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Abstract: Antibiotics play a significant role in the disease control of aquatic organisms and output increase of aquatic products.
However, long-term abuse of antibiotics can result in the occurrence of antibiotic resistant bacteria (ARB) which harbor antibio-
tics resistance genes (ARGs) in aquatic organisms. The persistent existence, migration and spread of ARGs in aquaculture envi-
ronment will potentially cause genetic pollution, destroy the ecological balance, and pose risks to human health. Therefore, how
to constrain the spread of antibiotic resistance has attracted global attention. In terms of the research advancement of ARGs in
aquaculture environment, this review systematically summarizes the status of ARGs pollution coupled with the source, migra-
tion and spread behavior of ARGs and their influencing factors, illustrates the correlations between ARGs and antibiotics, micro-
bial communities and environmental factors, as well as discusses the effect of antibiotics, ARGs and ARB on ecological environ-
ment and human health. Thus, the paper reviews the management strategies and removal technologies of ARGs, and proposes
the future research directions regarding ARGs, so as to provide references for revealing the pollution mechanism of ARGs and

reducing the transmission risk of antibiotic resistance.
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Fig.1 Source, migration and spread behavior of ARGs in aquaculture environment

2.3 ARGs TR S5&FENEMEER

IR G PR —Fh A2 NS TR S i A AR T,
Syt — 25 MR K 7 SR EREE T ARG BT S 1EHHL A
N R G R R 2 A IE BN ARGs ERBALHRE 5%

Wi, SEM K= FRIEEREE T ARGs i
LT 325,

1) ASRIREE S0 R 2, 7 i o o V2 it S i P IR 35
o, AN R RAFRIEAEAE T, RERSIEE ARGs 7EA S

TR SRR R 124



555 3]

FPHASE: KRB R RO (ARGS) DR 169

4 40 B 2 ) AT K S R 0 L ok Bl S0k T R R
ARGs fE/KIETIER MY B FEEE, MabFRE,
RN S EFRBUK AR RS/, ARGs BmE", Hk
5T ARGs KRBT RY (NESR . AR
TSYIRE SRR W d T eAh, RS IR
AFIT ARGs B0, B2 THEH ARGs (6 W E AR
ST B,

2) FIEY) A BN R . TR IR AR
YITEE S 22 M & ARGs I 5B BN . HE
Wu 5 GE, RFEWEK IR IX TS ARGs & 7 7E T
F 25, T E NSRRI, A2RN ARGs S i
BRI (P<0.01), Su U BRI & B, BT I A
ARGs e [E B4R 2.45~3.92 1 (P<0.05), ERHEFIZIHE M
R A B, WA, KEEMPRTELEN MGEs
ATREL N ARGs BIACETE B, 1 B A T (intl) 540
ARGs iER 5 AL 2 TR0 IR B vh b 56 R V5 G 1) B R AR
Zhou %V WRSEAGL, fEfA . MOIRIFRMLIE R, M FE L
ARGs (AmpC B-W BB SEIR) A a3, arsB Al arsC 3
51 RS FRCATEIER (int]]) BB FEFMHEXER (P<
0.05), ARGs HA T,

3) FAG I A ARG SN R . 5 IR AR
4 T DX HE 1 1 7K v B 4 S AR R ELA B ] A
NL, RERSIRHEHUA RPTMEMEHRE, AR ARGs (9 F R4
FRIEBR A B4 B RO ARGs IR HE AL 4
HRRIVERT, A4 5 SRR 2 RH2G1E™ . Zhou %
FgEaR T S ABNEE P4 R A E & m e iy U R /R T Refs
I ARGs HUIERSHALIERR . EAL, SRTT LRt &5 e
ARGs B S, W sull LR A EE SRR E A
EARSENE

Zi I, 5 ARGs iER SRR E TR 2%, MiE
A BRI R 2L RE AR H 2R AR BT
Sz et B A AT BRI LU X ARG s (G B HLER R BIF 5 o
H, BUERIRIESR 7R ARGs (B 4% BUE Jy I i B H 25
2, el DUR R BCE AT PR ARGs WU B L FR AT
oy, Hoha@ s ARGs Bl . AKCEHER LR Sh )2
VL B SR 20 L (K ff . JEA# R ARGs TURLAE) . LT
I, A BT R R T AR TR 25 20 B A SR B8 vh A4 4%
SPA IS

3 KPR ARGs SHiAR . MAEY
THEVE MIPAEE R 22 ) A S ek

PUERMHAR B ™5, HiES™Er ARGs A
W AFTE | FPEER B AT IE R AL SR i, 453 ARGs 1Y

TV RERE B KR KA 2 4 T 2 A T 8
Wi, 1fi ARGs FEE AL IR S Z RSN R H R 1Y
T4, Hib, RAUNEIFRE ARGs 5HiAE | MEYRE
MR R R Z M e 04, itk — 2L W] ARGs 723
BN B RS | AL R R ST AR RS
3.1 ARGs 5HiARZ EBXEREFIE

BB, K THiAZE A L F ARGs 177 A4 2 1]
P SCERMLRI A BB . DRI R, K7=FRIE K e vk
ARGs (1 tetB Fll terD) T fig 55 PUPR Z ASHi A= 2 Ay Al
AP, Zhou ZE N R, FREEDN K TR S0 (B Sk FmE N
WBE FTh) 25530 ARGs i Thm, (RIS SkAamils 2ok
RFEYI T ARGs . AEYHHEN A6, AT, $iAR
FEIK 77 IR FE IR 1 43 M AR HF ARG (977 2E o R TTT,
Zhao Z HFSEHER T HiA A ARGs BOTELE MCHA— B
MIXAE, SR, Zhang 255 BFFc BRI, KIT (135
B WA BN sul 28FE R 22 1) G W E A OGE, HLs
TEERPIHERE N (qnrC/16S-rRNA) 321 5 BIE VD Bk ¥ 237
MR, IR, Bm btk E T e 5hid %
MEREE FE A G, RIFE BT Sk R A FHERES | 2 A
N ARGs MBI, Pk Z a8 ARGs 74
ZIAI A HE AR IR I — B A, T — DT RO 9T
3.2 ARGs SREWE% Z BRI KBS

A PR Bl MGEs BB RS RSP, HE
A-FATMX ARGs (50 . TR Sk ) T R E/ER™,
A PIRES S ARGs Z [0 ] BEAA7E B3 A DG PE . 78 KA
I RGP, AR TR 4% 52 ARGs 1Y#
TEOEHE 1Y, BASEE VS T ARB RITCS 1T, Jblss
SRAE AR EREE A B Ok T ok B sk kR
S5t B T RAE ., WL AR BT TR T DLk I B B 2 PR R
H ARGs 5 HWTE ST 12 1] 9 56 AR EHT LM . Wu )
FIFH M2 AT 7 AR R T IS IR (Pseudoalteromonas
sp.) 5 sul2 ZIFEIEM R, S A fg 2
sul LR BT T, HAh, Su Y BISE R, FE M
BIRHITTS sull . qnrD, JEEERTTS floR .| sul2, PLHT]
5 floR ., sul2 ZIRIBAETE & IEMESE R, PR3 122
FESEURAIEN ARGs FET R EZER . IR
IKFEFH IS E DL A AN RE, i T ARV K R
PERZRENE, — ERRUN DA R 2R iR . 768 K7
b, IRE R R S5 ARB. £ 1, ARGs
5T A WA Z AR S VE 3, A S KT 568 I FEHL
TR 2R AT BE S ARGs FOVETEIL 1 3.
3.3 ARGs 5IMERZRZ BRI KB FFE

HRET, /K7=325 7 ARGs 55T R 2 Z AR S 1 R
G ARG = HHALIFBE N Z AL, SR ARB



170 [ = =

18 %

FI ARGs I3 B W35, R B2 5590 19 32 8 S B AR DG OG
2" TSR Z R ARGs R FR, Bl sul KIEHE
T R A8 A0S 590 1 2 190 S A 56 X AR sk 5
PEATER B W % 30, ARG 19 F 1 5 0K 1k 1 S
MEL BAPERLL (Cu), 4 (Zn) WEEH—E MR
P FEAR TS IR A Y R, K S KO TR B
ARGs. #it (S) M (P) ¥ THim, HAR B 54504
ZMHACFRIEAEE R, Rk 4h, Aaf. ot
HEFIIRLHE 45 R R ) 2 A BE h 3R # ARGs 1) B ik 1 2
BIUNTE R R BOE I &E T, ARGs £ BE TR, Hiik
R IR0 3 KA PN T 20 e DR RIVRE Je SR 3k R ) e
Y FETFRCEERREE T, ARGs B94M . TR SAEHEHLHE
LB ZF R RN T, FREEH R 5 O UE ARGs

WERHAE L
Potential host

BETHEATACT AR I B B A5

PUER IR ST . B RETE I SR L R 3R
B TR WA R L ARGs AW 8. ki FEH
RO R IR B ARG (R i T
5% B A 2 A S M LA A W X 2R R BRI it ik
PR IR TR M R S, HAFBEHE Ok, B3Ry
R AR5 RERS U MU E VSRR E, HETTTRANA ARGs 1Y
FREAERAEREIT N, ARGs SHUER | MeEWREE A
PREEIR 2 2 (] () SRS LI 2.0 R SEBFSE ARGs Sk
F L U RV N PR35 IR 2 2 (i G DG IR R R
ARGs TF 7K % 37 5 R 55 1413 437 G 05 U1 M0 () 7 0 )
S, SRR I VR AN B T Y ARG T
HAHES

A RPN
ARGs

W %
Environmental
factor

&
N
/,é;,% s"’(} o
B
<
& -
&
TR oL
Microbial ’
community

K2 IR FRFEIAGE P ARG SHUA R | TR WIS FIPRIE M 28 22 ) ) S

Fig.2 Correlations between ARGs and antibiotics, microbial communities and environmental factors in aquaculture environment
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