISMURK, (HEE 13.59%, 89 FRil2y, itk 86.41%, (WL# 3).

Table 3. Resistance to Florfenidol and Doxycycline of the strains (%)
3. RERAMNAXCE MR L AR AE%)

R RAEH ENEFUES N
RGO01 26.67 + 0.69 32.12+0.83
RG002 29.11+0.42 17.80 +0.32
RG003 26.67+0.57 32.12+0.58
RG004 0.00 £ 0.00 30.73 £ 0.81
RGO005 0.00 £ 0.00 30.73 £ 1.37
RG006 26.83 £0.50 23.58 £ 0.59
RG007 0.00 £ 0.00 0.00 +0.00
RGO008 0.00 £ 0.00 16.11£0.13
RG009 0.00 £ 0.00 0.00 £ 0.00
RGO10 15.31+0.53 1291+0.17
RGO11 0.00 = 0.00 1731+ 1.14
RGO12 33.82+0.33 22.92+0.92
RGO13 15.31+0.03 12.91£0.20
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RGO14 0.00 =+ 0.00 17.31+£0.57
RGO15 33.82+1.56 22.92 +1.37
RGO16 0.00 + 0.00 17.31 £ 0.58
RGO17 33.82+0.31 22.92 +0.32
RGO18 15.31+0.59 12.91 £ 0.37
RGO19 36.07 + 1.32 14.22 £ 0.66
RG020 36.07 + 1.88 14.22+0.14
RG021 36.07 +0.41 14.22 +0.83
RG022 27.21+0.65 21.69 £ 0.40
RG023 0.00 + 0.00 29.91+0.12
RG024 2721+ 1.24 21.69 £ 0.40
RG025 0.00 =+ 0.00 18.62+0.52
RG026 27.21£0.10 21.69 +0.58
RG027 27.21+0.65 21.69 +0.38
RG028 0.00 + 0.00 29.91+0.38
RG029 0.00 =+ 0.00 27.33+0.59
RG030 3.10+0.17 29.95 +0.24
RG031 23.02+0.77 22.44+0.51
RG032 0.00 =+ 0.00 27.33+0.58
RG033 0.00 + 0.00 2733+ 1.17
RG034 0.00 =+ 0.00 27.33 +0.46
RG035 0.00 = 0.00 27.33+0.59
RG036 3.10+0.23 29.95+0.10
RG037 23.02 +0.06 22.44 +£0.53
RG038 0.00 =+ 0.00 27.33+0.59
RG039 24.92 +0.62 20.31+0.59
RG040 20.66 + 0.39 15.26 + 0.65
RG041 24.92 +0.62 20.31+0.59
RG042 20.66 + 0.58 15.26 + 0.64
RG043 24.92 +0.81 20.31+0.61
RG044 20.66 + 0.39 15.26 + 0.83
RG045 0.00 =+ 0.00 14.01 £0.76
RG046 0.00 =+ 0.00 14.01 £0.22
RG047 0.00 =+ 0.00 14.01 £0.74
RG048 33.39+0.68 20.04 £ 0.09
RG049 0.00 £ 0.00 0.00 £ 0.00
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RGO50 0.00 £ 0.00 11.28 £ 0.61
RGO51 0.00 £ 0.00 0.00 £ 0.00
RG052 0.00 £ 0.00 11.28+0.24
RGO53 0.00 £ 0.00 19.24 £ 0.65
RG054 0.00 £ 0.00 19.24 £0.63
RGOS55 27.25+0.64 20.48 +£0.49
RGO56 27.25+0.51 20.48 +0.35
RGO57 27.25+0.01 20.48 £ 0.49
RGO58 0.00 £ 0.00 21.29+£0.55
RG059 0.00 £ 0.00 0.00 £ 0.00
RG060 0.00 = 0.00 21.29+0.62
RGO61 0.00 £+ 0.00 0.00 £+ 0.00
RG062 0.00 £+ 0.00 13.12 £ 0.66
RG063 0.00 = 0.00 28.24 +0.63
RG064 0.00 = 0.00 14.73 £ 0.35
RGO065 0.00 = 0.00 16.96 +0.16
RG066 29.41 £ 0.47 25.13+0.81
RG067 2542 +£0.40 20.14 £ 0.45
RG068 0.00 = 0.00 16.11 £0.72
RG069 0.00 = 0.00 32.42+1.70
RGO70 30.66 = 0.96 16.11 £ 0.65
RGO71 0.00 = 0.00 0.00 = 0.00
RGO072 0.00 £+ 0.00 13.12+0.59
RGO73 0.00 = 0.00 28.24 + 0.65
RG074 0.00 = 0.00 14.73 £ 0.36
RGO75 0.00 = 0.00 0.00 = 0.00
RGO76 0.00 = 0.00 15.94 +£0.23
RGO077 0.00 = 0.00 16.96 + 0.75
RGO78 29.41 +£0.55 25.13+0.52
RGO079 25.42+£0.02 20.14 +£0.47
RG080 0.00 = 0.00 16.11 £0.43
RGO81 0.00 = 0.00 32.42+0.83
RG082 30.66 + 0.58 16.11 £ 0.65
RGO083 0.00 = 0.00 0.00 = 0.00
RG084 0.00 = 0.00 16.11 £ 0.13
RGO85 0.00 = 0.00 32.42+0.54
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RGO086 0.00 £ 0.00 0.00 £ 0.00
RGO087 29.41 +£0.53 25.13+0.70
RGO8S8 30.66 + 1.00 16.11 £ 0.65
RGO089 0.00 +£ 0.00 13.12+ 0.64
RG090 0.00 + 0.00 28.24+0.65
RGO091 0.00 + 0.00 14.73 £ 0.35
RG092 0.00 +0.00 0.00 +0.00
RGO093 0.00 £ 0.00 0.00 £ 0.00
RG094 0.00 £ 0.00 0.00 £ 0.00
RGO095 0.00 £ 0.00 14.67 +7.34
RG096 0.00 £ 0.00 15.65+2.67
RG097 0.00 £ 0.00 17.29 £ 3.06
RGO098 0.00 £ 0.00 21.24 £ 0.44
RG099 0.00 + 0.00 17.79+£3.28
RG100 0.00 £ 0.00 21.43+0.63
RG101 0.00 £ 0.00 15.52+2.71
RG102 0.00 +0.00 17.89+3.17
RG103 2394 +11.97 2532 +2.55
4. W

4.1. RS PREHGEERT RS

tetA. tetB. tetC- tetD F tetE FEIK /& tetR F it HH B B PUIR R 245 2[RI 12], i ZMai 2R 25 A 1R IA,
AL S AN 25 L AN 13] [14]. Nawaz Z5[15]170H7 1 81 WRE 54 B/ 2o M 1 (1 D3R &£
iy 24 B G AT I DL, IR tetE AMFHIER; 5 FIREE FA 2 Kim S5[16 0 R SRR B EEE12]
X 4 IO SRR IIE TR B, tetd FEPRRS 23R B T HAR DU ML R, X S5 AGRIS 45 FAR R, AR50 pir i
I 103 R ILTL B teeR i 25 3 R4 28 CLIA 2] 83.50%, PUPAZELGH) 5 Fl PR 20 wh 5 iy 6 A v
N tetd, EHTHRIK 70.87%, 0T HAD 4 FPIERIA, XK terd FERTEFE ) DUBR ZK i 26 14 77 i kT S B
F, AR 25 S84 R im i AL AT 2555 K. floR % WINEFE R4 ER, SEERDLHEE
JeHEfit A %, RESIMER G IISIER17][18]. DIREE[ 191207 T /K= 25 U5 /= o 1 i 24 3
BRI E L, S5 RRH floR K Z 46.90%; A IS 45 15 9K & 5 i 24 5k (R 1) 455 15 %215 68.93%,
BT JRUER g R, VLA R A AR A IR R TP R e S B, (E15ET floR HITH 2
BRIARAB AN T 75 108 ' 4R, 385 BSOAS: HH e i 14 25

4.2. FREIMX FRES 8 EEHAERBEFE RS

H R B R B 51 A O 1 S AE A BRVE I N )iz AR 3, JRE 2 A 55T 2015 220 A LAS
5 S FR) P JEE T R P 00 AR B R S TR A A, A RE(210F 2018 SR WAL ST S5 B FOHE S i b A
JrEHZIE, VEBRIAE[22] T 2020 SEAE 2B P R SR AR ATIUIE Hh 23 25 1 3 pROR B R T, JF
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MELFE 25 CIURTFRIREE T, %M MR A1 1S CI K, T BAR[2317E T 7548 Eh 17 AE s 5 A Py
JrEH 1 PROREE SRR, XUMIZE A e EEE N G . AT AR, I TR AR IR
AP BRI T AR R, A R IR, 209 89.16%. 95.00%, AU TTHIRAFE X I A AL T34
PRI FRTEIX , KA LA RS, TR AR PR L S AT 24 T AR 24 2 R 25 5 72K
PRRERIE BB, SO RS AW TR AR PR 8, 315 AN ) X PO T 245 22 K] 485 o 3 S AR
AT RKT

4.3. TREIRHAFRES S EEHAERBEHFE LS

AT, 2020 FEHE A 24 1 I R 76 TR 1 L Bik 86.67%, 2021 4F 2022 £EIE A FRAK%, 19 84.00%,
£ 2023 FILE] 92.11%, XFTRESZ5W K H1 T B BFES S 25 B 8 (1 /KPR RS A 00 . 45 T 24 255 DR
JFHEBEEEAT, B RS TS, a0, R, RS 2 BT
PEAEB IG5 . FEMR NI 4 18], teR #7023 Z =T floR, 3 AT R W RERIEBIR B VA 1T FEd, TURR &R
KW HEERTHRAEH, A TR S M B U R IR T ROR e %5, AR ML
AR AT IR AN 5T o

4.4. FESBREHAEER S

LIV VAL 254008 0 SR A AR KRR R R b, KR IRERR R BIZGWRT A . R
J& Aoki SE[24] I TR, RUE T N TR A fiek e (05 R RAR B T I A M # SR 2 T R I 251,
TPHTH 175 BROREESBIEE T, A L 96.00% A9 J5 B o H R 25 PEARR AL, A AAT SR [20 0] B B O fik
AR R 1 29 U EAT T INE, WETCREL, ERTIE R 21 A, RO R e KA E R R
DL BB s TR SERESR (25| 0F T A B AR ek I e P BT B XSkl b o BTBEPEAR, A EE L 3
WP E. IR, SRR 21 MY RILIMBURYE, XEERam 1, X&)k, i
SRR e SR PR TR R R . BRI TR PIBLPUAR, SRAUMEMRIR ZG, X ERIRE UM R
S HUETT L, AN [ PR R DL R AN [R] 3 B SRR PR % e R R I R 2 U E A AR = R . AT
Py B 103 FRAREE TR A 64 MROU R e B UK, 14 PRI DUPAFRMBU, RUIEFREL R A
AREVUIR R IHUR MR S R B TR B 5 . IeAh, EMERRE, REVUM RN 25 R 80E
FARTRAR, (EREE AT 2 N, e 251 i AR B AL

4.5. RS PEREHHBELNHGERSS I

R HERTIFRRIL, KSR R KFE FRRE KSR K floR JERIEM R H1N 33.00%-
36.00%, XA JEH M 2 MIH 5.30%, 1M /N [28 18 57 R BLE 7K 5 B %o 462K JE 25 5 T B 1) i 24
PE, (HENRAIH floR FER; RBEHAE[201RF FU R B, 5 B 50 R X IR JB 25 [T 24 %608 27.28%,
X PUFF 2 BTN 25 20k 33.33%. ARG, 4 floR Ml 25 VEFE R 0 TR B BN 71 bk, TR R B %
i 24 (10973 B R A 39 R, 45 SR floR FED T REAN 2 5 50 Je I AN R, 16t 5808 JE i 24 P 1)
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