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Abstract; Antibiotics are currently utilized extensively in the aquaculture industry, and multiple antibiotic types
are frequently identified in water environments. Antibiotics and antibiotic resistance genes (ARGs) are the sources
of multidrug-resistant bacteria and “superbug”. Antibiotics have been categorized as an emerging organic pollu-
tant, and their potential detrimental effects on organisms in the environment have attracted widespread attention.
Fish intestinal microbiota can affect nutrition metabolism, system development, and immune regulation of physio-
logical processes via its own cell components or metabolites. And fish with a healthy intestinal microbiota balance
can protect fish body health; aquaculture’ s residual antibiotics in the environment will have a serious influence

on fish intestinal microbiota, and research in this area has begun. This paper summarizes the current status of an-
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tibiotic pollution in aquaculture water environments at home and abroad in recent years. In addition, the effects of

antibiotics on the structure, function, and resistance groups of fish intestinal microbiota were mainly reviewed,

providing a summary and new research ideas for toxicological evaluation of antibiotics as well as a reference for

future research on environmental risk assessment of antibiotics and the development of pollution prevention and

control strategies.

Keywords: antibiotics; fish; health risk; intestinal microbiota; resistome
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K77 FRFE e R e — P AR BE ZLAE R P S PE AR
BT ED BRI 2 B ) £ K 18
WRERURRE . #8188 AR
T bR R LA K o i 72 G0 R 4 5 T R 4% AR
FH™ M 38 T A 25 L 00 25 i — 20 5% ey £ 44K 1 2F B
e,

WA, FiA: R B A P A AN 10% ~30% ,
BUE R PR R AR XA YIE AR FE K
IBErh ™[RI, A B RS AS W b A 3 A K
HEEHIE I — PR AR —Sehi g RAE T
FOIEH T g W L BURA T 0 UAE R PR
(antibiotic resistance genes, ARGs)/K 4% | b an#
DL S v v T2 245 ) ] ik e 6 B RS AR i ARGs 78
ANF AR Z (B AT A 47, — BN 4R 1S ARG,
R FE e 0 TH 2 , AT ] LAAE B 45 v 1K 48
FATEY . ARGs TEASHEE T AYMERE ST A e
LR ) 4 Bk 8 e TU A= 22 4 ) L ()™ ) 2021
429 J |, Nature & 3 (2538 SR 1 TEK ™ F2 580
It 50% B 7K 7 55 5 BR B 5% BH A A7 AE it 24
PR BRI, B A 90% LA F /K A= 40 g
AT L 1 R TR R 20% HY 41 B REHRHL 5
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BARK I 000 J7 AFET:, Il 23R AV G A S
Bl SR, Hid: 2 09 1A ARGs 197 2k A AL £ 2
] R SCHRAIL AT A B A, PR, AR SO S A9 1 3%
FE/K IR BT AR R 5k B AR o DA PR R X
KIpIE AR D Re R PUtk 4 52 m y F L 1T
SEETE LIS PREE it A 220t # 2 fg 1 i e A
ARGs 1L RERY 52 M WS ER I 225 | W e K 7™ SR 5H
G BRI BUAE R AR R

1 UAEREFAEKIMERETRE IR (Status of an-
tibiotic residues in aquaculture water environment )
1.1 FREUK IR R PR R 5k B A I R S S L
##(Causes, characteristics and trend of antibiotic res-
idues in aquaculture water)
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Table 1 Concentration of antibiotics in aquaculture water
AR FRFH KRR AL W /(ng-L7") 27 SCHk
Antibiotic type Sampling location of aquaculture water Concentration/(ng-L™") Reference
o} [ 2 ¥ Maowei Sea, China ND ~28.60 21]
rf [t #B7 Beibu Gulf, China ND ~24 42 [22]
r}1 [ B Hangzhou Bay, China 0.86 ~2.67 23]
itk JHe W W 1 E JL VT Beijiang River, China ND ~7 418.00 [24]
Sulfadiazine 1 [ 3t Lake Honghu, China 8.00 ~261.10 [25]
rf [E 4Kk Guilin, China 3230 ~333.71 [26]
1 [E Republic of Korea ND ~5.69 271
i N7 [E Bangladesh ND ~1797 28]
rf [ #R T Beibu Gulf, China ND ~330 [22]
1 El 4701 7 Hangzhou Bay, China 225 ~15.17 23]
[ JLYT Beijiang River, China ND ~29.60 [24]
i iz 1 s 1 E ¥ Lake Honghu, China 6.00 ~260.50 [25]
Sulfamethoxazole rf [E 4Kk Guilin, China 116.76 ~652.69 [26]
[ #514 Yellow Sea, China ND ~343 [29]
v} [E 3% Laizhou Bay, China 0.60 ~1273.70 [30]
&l K75 Tai Lake, China ND ~7 189.10 [31]
1 [E LT Beijiang River, China ND ~20.40 [24]
HEHEAK Guilin, China 18149 ~678.48 [26]
1 [ #F Yellow Sea, China ND ~995.02 29]
BB e s 1 .
Enrofloxacin H[E 3 M5 Laizhou Bay, China 031 ~8225 [30]
A [E K Tai Lake, China ND ~ 18361 B1]
Hi M Guangzhou, China ND ~ 100.00 32]
Tk Malaysia ND ~ 958 000.00 [33]
P [E LB Beibu Gulf, China 431~9730 [22]
rf [# 47 M 75 Hangzhou Bay, China 1520 ~11528 23]
—— i [E K Guilin, China ND ~191.07 [26]
Norfloxacin v [E #514 Yellow Sea, China ND ~8.73 [29]
v} [E3€ 1% Laizhou Bay, China ND ~7237 [30]
#F [ K ) Tai Lake, China ND ~210.57 B1]
LK PHE Malaysia ND ~6 670.00 [33]
rF [ 1L Beibu Gulf, China 542 ~182.00 22]
i [E K Guilin, China 135.57 ~247 64 [26]
v [E] #57F Yellow Sea, China ND ~61.29 [29]
EINISRU I )
Ciprofloxacin 1 [E 3174 Laizhou Bay, China ND ~73.84 [30]
L5 P4 V. Malaysia ND ~ 131 000.00 33]
P V3B & Hailing Island, China ND ~ 186.00 [34]
th[E 4 Guangdong, China 15.80 ~61.80 35]
TR EAT 7S Hangzhou Bay, China 12.35 ~38.33 [23]
r}1 [ JLIT. Beijiang River, China ND ~ 89 40 [24]
h [ ¥ Yellow Sea, China ND ~41.03 [29]
+EHER o} [E 3 M 7 Laizhou Bay, China ND ~175.02 [30]
Oxytetracycline P [E K5 Tai Lake, China ND ~198.83 [31]
w1 [ 35 & Hailing Island, China ND ~ 15 163.00 [34]
#Hg Vietnam 200.00 ~250.00 [36]
#i[E Republic of Korea ND ~9 935.00 [37]
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2Lk
AR FRIHK AR FEAL W /(ng-L7") Z:7% 3k
Antibiotic type Sampling location of aquaculture water Concentration/(ng-L’]) Reference
o} E B Hangzhou Bay, China 9.89 ~34.11 23]
1 [E LT Beijiang River, China ND ~303.00 [24]
3L Lake Honghu, China 98.50 ~1 019220 [25]
UIEZN 3 rf [E 36 % Laizhou Bay, China ND ~1.73 [30]
Tetracycline [ KW Tai Lake, China ND ~250.63 31]
3k 5. Malaysia ND ~73.00 [33]
v I3 B2 &% Hailing Island, China ND ~2 305.00 [34]
JiF Vietnam 130.00 ~190.00 [36]
o1 [E 3¢ F2 1 Maowei Sea, China ND ~ 1 290.00 [21]
A 1 [ L #B T Beibu Gulf, China 0.62 ~45.80 [22]
Erythromycin 1 LT Beijiang River, China 1.00 ~68.80 [24]
Hr[E )" /N Guangzhou, China 80.00 ~ 1 400.00 [32]
1 [E LS Beibu Gulf, China ND ~578.00 [22]
o vp [# 47 M 75 Hangzhou Bay, China 048 ~4797 23]
Florfenic;l P [E K5 Tai Lake, China ND ~2 708.60 [31]
") 7% Guangdong, China ND ~1 282.00 [35]
i [# Republic of Korea ND ~1 600.00 37]

FE T ARG, 5 e SEMNE I 5R 5
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WP 425 | 7 2 Z A £ T M B R

FEHEAEAC A AR I 2 D Bt IR TR R
AR, DA fi R B ity sl 20 oK 77 i rp T AR R Y ik
BRI A A SR B K R P AR B Al 2 Yy
PR SR, 5 2 LA 2R ) A BT A R VR B B g, Ao
KX, HERKTFRIMELEN, miRs %
IKALEWIEBRIARUR , LA 28 g fip 229 2270 00
1.2 FRFH/KIRGE R A AR B 5 | R AR A5 BRI ] Rt
(Antibiotic residues in aquaculture water may cause ec-
ological and environmental problems)
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KR R A 1 807 A B T5 B s 2 3 FR AR A
s AR ORI E R NG IS S SEARE S DN
WP BT A1 9% 25 0 Tl A 2 b (B 500 A 4 R Ak &
PNE R IRE W A R B R R KR
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A S R GUAARRE I, T A7 1t B 20 7K g 7K B 58
TRAPRSFRE 2 LA Rt 28 T B

FRFE KA BB 2R 5k B e 2 o K 3R A
AR GER A A SR RIPHE R AR R



98 s #F

PLINN O P18

S KA R A ORISR 3 e e b 3 2
W AL FEFR A A U R rp R R b AE Zl i |
PIEEEANAR  IF AT RERE I AR, A K A
Wit ARGs HUIERS FELAL T REHL IR A HTAE R
FREWIGE TR, P RAEIRFE KR P 25k P
2 EARGs WY A IR AR  BE M A RRAL,
K= IRIE A YA By SR, SRk I R
LR, 1B F3Z ARGs 15 44 K 7 i o 52 53 7
ST Y BR AR P AT RE S A S BRI ™

2 f@EEFEFEEIEE (Fish gut microbiota function)

MR RE RS 5 A E Y R Rk
e B A Refe k1 E A KR F 4 R518 £
fa e
2.1 4K (Promote the growth of fish)

i 1 R R AT ) AR 2 A T Y R o R O R i
fRAR BRI, AR SFERRE SRR
EIR PR A A B T LA DR E AR 0 AR R TR S e A
W5 1E FE A LA SRS IE SR BER i PV
fi £ 7y A A 1A 5 i G TR RE 4 A U0 AR G
Tan 2593558 , WJE % B L4015 18 73 55 H 1Y Rummeli-
ibacillusstabekisii FERR AT LA i 25 1l A SO0 it A
LT A AT M, X LT LAHS Bl s S0 fh A s R
WY, £ 2 8 e R 3 e i fa iR i AR
AN W iE R AR B Th i A FEAEH] . Fal-
cinelli S R I, £ R ALAF B PER R, BES 4
Jiy 1 H JEERE TR A B3N, T T S R A X e g i
DA A7 16 S SO [ B H b =R A AR DS (an
1it2 . agpatd  dgat2 F| mgI)ZFik T, 215 16 £

B, Semova ™ YIF Y W, JEEBE D& Al LA
W b e AR i 1D TR A B8 B, S35 240 L B 7Y
HEMBESTHIERERIMIZI IR, Kk,
e BRI BURuR G RIE TR S it/ e e
BB BTG AE R 15 e AR E SRS T AR EAE R
2.2 B I)HE(The immune function)

A BRI RIER G, S —IE P2 h kA
FNEAL R, R 1E FER AL JF BA RS TE, B
BB IRRRTERGE, 5 — AW AR 1E PR e R
Gt SN IE R A R G B B )

W T DA AT AR Ay £ 2 e 1 2 — Il B e —— .
RS BUEYE IR E R0k T RR T &
HEERERBEAEH, IR 18 £ 2w IR R F,
Burtseva 555 PG E £ S 738 v 43 25 I A &0k
S DA PR R T LAFE AR SR A P S ik 3% B £ 2K g i

BEAE TP LA E RE BB IR TR s A 1 Tl A 2 0
G5, WA, IiE N Y A 4 TR RT3 o 5 A sl
AR ZSBLANAT B 37 2R SR i N AL 2 e e A Y
SEREANIGEE AN, g A5 TRODUSOAT TR 18 3 ) 1 R B iR
PGB RO 1B HE RIS il
AT ] U A A R AR R R, LT 1 ARTR]
SSRFLLZ BT A7) o 14 5 5% (R A S BB 20K ) A= K B AT
o T8 T A5 028 8 ST TR A B I3 7 1 e i 4 )
ARG, 02 T R AT A3 5 8 4 Ji 3 e S e A oG
20 ML A THRE A S e AR . DFSE R, 12k
R AETEN TE T B 40 B SR RN e it v R 45O B
VEFI®H Ji T8 - i 200 JE0 178 S AR s s B % S vy ok
FROYE By, 5 IO S A L, % Ge4m 53 1Y B
e 5 b Rz 0 S B R 2 TR B2 IS AH DG 119 e PRI 3
IR T Y U fi T R T A e A ) A2 A
(PRRs, 4l TOLL 32 & RIG-I #£5Z {& NOD #f 37
TRFI AIM2 R 32 44) DX 739 s A R34 T, PRRs BE
G0 38) 240 TR B BT A OB S LA 5 S8 i
I, 40, TOLL B 32 /R 55 2 PRRs HIAR AR,
RETFUN A v 1) DR < 254, T AR S5 R0 8 15 H 928
FIRAEANNE , T IS 3 A 54 B g i, i
GER B B W R 04 A0 Bt £ i T T IR T | B IR T S
JEASE I, B TOLL #5214 RIG-1 FE3Z /K F1 NOD
FEZARME @ B FEpE Efarp ) Ji i e A 4 e 2
Hh PR A 5 4R 1 T2 SR U, A 0 Tl i TLR/
MyD88/NF-kB {5518 #% 175 5 fi 4 20 M X+ A 400w
T BT FIRT . MUSAR i 18 B R v 40 5 45 3
1Y Lactobacillus delbrueckiis sp., #% " £ 45 B ffi 4y £
DAWFFE OO 3l A i JR 48 % B AL 52 e, WLge
FACPRAA I T 4H A0 R R 4 A A W = TR
MR T T R WITEI A I A Y 17 &0 T, B
ANRE AN T 40 M T8 [ A 2 I A% (] i S e Bk A
A WARFESIEY
2.3 HARE AR TS YY) AU BE 71 (Enhance the
ability of fish body to resist environmental pollutants)
HMIGAE 5 YL ) B Pk RT A T G 40 B AR S R
MK, WFFEERE, R A BRI TS Qe E WA e Ak,
X SRR PR IO I KA B BB £ BR Nk
Yy B PR A FCRE ALAESY  WRSEIER i 1B
AR 1 R WA RE T T LUA R AR 22 A0S g,
T NI = R (TR DYNE ST 5 S
2.4 JHiE E#E-5%%(Gut microbiota and disease)
IEHEOLT , R E R 2R sh P4
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TR IE 5 A BRTRE . SR, R AR AL, ok
YR 5 Y i s R RN 4 TR RS e A5 34 T
T R i T TR 1) - A AN AR, F I AT R - 350 i
PR S0 A, 5 A0 A DGR 1 R AR B DA G

FEZT 55 1) B 60 7 1 TR R 22 A T R AR M ek
A5 S B TR LR IR SR TR RN A B LG A B
BN I PR B Y 1 i TR R 2 AR A
SIRETR B, B B X, % B S 9 TR AR R X AR
B BRI Y [ 11 £ i T8 R R 2 AT T I
Jir A 2R B B TR f N BB I R B LA
iB Dechloromonas 1 Methylocaldum %5 255 B8 Fh
e, i — - R BRI SNEYEY) A %
i FNAR LA St K AL & 1 ARG 5 | 3 R e 2 in Ji)
9 5 1 & U Parshukov 557 5 F8 g T 68 ( Jiz ik %
11597 | FaBE IR AE 32 1M A% 18 R 0E ) I i B I 2k 4 7
Wy, K B0 RE i T 8 iy 3 b ) =B B T 1R AR TR T
T AT | JERRE TR R RORE T T {5 A £ iz i v
RAUAT B FARAT I . R8s 2 I f0 (R ik ot e M o
e MRERZE M) 18 TR B 2 A0 T R, BRI T THUR
MRVA T LR e 21T IR e A S AR 71 s Ay e
FERES, Ye FORM ERBIIKE T, B4
J 18 RO BIAT TR AR R TR AR B T ) S
fing BEAN AT R A3 I S 25 N 4 I A B 28
AEACFNE FEABUBARAS 13X T B QP s (AL 45 1
JHERIER 5% 22K B s ™ B AR 1y

3 MARWNEXRBERHEMMNIERN NI
( Effects of antibiotics on intestinal structure and
function of fish)
3.1 FEMEIEIRZE P14 Z (Fluoroquinolone antibiotics)
T FME T R 2E i A 200 (.28 i a8 T A S e )
WF9 T2 SR e JM VA TR B0 A 21 MR K i S
TR LI (R 2), FREKT B BT B AR R 2
S N 77b e VAT AN N N N P R
FERE LLAFIBE AN, SHeA T, 0 30 B 25 L 25 i — 2B 52 e B
ot i G 2 D eV g 2 25 B TD AL (25 mg -
kg™')5d J& , o T v SUURF B A SIS D 4 T
JRANGEAT R R ERNTEQ mg-LT)
S FEE A IE ARG ) R RE T FIIE R T
S R T) AU TR 1) AORE TR )9 ik — 2D
FEUBIEA R AN D S S8, i b R 20 IR
FET R ER T KT IR R R R EUR B
1173 TE R 2 R 35 AR, R TR B T) AR R X 3
WEAER, (ELERBE TR 199 0, TSI RERY M R, i

SRV P ) 440 B AR L 20 B 7 A L A R
R A kA KT
3.2 UM EZPrd: E (Tetracycline antibiotics)

DUPR P AE Rt S T R T 5T LU 7
g3, PR T % B R B A ) R A 2
HEEAFRAE AT T M BIFSEHGE DU PR 2R A
IR AR 2R 5% 7 2 07 8 RS A D fig
ISR (R 3), 3Lt 2% 58 T IR 55 K7 /Y U BF R
(1 pg-L7"F1 100 weg-L™")J5 , Bl o i 2 A v g,
AERT T AT BT UL S JERE G ] 0 35 R AT A
I TRIERE B T 0% B3 in, 2F 1S 3508 ) £ A T i
B DU R R EE A 21 d, Mg IE 2
S0, MR AT TR T HRA R RE TR 1 A X O S R i
FEa BB, Aok Jm sl W R AL it — 0 %
e a AR, AR 25 PR R T it R AR R
WL 2507 )+ 85 2R Y e 2 o g 1 T R A
BT S SO RGN, SR AT RE G, R
IR R R B S 10 7 18 H B 2 R PR D AT
BT 1800, FLA VAR 251 B A6 B R i 448 ™
3.3 {24t & (Sulfonamide antibiotics)

T RGP R B 5T 3 B4R T e i HH S
ik e [F) PR A B (3R 4, A DI 2R 58 T P 5 R 2 it g
FROEmE( g LA S pg- L) P EEURE R AT /Y
R IAh , — SRR dE R AE M) & B A Ak
R M AEY R B RAERBEEN TR E S
FET R O E(S 90 1450 wg - L) AR ER LA B
B3 i, B E DRI R B ETT
B, JREEE G 0D — S ML B0 TR R A A R
H Clostridium sensustricto 13 3 DL [a] 5] &
itk e HH 0 Wk 25 285 4] g S 2 5 T £ R i 1 TR RE 4
BB PT A S BRI 5 5 S I O 1) M A R A 2
PR AT A —3, X AT REAZ 45 25 0 i 45 24 I () A &
S A 22 5 T R R (RS i e 1] HH A0S BE (200
mg- kg™ FI1300 mg-kg™)MFRJE B B A 4 J4
Jo S R R N T R e D SR RE TR ]
CEAEFF RGN, I 85 10k 1 8 W bt A
E 71K e
3.4 HAFZEHT A (Other classes of antibiotics)

LA FR ST A F0 (0 A Ji7 3B TR E 25 AL R D) RE A
A PFIE (R 5), Hrh o e BP0 g i
%, WAMBA AR DIHRIEAN TR IR G YRR
Jo T DA R R 5 e P2
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4 MEENERRNESHEHNR N (Effect of
antibiotics on antibiotic resistome of fish)
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enrichment of resistance genes)
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4.2 PulERBE PN F 4R (Antibiotic induced
resistance gene transfer)
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risk of antibiotic resistance in fish)
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5 #5285 E 2 ( Conclusion and prospect)
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