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Antibiotic resistance genes in livestock and aquaculture
environment: a review
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Abstract: The vertical and horizontal transmission of resistance genes in the environment makes antibiotic
resistance as a global problem threatening human and animal health. Animal food is an indispensable part
of human diet. Due to the overuse and abuse of antibiotics, antibiotic resistance genes in animal farms
should be concerned. In this paper, the source, transmission routes and influencing factors of antibiotic
resistance genes in animal farms, as well as risk assessment and control techniques are described, and
suggestions on the future direction of researches on antibiotic resistance genes are proposed.
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S5 14 ANIRTBRGENR T BRI AR 25 E KA T3
11 %11 (2016-2020 4F) ) (http://www.gov.cn/xinwen/
2016-08/25/content_5102348.htm), 2020 4 4 H
1 H, PELA AR CEATT CARAMARAFRI 2
JTRT 520 2020 AR E il e IR 5 < TR AT 80
38 %11 ) (http://www.yyj.moa.gov.cn/gzdt/202004/
t20200401_6340570.htm). {H i FHiAEEER—F
TARHES IR, RETREBFNGT 7 S | fe ik sl Ak
K gaf A ], R HEAR A TR RN, R,
TE SEBR A FR 58 A 77 il AR P A BT AR R Y T
VEATSSRAE F I T , AR B R 7 A I HE T 3 R 35
FOHTAE 2R HUME LA [ BTG SR 2 T S I

PiA R TAE b A s gy, WAy —Fb
A8 1 £ X n 3 B AR &R Bt M L ] (antibiotic
resistance genes , ARGs) Fl ffif £ (antibiotic
resistance bacteria, ARB)EME, Xt T 3258 Fh85k
Ui, JRZ<# ARGs 1 ARB B sh#HEH A%k 724
S5 P IR B R A 25 Y . ARGs i
13 H 5K 5 (horizontal gene transfer, HGT)
TEMSE . . NRTEIESE, RAEH N
RE S, AR IEFRTE 80% LI R ARG £
FFE P ERF R BUE R S8l &k
AFZS IR . G S AR o PR A ) S
BEE LA RBOMEER], FRFEFE ) ARB 23]
I 22 T 2 1 e SR a3 ORI 5
A GBI T MERE IR, SR A 2 2K 2
ARB {2Z&)5, RN YRR 2k BT,
M-S BCHAB BRI T T R BRI A 2R

2020 A <HE M2 i s F AT B )
VB i 2 A ) A B 22 5T, TP R R Vs G
JI i A BT AR 2R R0, W] RESE N FRAE A 7 RN
FIATE T I O MERE o PRI, ASSCIIR T 57 5H
WU R BT SE AALfR A Mg 5 3R
L% R A A BRI, X ) 55 5 BT h AR R B
SETE S 5 MK L R 25 T 8 & TSR BT 4
PR IXUBSE BRAR | P DA B AR, 3R 45
FRFAFREE 4T A R B i R 4 1 1 DA 52 O ) 1
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1 SFHERERHAERPEERA 4. £
S 2NSE

1.1 FHE5%E

Hh R RO AN Ol K ] B TR
AL TR AR M Y 46.1%) . X TR R A
I KU, FEHE IR 1 5 e B LT X JE L))
Ytk 25k Ik, 28BN T, AT
fi A PEFEARZG I, ik R SR A T
TR . KILLAE, P FZHEABA fEn [RIE
RS, Smiiz A B, a8 sh ik AR ik
Yir=A: ARGs, FHHEAREE, ¥ K544,

ARGs Z B AT iZ 3 A T ARG, (A=
AR T EEME . ARGs 1] LI BEE WAE YITE AR
A BRI B2 BT RS , He BAEE AF T 5
A Z KR . 4 ARGs 3% ARB i
ARG, ASERE LA A 53 2455 T8 B R R 4% 88 5 =
Ze o AW 1B R o AU ¥ Y1 3 LB U £ = N Y
i 4y AR A R A LA T AP A2 U e
S AR R, A e 5K SR S K ok s e
Y, IR ZOK AT REH , 208 VRS K A il
Ykl X — e R EJE—FP IR, AT
ZWE A, XA TN EI AL T ARGs 5 ARB
Pt FH SRR L2, S5 2 A A (R
R W 1,

AR VAR Nkt P A FH s, Hr gk
AT A AR ARGs [RIRE SR A A K H
AR AR A5, QAR VR & 2 | i
5k v B v T 2 440 T L U1 K 3
FEMEAE AN, —J7 T 200 TSR UAE Y RE I 25
M= Asg e, SO RERR DIRE s 5 — 7 i S {4 4
i) ARGs MR oo+ B &4eTE, 55 ARB
(e SRR B S P R POME L B SR A
IK B IKAR 245 S, e Bt A TR 51 01 K3, o g
R T 3G i S B A U LR A R B i
FAT VAR E RN 2 O b, AR
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Figure 1 Schematic diagram of veterinary antibiotics entering
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WE . BEFEEM, 375 57181 ARGs £
iR TRAGY . ARFMSRBPUER R
FRFXEGHIBRIVL . B ULFRFE , 85 % (4 5 B IR DU AR X
IR FIAG B A R,

L L RTIR SN SRR P A R AR A
Ji ARGs Al IR o382 2% . IE ik, 4xih
T SRIEINE T ARGs BURZIR A 2, X T Bl
SR IR AT ARB MR 2528 A R E 2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RRBHIE S5 FRAR R Tt A RTPERE R O WS 0

3473

2 FRFEAIREE P AR R Bk Ak B o XUR Ay
Ti i B IR 4 e

SR TR R B B R B
36 28 NS CTEXT U [R)ERE ST AR 04 i 1 B R I
R, sul2 B sorB TEZREFIA B AHERY 18 HhAe:
HE RS K IR IS B D I S 5 £ R A 1Y
A AR TR RN AR B K A
K iy 2506 N & LB B HEA T BTG /K, A HAS Y
W 188 KA st 245 4 N B A FR TR B0 LR
I, R — B & TP SR R DA Rk
i} ARGs W H)& 3. HEr, T#HTHUER
R AT Az 1) S A AR RN VA I ARTE B, 6 T 3R EE 3
BE BT AR = S PN TSR T 5 G ) XU VAN 7
B, MR A= 25 XS ¢ (probabilistic ecological risk
assessment, PERS). ##hHUSANE 3T (species
sensitivity distribution, SSD) VR XK (B 12 (risk
quotient, RQ)P', Hivh | KU Rk th T2%500
AT B U0 R L T he A R R PP . BR
M2 A, Liang AUk & 7 4 PR 4 A =40 M 53
B, X887 (A B0 1 Pt A R 24 1§ (pathogenic
antibiotic resistant bacteria, PARB)ZEATiRGIHIE

LR T PARB =F B PEAR PRI 24 B XU Y
B

F 1 FNA T IR TR S H X SR A SIS R R
H g XUBSIR DL o 38 1 B HAAR G SCERER I, H TSR
FEEREE TR HTAE K B ARGs BV H 0 JE 1 PR 3 i
() XU SR 22 R P AR . BT AE ROk
PUERE | RIS | K IR PR DA S M i 215 R F g P
]z AEFRFE PR BT AR B P R U 25 5 TE A b
DU 5 LK SR TP AR RN I Y
5 HA PR A A AT, Fan 2558700 H
T FITE AT 7K v A 0 TR 2 T R B R B
3 Fhi5KI ARGs N FIAALL, Ul tetd . tetG .
tetH Fl tet] VU LY, T & & FRE T+
FIRZ AR 2R 2R Pi I SE K (tetM L tetQ . tetW
tetO) 1) 7= FE 278 T M HE AP0 PE i R il 2 1 18 1
Prbk SN ik, fEALBESRAE KR, A
B RBR N R AR AR AP BT R ] o AR
RSN O , KR B3 3l 2 fifi 1 AL
H R AR 28 RN S5 TR VA B ALK, ALK AR P ik P 1)
—, TR BT A R AU P R B e
VR BE AL s e B, R, B2 s IR A

F1 REID U XFRFEERINEE R P AR ARR

Table 1 Risk profile of culture-related environmental factors throughout the country

X FEA PR JRUBSE Al E =P U
Region Sample Type of antibiotics Risk assessment References
Beijing Pig excrement TCs Concentration range: 0.48—29.2 mg/kg, 27% above  [33]

Zhejiang  Organic fertilizer SAs, QNs, TCs

Jiangsu Water and sediment of Procambarus MCs, TCs, QNs,
clarkia aquaculture environments SAs

Chongqing Pig excrement TCs

Southern  Water QNs, SAs, TCs,

aquaculture MCs and others

the EU soil ecological safety line for antibiotics

Detection rate: TCs>QNs>SAs [34]
The detection rate of doxycycline was the highest

(52%), with a concentration of 0.2—71.0 mg/kg. The

risks are high

There is little risk to plankton growth, but a high [35]
ecological risk to algae

OTC, TC and CTC risk ratios: high: 0, 0, 7%, [36]
medium: 53%, 13%, 70%, low: 47%, 87%, 23%

RQ: CTC>OTC>TC

Most antibiotics do not have a single ecological risk, [37]
but the combined toxicity of antibiotics in aquaculture
areas presents a moderate risk

: TCs: VURREHIAEE; SAs: WECAHIAZZE; ONs: WEHEHIAZR; MCs: RIFNERRPIAER; RQ: XERH.
Note: TCs: Tetracyclic antibiotics; SAs: Sulfanilamide antibiotics; QNs: Quinolones; MCs: Macrolide antibiotics: RQ: Risk quotient value.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3474 (DGR ESTE(

Microbiol. China

AKHEF AR, F Ao FE e AR s 3 TR R,
(BB 23 Bt Az 38 AR AR Uk B2 I sz T A i /K A Al 4 2R
KU A A S R . ph T, FRAE PR B
PUAE R UMEE A e A K ARER S BA IR R
SFREAR, MHEA T HEFREEY, WHARIZ S W
o MHLPRA B K A ARBURT , T IRE 25 Ak
J K FRFERE R 28 57, FUAE R RE NS e S B
AR DX R TP L W VT X T Pl ) B
G0 Ak, HATRZ R M BRI ZFE R
(O RUSEAR DL , (L ZINIE 2 T LA R 22 6] | FEfie ™
Yy Z 18] ) BEMEAH AT, PR FR A PREE AR R
PPk FE DA 0 XU A7 AE AR A

3 FRFAPREE b HU AR 3R ik e PR A 3 o SR g
B BB AR
3.1 EHIRE

BEX G Jedrs il T Bl # o RSk T | ok R
Tl FA Sy B =y T T G e e L B s Dk
TR o A= R W FH AT LR SR8 Al ok — 2 3
FER, ABYIATT RS B HSTA R, A
TAFIREE V5 Y [m) 8, Xt 38 [ 6 Sl A2l s 2
J&j(Food and Drug Administration, FDA)WAEHT 4 24
Yy 0 B R G S A L O 2 B TR 25 4 1) B
WY, A EE 2016 4F | 2017 4F3ESLHIAE K Ai

x2 HARERERYREYR

Table 2 Existing antibiotic substitutes and their effects

CHUE R A B AL T AT a R
P IO G R A R S T R L ARGs A7t
VPR TS de 02 i, LAk S L /1 T 2 =it
BRI S 4% , L= K BT A = 4t
PESE R A BT BRI Z AL, SR X PR 2 A
PyRP R ARG T , R AR AN [R) 0 o ALAS [R) R85
FAF, AT UA R AL S A N I B TE S Y
], BEORIEEE Y | IR DT A, MSAEsh Y
THAER, S EIRDUE R, et
A RIRE 2 T SRS ME %A FEE A R i R85
P s LU, n] 2 IR A AT T R APUER
7, H A2 R R ) | eSS
w5 PURKSE, BULATJAILER 2.0 MYIER IR
Z BAT RO L R BERT, IS AER] L
P9y S GE S RE ), (2 6 1 PN IR P i
AR, IS RESRTI ST ALRE 1 S5 RE ) .
RO R IBC) R E 2SR e A
e PAEZE Y K Y D s RIS, i L2285 BB B
P, ARE) TR o A B AR Y 7 20k
Yo, HRAMREEE | IRIAETR RS, 1 HAE
TEIR L FE B AL P B A R SRR BT, R ENG
VIR 10DV CIE @ - G Sy bl JVARE I eI i
T ASIR T 2 A S il (o 50 o 45 A v
I8 4 A2 LR R VR T, sl Sr P A A A P T v

B EEE 91wy IheE iR 225 30k
Substitute Main ingredients Function of the attending References
Plant derived Genipin Within 24 hours, the replication of White spot syndrome virus in crayfish and [46]
extract shrimp was inhibited with only 50 mg/kg genipin at a 99% inhibition rate
Plant derived Ginger essential oil It can be used for the lipid peroxidation reaction of the reproductive cells of [47]
extract quail, promoting the improvement of the reproductive ability, and has no

adverse effect on the growth performance
Microecological ~ Fermented Chinese herb The weight and weight gain rate of broiler chickens were significantly [48]
preparation increased, the survival rate was increased to 99.89%=+5.67%, and the incidence

rate was reduced to 1.14%=+0.19%
Antimicrobial Recombinant plectasin ~ Recombinant plectasin stimulated up-regulation of CLDNI and ZO-1 genes, [49]
peptides improving intestinal function, epigenetic digestibility of nutrients, and

positively altered intestinal morphology and enzyme activity
Bacteriophage Bacteriophage It is suitable for intensive farming and can significantly reduce pathogens [50]
Engineered strain  Escherichia coli ereA The level of erythromycin in faecal seed of the experimental group was [51]

reduced by 83.13% compared with the control group

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RRBHIE S5 FRAR R Tt A RTPERE R O WS 0

3475

AL, LA R sh WA RE ) o I KT 375801
B, Ul T B i R SR BN Ak 2= 24 it sk ke 4t
FEAK T A [l R, 1) R R A 00 ) ek it 8 0 (7K B85
A WL s B W it w35 A WA | DK™ Bl 4 1k
HIIREE . TRl FESE AT Qnms (b 4l i ] A e
KA ST RS IR R, DA T D /D A 0 PR -2 e 1Y
HEMEP L B A TR B AR B e
ARB LS, SEA S YIIGIE G AT AR LA AU,
FEAR P A0 IR WAy R A (] Bk 1900 45 B a8 0 L R K
HERMER, PSR SRS M,
U PR YERE S
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AR IR A D IR s i A
TG g R ks T TS g = W AR S
AR B I AR R 22, s T — IR 2 Bk
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A 7 G TR AV IO AR s DA o) SR A IR 5 R R PR
K K& ARGs Fiis 3. TAEANGR . shiy™ it 24
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3.2 HEE#EA

BEXTA: R BT P A DS AR AT o RS
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W AR A e TS JOLE RS WCR 2 T
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B Qi 35 v BEE R DA R A WL KA
PIZKGEAE R FAb B, AT 3k 3 R A7 b A R U
TEPERBRECR, IR b R Mk, £
7 QRN S EE diD T A (W e~y T IS
DGR Wtite) I EE Y P ae s N e S 2
388 B KB A T DR A PR . et I
SR E ) B AR X R LA TE R T B R A R
BAR ORI, SEAR LA RERT + 55 R BRSO AR
PR, Dok, BRI KB B, B AR
BRI 3,

B 2, AT AR K 2 Hx R — 5
RPUERABAFMRCER, B, TR
T FR A PR EE RE S AL B T 25 B R 22 b Ak
PR R A RORAE HHPAl 72508 [F] 20 5 30R
1 [T B R R BT A RE . BT B AR AN i A 72510, AETE
FAHI T, 765 Jedetk . ROR & 5k
TS O

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3476

(DGR7/E Sk

®3 BWARAMK. BEFFEEKPHRE R E B HIBIEFIBER

Table 3 Reduction control of antibiotic and resistance genes in water and land aquaculture wastewater by prior art

HE] I D42 il A KSR R 225 30k
Type Reduction control Key parameter Effect References
technique
Aquaculture  Algal biofilm membrane Algal biomass During the 1-2 days of operation, the contents of [63]
wastewater photobioreactor productivity, total sulfadiazine (SDZ), sulfamethoxazine (SMZ) and
(BF-MPBR) microalgae, HRT sulfamethoxazole (SMX) were reduced by 61.0%—79.2%,
50.0%—76.7% and 60.8%—82.1%, respectively. The
removal efficiency of inorganic nitrogen and dissolved
inorganic phosphorus was 91.0%-99.6% and
92.1%—98.4%, respectively
Mariculture CuO/ZnO composite CuO/ZnO dosage, H,O, The maximum removal rate of tetracycline hydrochloride [64]
wastewater photocatalyst concentration, reaction can be reached at 4 h, and the average removal rate can
time reach 93.01%
Swine Pomelo peel derived Temperature, surface  Considering the low concentration of the TCs in the [65]
wastewater biochar area, pore volume wastewater, the removal rate of TCs will more than 80%.
The material is effective, cheap and environmentally
friendly
Swine Biological aerated filter HRT The removal rate of nine antibiotics such as [66]
wastewater system (combination of sulfamethoxazine, norfloxacin and lincomycin was good,
indoor aerobic and and the removal rate of pollutants in conventional
anaerobic culture) wastewater reached 82%
Swine Nanofiltration and Membrane aperture, Compared to raw sewage, the absolute gene copy number [67]
wastewater reverse osmosis osmotic pressure of ARGs efficiently decreased 4.98-9.52 logs, the

processes

UV/H,0, combined
oxidation process

Initial pH value, H,O,
dosage, reaction time

Livestock and
poultry waste
water

common nitrogen and phosphorus components in the

water were also reduced

After optimizing the parameters, the removal rate of five [68]
types sulfanilamide antibiotics can reach more than 95%

4 BHE5RY

b A 5 NI R ESE RS H TR AE
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