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Abstract

The overuse of antibiotics in food animals has led to the development of bacterial resistance and the widespread
of resistant bacteria in the world. Antibiotic-resistant bacteria (ARB) and antibiotic-resistant genes (ARGs)
in food animals are currently considered emerging contaminants, which are a serious threat to public health
globally. The current situation of ARB and ARGs from food animal farms, manure, and the wastewater was
firstly covered in this review. Potential risks to public health were also highlighted, as well as strategies (in-
cluding novel technologies, alternatives, and administration) to fight against bacterial resistance. This review
can provide an avenue for further research, development, and application of novel antibacterial agents to

reduce the adverse effects of antibiotic resistance in food animal farms.
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151E

T 70 3k, Bid BRI Z @, 2019 445 1.1 FMTERWA TR Y, RN, B3
FISEE, (5 50%-80% HIFIAERA T, RN TIEEEYA KPR Mg RS >3], Fits] 2030 4F,
BRI E NP AEREREI 11.5% 14, HETKZ) 75% B4 2RI, e8I 256 A PR HE R
Ah, BRESRAIfEEE B 7], R, RS il sod A F A RSB0 A 2 A A: EiitZ 40
(ARB) FIHiARM 25K (ARGs), BRI ATESHYIFI A iR, BORBZHIIEIERE, AEAHTA R
MR ESARAT A EEY R Z N AP,

Y)Y ARB Fl ARGs WE KBETFE, X2 2ERAEMEh Y R gl # iz — 811, JX4E ARB K&
HAHEH RS8N ARG HHX 9 R EEHAEFAEMAM:, F 3-NBHEE (bla). ZIHEFEH (aac). VPUIRZHER
(tet). WK (sul). KIAAEE B (MLSB;erm); FCA REIEFMETANE, BIERE, HAEE, KERLNR
BHRE;, THER (van), FEE (mer) 124 (mdr), Hu FEM, RGIVIFNEZ BIFUEZRM 2 HERE
BTN T3 ARGs W%, 1XEE ARGs 1ETEHI] (- ZALHEMN 2 o F (0 A R Sk R ER AR ) AR
1. HEREE TRERE T 2 12, [N, shfl AR Z AL ZEAIXLE ARGs KT T 41 bla, aac. tet. &
&R, MLSB Ml sul WiitzstE; S5REAAREREAMSNY) aniafnd) ik, AR5 HEZEZH ARG,

J5 B F=5E 7 ARB fl ARGs M AR S MR TEIRR, GG ERSEEEMsY. F#ES7 50, DRIRASH
XL R SIARE, PTRES SEURGUEM, WX LR AR AT ZRIAT 1315, —L ARB(IFEERE.
KIGFFEE. IITIRESE) fl ARGs Ali@E S5an B, fhsh 2@ sUR K A B 3215 B ah i & &
(BAE. . 91%F) Mifees AR U0V, WAk, fEF5E7h g AR EI 2 S 1) ARB M1 ARG, 254
SRR —E ARG( tet, sul, erm. bla, mec %) BITEE I 2.3 — 10.6log $5U15/m® 18191, Bai A5
FERM, EFREGD PR T HEIRE . N RIE; K&E ARG(HHE mec. tet. bla, aad. efr,
flor. sul 58) MaWIFRE 7 EE] 10 2B, it 225 (MDR) #ies (B4E# KR, HEKE. YITIKRE. K
FFESE) 1 ARGs JEI IR N 844 F B SR AR T MR, ke pogem g 20211,

AR ELGR T BHNYFREY. ZEEREKH ARB F1 ARGs FUBIR,  DARA e B it 2454 4 XUSS: F1 5K i
I B Y FR AP AE R 2 R ST, Al 17 BB B Z A N RERS SR IS 183 T i fiA: Rt 29 A R
Wi, ARG 7R aTE S S HEBERS , IX AT RES HE— P BB & KB A BT AE 2 .
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2 FHEhPIASHA B DR R 251

& R EhY 3T T ZR AR UE F AT HE ARB 1 ARGs A 251 AR ERIERE, X NS R iR
e Sy NEIN

FIENY R RN AME N EZ R, M 9 MREEREENEMAEshY (B4 JEAE) g T
1739 NN E H BRI A MEFEAR, FHARIBIMRFI LG AR E AR R, @8 RAHHIRE (MIC) Uit
K 7 e B E A RAOBURIE 22 gERRIER, SERIXS A IR R B E MM (27.1-78.3%) &
T4 (5.2-30.4%) ; HEEA 7 i B R ZAE AR TCM 25 BRI 251 ; HAERNIATEE R, RISz, Bk
KN BRI sURMmg, XUZREERRE, BRAERN, MEd NRELHEHEZEGAZNI
PRI 25 A EAE BRI 22, Nesporova A [P )\ 12 NEEFEGUE T 66 MEAR, FHoM 7R E EhE
MEVEHTAE RS 2 RINEER, S 2R, EiXefinh SE H 62 #ARFFE T 22 Bt
RyumAE, TEEREMEIZIREH 3 MG, WEEE] mer-5.1 f1 blaCTX-M—8 73 B HRHIFATZ & T HAth
XS Va7 IR OB A R 0 RS 5 R Wb Te %, SRR, PR RGeS SHRIES
X, FEIEBON =P R M 1 2R

HYIImER YIRS ARB F1 ARGs MIfET7E, DA ZMHAR ARG MITHEZRR 24, Zhu FAMAREL
IR T 30 MFEMEREAR, SRR T BRI T ARGs FIFATRI M., 45550, I24-FIN41EAN ARGs
IZ R FEEEM, BRESTES, XIS KMEHPIUERER, I, BRI THA. BEMELET,
B2 ARGs HFEFERRRE, SEBOE ZH, Fal2Bonm 2 BEKFER, Zhang A 7 A7 E A
2B S ARGs HEEIMRHRIIRR, REANE 1 7 3KEERREML 4 + 1.3 x 1017 /> ARGs H [R5
Do JEEEGE[ TAOUT B 180 e T LS ], (BRUTFE ], TR TREIE AR TTEE ARGs 7 s
FHVER, XRIEEPIMEYRREATRETEES 5 T ARGs IR [2], Zhou % AfE—MAK A T
50 FhHTAE RV AR, HEMAS RGN, ZFREFEE, YK PR BARPTAER 11 80, 17
R 15 R/ (RFEVIIAER, HTRR. EER. BAE%), FERETER, Mk, R (it
BRMENER). KIFANERRZY), HETENR 29 B SN 0E E2RIE T L ARFITE S, 1ok, LRt
AEHAMEN 1.47-483 mg/d, XS5ENERKEBTHX, MABRNITERZFZE0#E, A, FRlE
YA, WRETEMIF AR A RO ERRITAE R, FTEFTHICBER G SGH Y 77 2R IEBRsh ) K BT & EE i
AR 0], REAMEWAEYIBRSR NG L BRE R ZEE T ARGs WIEIFE, IXAIRES BERIE P IR G
PR 2], RN, EEEYSIBRHZHRIRIRAE R, WEEERE. RoFFE. R Ew,. SmeRES,
AR B RR I IR, W AR R E RN 0 T e I8 & A SO R A 4 B S 2k P A B (R
HIRHIE S H 55 K B AAESC M, Yan SFUER T 24 3k, RA N —IEBEENF L0 THEMEY
NPT FERIHRFAE, S5RBIAMATINZE], ARGs &EEMWERZIEEETERER; PRENEYRE
BRI ENEEME T, MLSB, #RER. ZHMPATRMARERFE, H5HMHMEBEAEMMELL, 285
R SIS R 2 AR AR B0, X RIS & AW S IA R A R WA R DI > R AR SR S 2R,
EHENZRIHPEEFEENNSBOREFTBERN ARG 16 E, AN, ARB fl ARGs /K= 217, Xt
NZERRAE AR R B R B 3152,

KR EEE R N (PCR) MR R S5 MR 7IE A ARGs [ £ 53], PCR RGN H ML AT HiR R
VURRER, WEVATR, RefevsnefILl & B2y 2L Al SR R 2= 2 R TEAE AT IR A E H 558 H 62 FUAE B ARGs,
43021 2K (NEREMEPIAER. AIRAEIE, EIERIZE, PIRRK, B-NEE. ZAPIAERE), XL ARGs
KEIME (5 2.8-51%) AR (16 - 55%) FURL; Ripl @i e ] GE 2 = EBUR

ERTERENE, TETEEEITIE (MGEs) (95N 225 KN4 n] fEE A £ 8 28R IR ARGs B KE T,
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[F, Oviedo-Bolafios M EFHTIAZZNIALAK S #IX Y & JE it A 2R B AR EE T 450 RPJEMA, @il PCR
Fiik% e ARGs(HLEE tetM, tetO, fexA fil ermB) 34, £5RE/R, REEHIEFEERE, 60% AIHEER 46% K
MEMTCABEEREAME, tetO(29.1%). tetM(12.7%) Fl ermB(1.8%) 7B NBHIE, XEHTIRERERD JEfa
AR BEBR B AR AIAIR, A R A FX SR R, Sharma 58 A 1351 T2 T EDEE DY ATBAT I X
INRE A= 4T AR A AN (S B i, RIS Pk S AT R 25 P SRR CERIE, 7]
RESIG NI 25 biAE B B R EAAA X ERINE, XE—DEENERAL DA E3FREs AR
ZERBAREYWIUER, FNERRFAIINTTER, ERBEHERIIEE WML B8], EXRE/N
RIRIAMVAE S, 57.1% B9 RIS A T4 ZATHR 50, —Lefk RYChPIAE R AR TI67 AT E sh s
W, REH 42.9-72% MRE T RSk iid: £2 S B Em 25145 ARB &G 14041,

3 RIS Zefdrh Az HiE R 21k

FER—MEZNIER, SHEEENTIAER. ARBHIZHN ARGs, HIELRIUSHIFH il A= Yt a5
FITHRE, SRS 24 20 B 24 55 (5 1 == FE R fim (42451,

ENYIERNGERZEHTAER (70%) FEETIRYL, MmN eiTrmmHEE e, Li S AEPEITIHERET 71
MNEFYYEFR, KDL 24 FTAER, RFEZNEETHERN S BEARM; HEPHERREEN 83.18
mg/kg, TN (52.93 mg/kg). 4W (37.12 mg/kg) MY (305 mg/kg), X FEHIIRIRAG ™ B g 140,
Patyra ¢ A\ FHRAE €i- B % (LC-MS) Al 1 i = PSSR A AORE S 20, RS MERTEMA Y h B4
AR, GREW, EHRY)GE, EHETERGEDIRSN, TEREERT, 90% HITHFER & AEHA > TRIE 71
THMEIET; 70 MERPH 18 MERRIUMR, 2R, LEBR. RiEDE. B8R NaIEs=0E
BB REBHME (7], IXRIAE & FR5E Y A e 2 K s A 1 TR RAERBEASE R EZS B4R, Zhou FiA#E
THERTTARFEFRIEY 11 #7050 Rl RAHE SRR LB L. FRL EYAREBOA R ARG T 28 R
AR (WRIANERZE, PHIRZE, RS, mMAEE, AFRIK. MATERE), BPUERFZRETR, 2
T 20 £, FESRATGIRE, €FR. FERE. MATEEAIIIRRRMEL A HEE R 55000 116, 3.81,
1.19 #1 1.04 Z 5/ K/ 30; FUIRE (3L 3.66 =5/ K) i RHM &R 86%, ttAb, HIK. Bl 1%
HE RN T RIRAERZE, POIREK, M. RIEHEIRSE, IXEIKE S IR0 AT e 2 S AT S HEOR
SRIEE IS YRS, BRI, s FEEFIIZH ARB f1 ARGs AIHZIYIA aac, AIRNERIE, FIEHEEAR
iy, DYIRERRLY). BERIRZY). EyR2YIRIRERR 2R 25 [404950) ) Fournier S AM—MEIREE T 81 1335
EREAR, FERIZIAT R AR 2R, p-PERREFN Z ERE H AU 25, A 38 ¥k B-PIBLRZI 25 KAt A1 1 #RFH
AR, B2l blaCTX-M-1. sul2 f tetA FEFEPIFRL, X B-NBERZ. sul MIPUIRE B ATHEME; 0%
SE AR TR RS B 22 48 52 25 1H B8 20 S MR — RR L 0T mgeB (IRATA AT 1 43 BIAE, dmbd xR =M ite, &5
SRERAA, B-PAE R 245 K B AT B 3R T RTHE INER SR R T2 3 A KUK (1], Wang S8 ASLIREEIEAS. IIARFIT4-
FE(E 40 13, RAZERALESAHE T ERM2MEDL2], SRE, 1688 MERER Y 734 I ARG AL
B-PMfES, PORRZRAS, RN H ML 5 A, SR, WAFIYIER) ARGs FE & T4, i
BAETKHRTHS, XAl s BRI ERFEIPTERERE AR, EIREERFE R
LERTREME B DB E B R, RO ZGMER L, W T AR R IR RIY4E, ARGs AlfE
SRS T MRS HKEAE R, Wang 55 193] R =B RAILIE IS S ARGs N2 HEME, 1F 76 MEARH,
61 NMEFEHA ARGs, HAETE 5 N B-NEilZ ARGs (4l blaDWA1 il blaDWB1) 1 2 /M8 Eifi 2455
(W1 fosA-likel 1 fosA-like2), XLEHTH) ARGs 5F H R ML E RAVKEE MGEs A%, HEFEENE,
HEM fos A FEELRIBRIGAT I MICs 3500 T 128 £, RIAMZ 2 — M RENPIHEAE, BEAREEEXR,
Ruuskanen FUREIFFEALRTE 8 T H, AJ5I1EIT PCR AIE & PCR (qPCR) AR 17 M 2Rk
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MR UL R E R B, 4553800, M ANUIES, 1389 AGRs FUMEXT=EEEREIN T 4 £; 4mAS blaOXA—58
FER RIS BIGETE 4 DRSO, RATERGINGE SR, A, EFEZEMEH ARGs KN FE
SBer LR LN T 5 £%, RHA ARGs fEAR AR 438 (54,

FEPHPIAE%E. ARB Fl ARGs #IANAT AZE, SRR fa A BBk A R Bl 9°), Ma S51E@1T 165
rDNA MR AT, W58 T R PUIRZE X IE R ARGs IiE e YRR, 45 R 3RAH: FE SR TAAR AR
I 75 mg/kg HIBVUIARSG, ZEMMZEHIHERAE 2T ERRR, HHmEE, WY RERREEE R =
RERTEIS, BUNBRECNERIRAS . T 30— 120 HIRAYSE, FEEF VYRR KR =RITYIREM 2R (L
1 tetC. tetG Fl tetW) HIFE RN, FiE LR EER, FEEMIEEHAEREE BN ARGs FERE
FEAK, HAF &MY ARGs FERIBHIKIEE (84.4%) KT IREHEI (79.4%), WiBHA AT AEBRAE 714
RRH, EREV, BARAFVUNRESFEERMEBINZ RN, MY ARGs FEE, HEBEREZ
—HiE WA RUE PRI T 14 50), BEARSEEIT qPCR #1165 rRNA A5 1 it F sl 2 8 T 58484
KA ARG FEMME MR, Z5RKH, FHASE., BEDZFRS T HE#EP ARG FEE, NTHEZE tetG
1 tetC; SNV RER @ TAKAE S ARG FE, NTHERESIEIETH tetG ALY tetX, i3
HZERNRE, EEEAMER, ETFER. ABREE. A2MEESE T 1% AXNENZ, i
MZhYEE SR AL RS ARG FETERMMN, RS EMHE I HEXD7], Wik, BOPiERNEE
FIER 2 N JB] BB AT 24 40 B / B R R A T i B R EE 22

4 Figeiaok i AlFEN HiE R 2Tk

TESNY)FRIE KPR I T A R 25 2 A1 rl = A JiAE R 21 ARGs, HRTX#BOA N E— N ER AL
TR 81, AR, AMTBCRBOSSESN Y KR B, RRlRELRHEZR 0001,

Brooks & A\ KM qPCR J5iE 20T 1 HEZe /K A Em R AR T LA ARGs (41 tet. erm, mec, int %) FYEIT, JL
FRETE AN ARGs EFEAETRHE. B A& AL, N PARNTRIAANESTH 2] tetA F1 ermF B A & =7k
IAIZI79 109 F1 6 x 108GU/100 mL, HAtll ARGs, 4 ermA. tetB #l intl, JEFEAE 10°-10"GU/100 mL Z[Hl,
R, BERIMAE ZREERIR, ARG 8/), XAlRe SRR HREERPTUERAG X, EHIFTEENZ, FEER
EW AU, RILE AT DA SR PEARAY mecA BRR, IX—E5IRRIH, FIEEOKFPRITAEYIREER ARGs
Al REZ BRI E A SN [02],

West 55 NTEE ANV R FRIRIE (CAFO) A7 B i i 7K Hhws 00 21 240 8 B AR 2= 24 MR RN BR R i 48, S5 SRR HA,
830 PREEHRH, & FIGME G 77.1%, HREERD AN -FIIER. 2 TR, BER. TEXZNeERESL
AR, ¥IR[3Z2 CAFO FRIEM, A, 83.3% IR 73 Btk A @ 45 & Relit 245 35 (A tetB H1 tetC ¥4 A5E
a5 B AAFRYDITIRE, IXRBHBYZAE IS Juii 22 2520 B R XU AR s 03],

Al Salah %R qPCR F7 &Rl 7 WIS B0 5= B2 U & HUE /K I H AR Rl HR A ZH R AT ARGs, S5 5RA
W, IXPRZETA RN 2G40 (AR, R ERER ) A1 R-NifE. A PYPR R M 29 5L A (2 Al s
blapxa_as blacrx_m~ sull, sul2, sul3 F tetB) BI1E F;5ull Fl sul2 B B R FEEMENERZ M ARGs, 15347
FESRBBMANES, WFREEAGTIEE—SEPTERMZAENR R, X2IEKEESRATIAERD
M5 R AR A P ER T AP,

Zhao 5 N\FI 72 5 R 2218 R E AR B IB LA i X A1 B AN 2 Y 0 BGaRT5 ZAKA BRIE i 2B T ARGs, 7E
AR K P S HY 825 FPAHERIAHC ARGs #1119 MR {AHHC ARGs; i ARGs MATEIKEAHIME, VALK
WEKGWITIEKFEZER, WA ARGs(fU4E gyrA. drf E. rpoB #l parC) EEMTARIEF. HEFIE,
REEWR. MRIK. FIETEEFLRR RN 25, BRIV BRI FAZR S 2 ARGs 25 1, HIFTFENE,
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WERAIEN ARGs HIfETEE, W25 T ARGs RIIEHEC4, TRk, 45 I 2 AT 7K b P it 2 PR s o2 e
ARGs &%, RABRKHHIGUERILEN ARGs RMCARMBIAMERS P, SIS 2 mrim T, X
T PR — LRI IR 05,

5 RV PUE R 2 PERTEHE XU

5.1 HEhPrE s

JLFZE R, K072 ARB(AIRIGATE. iR wdEbE. YOI TIRE, S afaREE) M ARGs HIfi#
TR, ATA] U@ 5 R 5P ARBL75),

Meijs % N7 T =R T AMEERL R4 1 p-NBthEES (ESBL) #1 AmpC B-BEHEE (AmpC) HY
KA AT B Rt 28 5 B (A B A AR ZE AT 1B e PCR AT 25 R ER, T H=42 ESBL (KB AT B8 F A 48
SRR AR G 9.8%, mTH=ARE (5%), AIRES BREEMSIYIE R, M25E A blaCTX-M—15(48.5-64.3%).
blaCTX-M—14(7.1-18.2%) 1 blaDHA—1(12.1%) & T AH & WA ESBL 2 [H, Ak, 17.4% BIZER T HE
i 742 ESBL WK BRI R e B A0, 13% HURIER 1 5 T AAHER) ESBL £ K, #dERH, 551
(B RE kRl RE filU2: ARB I ARGs PITETESRIR 73],

Huijbers 55 NJHE T it 25 KA E 26 Al ARG R FIR R & |, SRER, SERERNSEME, K9
NG HF4E ESBL fl AmpC KA I R R A 14.3 - 27.1%, &S TIEAH AN RRIHBRRER R (11.4
-15.7%)o X—45R G ZHIIFRGR—5, EIXEHRH, 50 BT RE S A &G ™4: ESBL
AmpC KB BE R XU AR 55 76771,

RS, Huijbers 5§ (2015) DAl T ANF A I RINGFD T At B S PSR B (0B A 3R (MRSA) #1742 AmpC
PR IAFFERTRY) B, 7R PRXG AN T A H R Z I MRSA 73 BSbk; 13777242 ESBL Ml AmpC HI AT B &SR 73
A4 87.5%(34 HEL) F1100%(68 HiR), mTIA (18.5%). RN, TERA T AHKMNZ] blaCTX—M—1 F
blaCMY -2 THZEH, XAJREGHEMTEARINTIE K, KRR, SNBSS ARB fl ARGs 1Y
mfan e,

Vines S ANIEE T 210 iz ahPiiif RIVZEMFEA, FF1EIL 2 E PCR 7047 75 BURAHRHT mer £ RMAT
FRE RIS Dl %7E Y 18 ARMPRG R 2R KA B 70 BRHE T mer-1 (P 13 MR BN, 4 BRORBTE, 1 HRRB R
R) 133 M 1K+, AP, mer-1 ERMWNMEEREIRRE b, XA TRV AA A& BB ARB
frEIE 7],

R TN T EREEMSIASY, B4 ARB fl ARG XS ATRESIE NS N Z BIRIIERE, bR T4 HH SRR
IR R Rz A R 73],

5.2 YR, HoKeRAEM SIS

SNYIFEEREKPIA T ARB FIl ARG MM A\ SAERERIAL 15, KREIFERMA, shE 872
ZHME BT, RIS TAAFAER XU (801,

Aworh % A% H Kirby-Bauer B HUE DT T B 118 8 T\ E AT 22 25 KA FF R i 715 .
BIRIR, T2 25 K IpAT (e B R IIRATREIA 50%, & T BETiEE LIRITR, X—8 Rk 5%
TFRAER AR B A s B 52 [80], X eefdmitt— D ERe 7 B 524 TR N RERL a3,

PNV AP FE P AR AR A A Y OB A AN ARB T ARGs MIBETEIE, F AT REXT P01 A\ S0 B i X
K 9448182] ) Bai SFVHE T s S RH ARB FIEHEIE I, RIVAEM BRI ARB fl ARGs RA % 1#
It H RSV FREIA R BR8], Song 0T T8 23S ARGs WIEEMIEREIRR 0], 4553
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KA, IR ERTEEKE I AT arb, XLV IR ARGs Hl MGEs IEE & THEZ, EVSIBK
L tetM IKEN 6.3 log #5UL%/m3, & T M 10.6 log #501y/m?, HA#E T 15613 FEHR&, N
4.9 log $ULE/m3, AN, NXUEMEIRSHI ARGs TRV SIBRF Y 8. XFEMENEYIBERH ARB
TR N 59.4%, =T HZE (19.9%). LB ARGs /KEEF B ATREMIEL S (77.8%) mTEZE
(12.0%) XEEAYIIEHH) ARB 1 ARGs AI#IR AZHYIFI A ERIREIRIE, J& RO BOatoms i <5 0 T R
My (831

Klit, A A RE ARB M ARGs RUhPEEE, [RYsAY TaIRBOA @5t NSRRI E R < —.

5.3 EHaYI™ I %

JUTHER, AMMTESINREIE A= 0id B F fiA: R0 B DA &+ BB 40 B R AR Fh A i 25 1R Y
B4, ELRRA, EEAIZRULTE N IS0 7= i A UE A2 B AN 22 2500 [R AR S BEa 12, RHBE A
FRAIYDITECH, T 28 M BB TE MO NS [35-87), AR 52 LB A T s AL 75 SR ARB A%
100% 74881, Overdevest % ANFIE 1 faf == 7T B RF ESBL E:RAIRA T1E I R HAE S A AR Z RN &R
XS, P, A PR A ESBL BRI G 737109 79.8, 9.1 4.7 Fl 1.8%, RAAXSA ESBL {5 A2 =,
AR, 6.7% M ERFE G T 7742 ESBL B RIATE, 4.9% MIREAHER ESBL £, 1 blaCTX-M-15. blaCTX-M-1
1 blaCTX-M-14[84],

Deng 25 il 258050 047 T 152 ¥R B B E /MNP IRE, &I 92.8% KU N —F DA FHid =R
M, SPSPEK, 2Rk, AREDE. MRV E, KRERFIAESR (289-105%) MLk, &R
B IE T 2528 (80.9 — 64.5%) #4315, 1 blaTEM £l tetA J: R 25 R 58 44.7%, AP, tet Al sul B[RS
HEHHESEHIMERR (W pcoC. pcoR 5 qac) BYIMEK, X—EEREH, FTERKATRERMPIAERIDITK
LR IIMETEIE, BT NS Aa ™ 2 i (0],

Zou &N TS NEURTE R (ExPEC) MU, 926 BRI HH, H 22 ¥ EXPEC Fitk
(5 2.4%), HAARHFIR#EH blaCTX—M Fl fosA3 MfZ5EER], 2505 B-NE RIS R 2y, LB KIAT
078 2 6 NMAEREH I EZ—Rp, JWHEZAETEARP, IXRIFIXLE EXPEC AIREEN BWEREA NK B,
Cornejo % AMBEFIFFE 83 NMEBERE ARG (BPS) HUEISE, FH 6 A POAR IR K0 575 1A MRS 2 1)
PrAERIRE, 4RER, KA 61, 53 11 H BPS APGENB/D—MfiA R, Alk—MHidRMrE ERsid:
R 2HMEBPS X bla, aac. tet HIRIANBERAIRHEZR 7354 59.6%. 56.6%. 20.5% F 13.3%, GEFHIHILE
ETRA N AR B R Z MG E R T B R, B TSRS 1T R XU 0],

Balemi 5 A MIIANFLAR 2GS0 BHIE R G4, S85FN LR R0 A il 2 564 PRANTE 7 YA R ZEMR EL IV 7

RN R B, SRER, BREREHEREERE (4 39.1%). SEOHEHEKE (5 17.2%). #EEK
(15 14.1%). FPRIFZEBRE (5 9.4%) MKIATE (& 9.4%) & F E9RIRE; BHFRLLE S BRI S
I ER. SkphiA, RUWERMEAERME, BENEFEZBAGNEMSY, MNTEYH o BEHNSE R
FEIKESINRE R, BB R G NMEZAAMEME, XRIAHTEE BN, 1RG22 2540 5# 1
N FETIAE XU (1],

XU IR, Y7 S BYEEE ARB fl ARGs TE8 5 AE 2 AERHBNEZORFE —, NRERALTIERY
BB M. MBI AN RERL R ARB il ARGs IR EAZTE AT RER ARG = AR I s, S8 1 St T
A AT ARG 3 X IV EE 2, (R, BUIFRERIE LA, 28T IR 8 Aah i iahid Emgiten 2
R g (84921
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6 /> YIS 2R 25 PR SR

KEFEZEWES NI, S5 ARB Ml ARGs HZ AT, X2 — N HISCE AT DA @S], W E 2 H
FKIEBHYIEEE R ERTRE, DAbT I B REINE T, FHEF A S0 SR R AR PR s D 3 A s I A B
M 2414

6.1 Btk

AR, BEFET —YSEARRMGE, WAPRER, REEN. EVREILS, DU KRR EE /> ARB fl
ARGs[0%4], yu % AW T/KEE (BLIRTRFE. GRS/, HAIH S A BIEYR A XK ARGs
BT T RIS, SRR, SaSEAK A AT LUEL p-stacking HHE/ERH S ARGs(U tetA, ermB, AmpC
M sul2) JERERMELE S, HHEMARIGE T LAEBRKHZ) 80% I ARGs, &t 5 IRFEAEIEING, |aBIHMm
KA X ARGs IIEBRE R T <40%, RIARMARGEIKT BE REFNREET S8, |ARE
Ak Al RE R A UGS E SN R KB MK ARGs FUERARMRIEAEL O, Visca S IRTEDI 74T T R AN
IRV, i A B TEYD B X H ARGs I EBRICRIFF, 455R7RH: B, SRy 2R
ERIREAEZR AN 100%. 92% F1 84%,; MR KRR35 78.3% ARTVE). 50.3% (BIETYE) 1 37% (i
e HOEMe , e, IREEMATRER — MR A RNRAMEE, 7T AR IR s D ah ) 25 i fiA: KRB
ARGs[®l, AN, FEAFERURINPOIR E L — AR mE0E, A8 44 K, Schueller 3 N & 5EMF T IREHMLRT
AR ARGs EBRHIFZNE, S5RFRA, PYPRSEM — H f B IE7EH A2 230> T 0 - 96% F1 >99%,
A tetM BREETIBR/D, 8T, R — S mIE IR/ 5 sull BRI TIER/D T, teabh, eI
PUERESIRER 10 mg/L B, SRR M AL, B~ & R T 7.8% (2, IXRIAKEHLATRE N AR
ARG — L HTE ZRER D P BT R L2,

Tao %R qPCR TIENE T 618 6 R ARBFRRE IG5 /KEH B ARGs. TE 6 M FRiEZ RS Fr A 25 5 A (B
15 tetW, tetA. sull, sulll f1 blaTEM), FBABEHONEIKAIRA IR ZENPUIRER, BRI B-BE RS T
M2, 5 ff ARGs WKETER A i S, TEEMESTREEM KPR, ERAFMEFESF, ARGs 1Y
EERFN 33.30% — 97.56%, IXFKMH, X EWIEKHITRENIHATRES IR ARB LK 0],

Liao SFHIFRERHYE, qPCR MEREFRFE L, W THAEMEE (4 F) N5R¥E ARGs fl MGEs FE 15
M, Z55RRAH, 43.8% Y ARGs 1 39.9% ) MEGs 7EHEAESS 1 JBINIE G, XFERHET 14 ARB WAL
I8 5k B H) ARGs fl MGEs TEfE A& RNt )3, X SN SUERBRME G <, o, HENEERE (5
IX 90°C) [HHBIREIAHERD L& St 5 45 /> ARGs. MGEs M HAHSCHNH [05)) IX AR R 3 A R HEAD
RSN ARGs F1 MGEs F I EE 2, SREERGIN 1 HE(EHEAEXS 41 M AT RN ERBER, KIE
171 RIVHERESS, 64.7% BIHTAERERR. PREMEIENZE (FATE) 4b, KIAABEEE. tet 25F0 sul BRI EFRE 71
9100, 73.4 F1 45.1%, RIAEMNINEREAR, XATRESHERNIASEE R, EE. ERNEA TR
ILERER MG, TEHEA AR, AR RN BRI 3E n] DU A A — 25 I E 7), X —5 R 5 e mifo i
F—8, BUEIEE A S r] A S BUR IR RR 8], [ SA hid: 2B YIRS s i s s, X
TSR GE P R A MEE X 7], Liu 5 A2 56 AR AR EREIMEYR, SRR
EFHEE (p). HRZFMFTE (b) HIRBHE (a), I TIHHEANELEHHTAE R ARGs BRI, 4 NHEAN
HESIAIN A (p:b: AD 1:0:0). b(XMH&), D (p:b: AD1:5:5) 1 G (p:b: AD 1:4:0), D HEXSPUMREF T FERNE
FREEE, 729100 93.7% 1 87.8%, BT B HE (435128 75.9 1 58.6%);A LHXT 58 1 B2 M EIETD B R
i, AN 98.6% F1 89%, =T B A (735100 64.2% F1 65.4%) 0 IX—EE RN T IERIAIER, ZHRPPTESRE
BRE N 28.8% & 77.8% [P1, AN, BRsul b, 5 bHHLL, #ED A ARGs /D T 1.059 x 1073 — 1072 NE[H
P5U1/16S IRNA #5015, 14 A Hh, BEAEEEEN-intT] A intl2 AN E A IR0, Zhang i@ I 72 5
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R AR 754380 ARG EYI R EHERUI AR R, F5RRY, FRFENEHHIRE ZAHER ARGs
FERERM, RN, FEEEADRERR, SEERARERRERER IR 0, FH, fEHEATHERIATR
Jit R SR B R BRI S O I, DA D PR SR R R 18

FEBHYE, Tian S AM 15 MIEBIFREZIE T 60 AR, THE 1 EAL TSI 30+ ARGs BRIz,
riSIHEAESS, &> ARGs FEERURINRE, MM ERE G H87> ARGs ERELRFHELI0 110245 D1/16S
PULZIH, 1215 NMEGH, RFEERIVUIREGUE tet LR EIX1076-107"/16S #5 I, HoAth B-PIBERZ I = XU
bla £ AW E k7 1E, K ARGs fEUCII AL FIEI P EFE B, 1EAh, HMRAER, MESENLSES
B, FIAESHLE ARGs BYFEEA K102,

Liu KA ARG, W5t 7 RKPREGIUER (NI E HCL, %R HC ML)
1 ARGs(fI45 tetO. tetM il tetW) FIEBRAES), qPCR 45RB/R, WIMEERA LIRHIHTAERIKE BERE
X, H+FE HCIWEFRRR G, TR E HCL M CIE, tetO. tetM Hl tetW RYZER FREETE KL
AR R T 50%, R —MER HBOMRERNEKPIAERNERES T KL RER, X
AIRES AT pH MR LRRIAR R K, T3 HTA RV & & TR iE g, RXEWE TR TR
HPKHHTAE R KRR, BT AN L ATE HIAER (>90%) (106,

BR_ERTTIESN, FEARIPMEAL SRR IR (AR, ZEPnHEIE, FOREOR, RV ERSF) BT BA
SRR EVERTAT I, ATVETEHDR I T3 R i M1 ARGs HYREfig [104-108]

6.2 HiEREIMIIR IR

— LG AR L BRI TR AT A C Hsh P FR5E P SRR & H; &R TAE SRS (ANF25 Y)Y
Vi, wmEEE. BE. B PIEK. WEERSE) sTHATRO R RSNG4 2R 1], K —EBAREY)
REY) (s, B, Bl MEAREEEEHE. i, ik, TS MIREmEaA N Zdid
R A KRS R, 100111

BT R —H5r T8N 0.5 - 30kDa ZERILEY), |20 THEYH, NABHE. MRSA, & KREHESFAE
BAEBIPIEEE Y, R, Y B HE (SRS MR (RSN 4K, W Ee, RSN
TRAAVDT TR, KT B A1 S B G BEER I BAA HEMTETE 2], KEIDOR, Kanili—E AN 26T 4R
LA BEYISR B, Magrys S5 T Kand@ BN 2Ei7ER S, BB CmiaEkm ., s A wf R igAT
RIS, RBRG IR 25 B A A BREE . KIAATEE . SRSk R A R E A i 28 7 T R B B A B M
RETEN; KRR AT S K KEZAIARID RZBCA A 3], X T2 D REME R AR Y mT Ak &3
VI R EERI A RE, RIA T2 SE SRR IG5 14,

A, —LeHTIHAENEAREER E 10 FH RN, FREXMAF A EMELRE (LAB) #0IAAZ
YEFFHRE R Z 2NTTERERE, FAENERNEERENREMEN], ZRrF &8 22 [,
REFE R T, BAITKHUIRTE, TR T DRSS K ERE. SR DR imiE @ 1118l LAB B2—2%
PAYNE RN, "TLARG LN =AM 250, Fitk LAB ZPiAEZENE ARG M0, Musliu 5058 7 2LIR
R BN _EIEION shYIFR a7 2 25 BUR R BRI J1. SRR, FLIREMEF (CCE) fcdif kg
W (CFS) X KMt H. e (o E B A JCFL A &R 72 5 B A 7 - 25 mm B EZFHIX, RN, LAB K CFS
b CCE AR, XA TRIKAK7 ARB &G 5H,
EAREY)REEY) 7 B A AR RS R R — MRS AR, AFREMAEMAE 2R EREOR, Fie 1]
REMHEE N A T 2P AE RS R —, HEYHAER A Fiay7 i 2 29% 5K, DU/ HiE £
{ﬁﬁﬁ [115,119]0
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6.3 LRI HE P

NT KRR D P4 B2, O SR S A E AR MR IR E R 120, e, i
ZHAERARAE A KA SRR R T B, BB, EE. PEMHEMER OSSR ESRGIEEH
A R e AR RV A KR HEFIRTBOR WG 7, SR, FEARSA e R & A A T aom iy 1211221, bt
AR T EHBhY, AR URRTEIT IR IR,

[F, BUNE RN IZFRHIEEE IR — BRI R, WRREN van, X2&EENEERENTFER. F1E 2012 4
12016 4, TEMMAFESAERY, . ERSSHNALRF LRI T BR S0 van- resistant AHBREE AT AL
W R KIAFFE 123124 KEBE R 2GR (mer) FAETRIT 11 I, HEARER 40 2PMER D], Bk
HH, BRHIEHAshHiEZEN TS ARB fl ARGs fEAERIB/D YIS 120] ) Hk, YRNARES
RahyHigEERHPIE RN ST, MAERHPTERNME, HHNEE, RarATETER, RO R
KRB EIKTE, FHRERDHEMZEN R R, ERFENR, REARSER 4~ FHN AR
A, XSHEORET A Z MR R T 26T, FRURERNSFRE 28], AN, fid: 27 aT &
SRR, Y RO RS AT A5 1200,

—fkRU, TENA—BRIE ), URERDSIIRGITTERM 2, Rl AR, B HE 4
RPTER,

7 &5

WE—MELLER, FUAERTESYIHIIEHARIEN, S8 ARB 1 ARG TESIIRI A Z B Z& 1, A XFE
LER T ENY)FRTES . s MERIE K ARB Al ARGs (UEIAR, AN SYIFRIAA AR 251 T E RS, T4
HBOT AR (AREOR, IREEMAAEY RMEL) . PiAFRE AN (EEEZAEYRBY). AR, &
W) MptAEEEH, DR siRzr ARB 1 ARGs, XAIRER B FEAIFRRGTA EMf 251 A El,

e EER Ll

B AhY R A SRR TR R B RSO ZH4TIT R, N 2R AL TR ™ E R, A CE
REFR T BRZIYIFRIEY) . FEEMEIKH ARB Il ARGs RUEUIR, RIS IESRVE T A 3L TAERTBTE X, DA
P 25 MR g (EFREFEoR, 2R FIEED),

2% 3k
[1] Council RN ,Studies L A,Sciences M O, et al.The Effects on Human Health of Subtherapeutic Use of Antimicrobials
in Animal Feeds[M].National Academies Press:1980-02-01.

[2] Martin M ], Thottathil S E, Newman T B. Antibiotics Overuse in Animal Agriculture: A Call to Action for Health
Care Providers [J]. American Journal of Public Health, 2015, 105(12): 2409-2410.

[3] Van T T, Yidana Z, Smooker P M, et al. Antibiotic use in food animals worldwide, with a focus on Africa: Pluses
and minuses [J]. Journal of Global Antimicrobial Resistance, 2020, 20: 170-177.

[4] Tiseo K, Huber L, Gilbert M, et al. Global Trends in Antimicrobial Use in Food Animals from 2017 to 2030 [J].
Antibiotics, 2020, 9(12): 918.

[5] Liu Z, Wang K, Zhang Y, et al. High prevalence and diversity characteristics of bla NDM, mcr, and bla ESBLs

harboring multidrug-resistant Escherichia coli from chicken, pig, and cattle in China[J]. Frontiers in cellular and
infection microbiology, 2022, 11: 755545.

35



BRI FIR Adl

(6]

[7]

[17]

[23]

[24]

36

Mackie R I, Koike S, Krapac I, et al. Tetracycline Residues and Tetracycline Resistance Genes in Groundwater Im-
pacted by Swine Production Facilities [J]. Animal Biotechnology, 2006, 17(2): 157-176.

Zhang Q Q, Ying G G, Pan C G, et al. Comprehensive Evaluation of Antibiotics Emission and Fate in the River
Basins of China: Source Analysis, Multimedia Modeling, and Linkage to Bacterial Resistance [J]. Environmental
Science & Technology, 2015, 49(11): 6772-6782.

Bai H, He LY, Wu D L, et al. Spread of airborne antibiotic resistance from animal farms to the environment: dis-

persal pattern and exposure risk[J]. Environment international, 2022, 158: 106927.

Gwenzi W, Shamsizadeh Z, Gholipour S, et al. The air-borne antibiotic resistome: Occurrence, health risks, and
future directions[J]. Science of The Total Environment, 2022, 804: 150154.

Larsson D G, Flach C F. Antibiotic resistance in the environment [J]. Nature Reviews Microbiology, 2022, 20(5):
257-2569.

Wang Y, Lyu N, Liu F, et al. More diversified antibiotic resistance genes in chickens and workers of the live poultry
markets[J]. Environment International, 2021, 153: 106534.

Hu Y F, Yang X, Li]J, et al. The Bacterial Mobile Resistome Transfer Network Connecting the Animal and Human
Microbiomes [J]. Applied and Environmental Microbiology, 2016, 82(22): 6672-6681.

Founou L L, Founou R C, Essack S Y. Antibiotic resistance in the food chain: a developing country-perspective[]].
Frontiers in microbiology, 2016, 7: 232834.

He Y, Yuan Q, Mathieu J, et al. Antibiotic resistance genes from livestock waste: occurrence, dissemination, and
treatment[J]. NPJ Clean Water, 2020, 3(1): 4.

Sirichokchatchawan W, Apiwatsiri P, Pupa P, et al. Reducing the risk of transmission of critical antimicrobial resis-
tance determinants from contaminated pork products to humans in south-east Asia[J]. Frontiers in Microbiology,
2021, 12: 689015.

Khan S A, Imtiaz M A, Sayeed M A, et al. Antimicrobial resistance pattern in domestic animal-wildlife-
environmental niche via the food chain to humans with a Bangladesh perspective; a systematic review[]]. BMC
Veterinary Research, 2020, 16: 1-13.

Sazykin I S, Khmelevtsova L E, Seliverstova E Y, et al. Effect of Antibiotics Used in Animal Husbandry on the
Distribution of Bacterial Drug Resistance (Review) [J]. Applied Biochemistry and Microbiology, 2021, 57(1): 20-
30.

Sancheza H M, Echeverria C, Thulsiraj V, et al. Antibiotic resistance in airborne bacteria near conventional and
organic beef cattle farms in California, USA[J]. Water, Air, & Soil Pollution, 2016, 227: 1-12.

Song L, Wang C, Jiang G, et al. Bioaerosol is an important transmission route of antibiotic resistance genes in pig
farms[J]. Environment International, 2021, 154: 106559.

Jezak K, Kozajda A. Occurrence and spread of antibiotic-resistant bacteria on animal farms and in their vicinity in
Poland and Ukraine-review [J]. Environmental Science and Pollution Research, 2022, 29(7): 9533-9559.

Yang L, Shen Y, Jiang ], et al. Distinct increase in antimicrobial resistance genes among Escherichia coli during 50
years of antimicrobial use in livestock production in China[J]. Nature Food, 2022, 3(3): 197-205.

DeJong A, Simjee S, EL Garch F, et al. Antimicrobial susceptibility of enterococci recovered from healthy cattle, pigs
and chickens in nine EU countries (EASSA Study) to critically important antibiotics [J]. Veterinary Microbiology,
2018, 216: 168-175.

Nesporova K, Valcek A, Papagiannitsis C, et al. Multi-drug resistant plasmids with ESBL/Ampc and mcr-5.1 in
paraguayan poultry farms: the linkage of antibiotic resistance and hatcheries[]J]. Microorganisms, 2021, 9(4): 866.

Zhu Z, Cao M Z, Wang W W, et al. Exploring the Prevalence and Distribution Patterns of Antibiotic Resistance



AdI BRI R

[41]

[42]

[43]

Genes in Bovine Gut Microbiota Using a Metagenomic Approach [J]. Microbial Drug Resistance, 2021, 27(7): 980-
990.

Zhang J Y, Lu T D, Chai Y F, et al. Which animal type contributes the most to the emission of antibiotic resistance
genes in large-scale swine farms in China? [J]. Science of the Total Environment, 2019, 658: 152-159.

Zhou L], Ying G G, Zhang R Q, et al. Use patterns, excretion masses and contamination profiles of antibiotics in a
typical swine farm, south China [J]. Environmental Science-Processes & Impacts, 2013, 15(4): 802-813.

Hoppin ] A, Umbach D M, Long S, et al. Respiratory disease in United States farmers [J]. Occupational and Envi-
ronmental Medicine, 2014, 71(7): 484-491.

Radon K, Danuser B, Iversen M, et al. Respiratory symptoms in European animal farmers [J]. European Respiratory
Journal, 2001, 17(4): 747-754.

Sigsgaard T, Basinas I, Doekes G, et al. Respiratory diseases and allergy in farmers working with livestock: a EAACI
position paper[J]. Clinical and Translational Allergy, 2020, 10: 1-30.

Yan H, Li Y, Zhang Y, et al. Deciphering of microbial diversity and antibiotic resistome of bioaerosols in swine
confinement buildings[J]. Science of the Total Environment, 2021, 781: 147056.

Harnisz M, Korzeniewska E, Golas I. The impact of a freshwater fish farm on the community of tetracycline-resistant
bacteria and the structure of tetracycline resistance genes in river water [J]. Chemosphere, 2015, 128: 134-141.
Ranjan R, Thatikonda S. p-Lactam Resistance Gene NDM-1 in the Aquatic Environment: A Review [J]. Current
Microbiology, 2021, 78(10): 3634-3643.

LiuK X, Han J M, Li SR, et al. Insight into the diversity of antibiotic resistance genes in the intestinal bacteria of
shrimp Penaeus vannamei by culture-dependent and independent approaches [J]. Ecotoxicology and Environmen-

tal Safety, 2019, 172: 451-459.
OVIEDO-BOLAROS K, RODRIGUEZ-RODRIGUEZ J A, SANCHO-BLANCO C, et al. Molecular identification of

Streptococcus sp. and antibiotic resistance genes present in Tilapia farms (Oreochromis niloticus) from the North-
ern Pacific region, Costa Rica [J]. Aquaculture International, 2021, 29(5): 2337-2355.

Sharma G, Mutua F, Deka R P, et al. A qualitative study on antibiotic use and animal health management in small-

holder dairy farms of four regions of India [J]. Infection ecology & epidemiology, 2020, 10(1): 1792033.

Chowdhury S, Ghosh S, Aleem M A, et al. Antibiotic usage and resistance in food animal production: what have
we learned from Bangladesh?[]]. Antibiotics, 2021, 10(9): 1032.

Gebeyehu E, Bantie L, Azage M. Inappropriate use of antibiotics and its associated factors among urban and rural
communities of Bahir Dar City Administration, Northwest Ethiopia[]]. PloS one, 2015, 10(9): e0138179.

Geta K, Kibret M. Knowledge, attitudes and practices of animal farm owners/workers on antibiotic use and resis-

tance in Amhara region, north western Ethiopia[]]. Scientific Reports, 2021, 11(1): 21211.

Lekagul A, Tangcharoensathien V, Mills A, et al. How antibiotics are used in pig farming: a mixed-methods study
of pig farmers, feed mills and veterinarians in Thailand[]]. BM]J global health, 2020, 5(2): e001918.

Nuangmek A, Rojanasthien S, Patchanee P, et al. Knowledge, attitudes and practices toward antimicrobial usage: a
cross-sectional study of layer and pig farm owners/managers in Chiang Mai, Lamphun, and Chonburi provinces,
Thailand, May 2014 to February 2016 [J]. Korean J of Veterinary Research, 2018, 58(1): 17-25.

Ozturk Y, Celik S, Sahin E, et al. Assessment of farmers’ knowledge, attitudes and practices on antibiotics and
antimicrobial resistance[]]. Animals, 2019, 9(9): 653.

Kim KR, Owens G, Kwon S, et al. Occurrence and Environmental Fate of Veterinary Antibiotics in the Terrestrial
Environment [J]. Water Air and Soil Pollution, 2011, 214(1-4): 163-174.

Menz J, Olsson O, Kiimmerer K. Antibiotic residues in livestock manure: Does the EU risk assessment sufficiently

37



BRI FIR Adl

[44]

[45]

[46]

[47]

[55]

[56]

[57]

38

protect against microbial toxicity and selection of resistant bacteria in the environment?[J]. Journal of hazardous
materials, 2019, 379: 120807.

Van L ], Swart A N, Havelaar A H, et al. Atmospheric dispersion modelling of bioaerosols that are pathogenic to
humans and livestock - A review to inform risk assessment studies [J]. Microbial Risk Analysis, 2016, 1: 19-39.

Wichmann F, Udikovic-Kolic N, Andrew S, et al. Diverse antibiotic resistance genes in dairy cow manure[]]. MBio,
2014, 5(2): 10.1128/mbio. 01017-01013.

LiC,LiY, Li X, et al. Veterinary antibiotics and estrogen hormones in manures from concentrated animal feedlots

and their potential ecological risks[J]. Environmental Research, 2021, 198: 110463.
Patyra E, Kwiatek K, Nebot C, et al. Quantification of veterinary antibiotics in pig and poultry feces and lig-

uid manure as a non-invasive method to monitor antibiotic usage in livestock by liquid chromatography mass-
spectrometry[]]. Molecules, 2020, 25(14): 3265.

Zhou L], Ying G G, Liu S, et al. Excretion masses and environmental occurrence of antibiotics in typical swine and
dairy cattle farms in China [J]. Science of the Total Environment, 2013, 444: 183-195.

Furlan] P, Dos SL, Ramos M S, et al. Fecal cultivable aerobic microbiota of dairy cows and calves acting as reservoir

of clinically relevant antimicrobial resistance genes [J]. Brazilian Journal of Microbiology, 2020, 51(3): 1377-1382.

Huang J L, Mi ] D, Yan Q F, et al. Animal manures application increases the abundances of antibiotic resistance
genes in soil-lettuce system associated with shared bacterial distributions [J]. Science of the Total Environment,
2021, 787: 147667.

Fournier C, Nordmann P, Pittet O, et al. Does an antibiotic stewardship applied in a pig farm lead to low ESBL
prevalence?|]J]. Antibiotics, 2021, 10(5): 574.

Wang W W, Wei X J, Wu LY, et al. The occurrence of antibiotic resistance genes in the microbiota of yak, beef and

dairy cattle characterized by a metagenomic approach [J]. Journal of Antibiotics, 2021, 74(8): 508-518.

Wang X R, Lian X L, Su T T, et al. Duck wastes as a potential reservoir of novel antibiotic resistance genes[J]. Science
of The Total Environment, 2021, 771: 144828.

Ruuskanen M, Muurinen J, Meierjohan A, et al. Fertilizing with Animal Manure Disseminates Antibiotic Resistance
Genes to the Farm Environment [J]. Journal of Environmental Quality, 2016, 45(2): 488-493.

Lima T, Domingues S, Da Silva G J. Manure as a potential hotspot for antibiotic resistance dissemination by hori-

zontal gene transfer events|]]. Veterinary sciences, 2020, 7(3): 110.

Ma X, Yang Z, Xu T, et al. Chlortetracycline alters microbiota of gut or faeces in pigs and leads to accumulation and

migration of antibiotic resistance genes|]]. Science of the Total Environment, 2021, 796: 148976.

Huang B, Jia H, Han X, et al. Effects of biocontrol Bacillus and fermentation bacteria additions on the microbial
community, functions and antibiotic resistance genes of prickly ash seed oil meal-biochar compost[]J]. Bioresource
Technology, 2021, 340: 125668.

Al Salah D M M, Laffite A, Poté J. Occurrence of bacterial markers and antibiotic resistance genes in sub-Saharan

rivers receiving animal farm wastewaters[J]. Scientific reports, 2019, 9(1): 14847.

Yang Y, Liu Z, Xing S, et al. The correlation between antibiotic resistance gene abundance and microbial community
resistance in pig farm wastewater and surrounding rivers[J]. Ecotoxicology and Environmental Safety, 2019, 182:
109452.

Raghavan D S S, Qiu G, Ting Y P. Fate and removal of selected antibiotics in an osmotic membrane bioreactor[J].
Chemical Engineering Journal, 2018, 334: 198-205.

Van E A, Blaney L. Antibiotic Residues in Animal Waste: Occurrence and Degradation in Conventional Agricultural
Waste Management Practices [J]. Current Pollution Reports, 2016, 2(3): 135-155.



AdI BRI R

[62]

[63]

[77]

(78]

[79]

Brooks ] P, Adeli A, Mclaughlin M R. Microbial ecology, bacterial pathogens, and antibiotic resistant genes in swine
manure wastewater as influenced by three swine management systems [J]. Water Research, 2014, 57: 96-103.

West BM, Liggit P, Clemans D L, et al. Antibiotic Resistance, Gene Transfer, and Water Quality Patterns Observed in
Waterways near CAFO Farms and Wastewater Treatment Facilities [J]. Water Air and Soil Pollution, 2011, 217(1-4):
473-489.

Zhao ], Li B, Lv P, et al. Distribution of antibiotic resistance genes and their association with bacteria and viruses

in decentralized sewage treatment facilities[J]. Frontiers of Environmental Science & Engineering, 2022, 16: 1-14.

Goulas A, Livoreil B, Grall N, et al. What are the effective solutions to control the dissemination of antibiotic resis-

tance in the environment? A systematic review protocol[J]. Environmental Evidence, 2018, 7: 1-9.

Deng W, Quan Y, Yang S, et al. Antibiotic resistance in Salmonella from retail foods of animal origin and its asso-

ciation with disinfectant and heavy metal resistance[]J]. Microbial Drug Resistance, 2018, 24(6): 782-791.

Koch BJ, Hungate B A, Price L B. Food-animal production and the spread of antibiotic resistance: the role of ecology
[J]. Frontiers in Ecology and the Environment, 2017, 15(6): 309-318.

LiJ, Zhou L T, Zhang X Y, et al. Bioaerosol emissions and detection of airborne antibiotic resistance genes from a

wastewater treatment plant [J]. Atmospheric Environment, 2016, 124: 404-412.
Li S, Jiang J, Ho S H, et al. Bimetallic nitrogen-doped porous carbon derived from ZIF-L&FeTPP@ ZIF-8 as elec-

trocatalysis and application for antibiotic wastewater treatment[J]. Separation and Purification Technology, 2021,
276: 119259.

Liao H, Bai Y, Liu C, et al. Airborne and indigenous microbiomes co-drive the rebound of antibiotic resistome

during compost storage[J]. Environmental Microbiology, 2021, 23(12): 7483-7496.

Dierikx C, Van D G, Fabri T, et al. Extended-spectrum-p-lactamase- and AmpC-p-lactamase-producing Escherichia
coli in Dutch broilers and broiler farmers [J]. Journal of Antimicrobial Chemotherapy, 2013, 68(1): 60-67.

Mcdaniel CJ, Cardwell DM, Moeller R B, et al. Humans and Cattle: A Review of Bovine Zoonoses [J]. Vector-Borne
and Zoonotic Diseases, 2014, 14(1): 1-19.

Meijs A P, Gijsbers E F, Hengeveld P D, et al. ESBL/pAmpC-producing Escherichia coli and Klebsiella pneumoniae
carriage among veterinary healthcare workers in the Netherlands[]]. Antimicrobial Resistance & Infection Control,
2021, 10: 1-12.

Saliu E M, Vahjen W, Zentek J. Types and prevalence of extended-spectrum beta-lactamase producing Enterobac-
teriaceae in poultry [J]. Animal Health Research Reviews, 2017, 18(1): 46-57.

Tomley F M, Shirley M W. Livestock infectious diseases and zoonoses [J]. Philosophical Transactions of the Royal
Society B-Biological Sciences, 2009, 364(1530): 2637-2642.

Huijbers P M, De KM, Graat E A, et al. Prevalence of extended-spectrum-lactamase-producing Enterobacteriaceae
in humans living in municipalities with high and low broiler density [J]. Clinical Microbiology and Infection, 2013,
19(6): E256-E259.

Huijbers P M, GraatE A, Haenen A P, et al. Extended-spectrum and AmpC p-lactamase-producing Escherichia coli in
broilers and people living and/or working on broiler farms: prevalence, risk factors and molecular characteristics
[J]. Journal of Antimicrobial Chemotherapy, 2014, 69(10): 2669-2675.

Huijbers P M, Van H A, Graat E A, et al. Methicillin-resistant Staphylococcus aureus and extended-spectrum and
AmpC B-lactamase-producing Escherichia coli in broilers and in people living and/or working on organic broiler
farms [J]. Veterinary Microbiology, 2015, 176(1-2): 120-125.

Vifies J, Cuscé A, Napp S, et al. Transmission of similar mcr-1 carrying plasmids among different Escherichia coli
lineages isolated from livestock and the farmer[J]. Antibiotics, 2021, 10(3): 313.

39



BRI FIR Adl

[80]

[81]

[82]

[92]

[93]

[94]

[95]

[96]

[97]

40

Aworh M K, Abiodun-Adewusi O, Mba N, et al. Prevalence and risk factors for faecal carriage of multidrug resistant
Escherichia coli among slaughterhouse workers[]J]. Scientific Reports, 2021, 11(1): 13362.

Anand U, Reddy B, Singh V K, et al. Potential environmental and human health risks caused by antibiotic-resistant
bacteria (ARB), antibiotic resistance genes (ARGs) and emerging contaminants (ECs) from municipal solid waste
(MSW) landfill[J]. Antibiotics, 2021, 10(4): 374.

Mceachran A D, Blackwell B R, Hanson | D, et al. Antibiotics, Bacteria, and Antibiotic Resistance Genes: Aerial
Transport from Cattle Feed Yards via Particulate Matter [J]. Environmental Health Perspectives, 2015, 123(4): 337-
43.

Gao X L, Shao M F, Wang Q, et al. Airborne microbial communities in the atmospheric environment of urban
hospitals in China[J]. Journal of hazardous materials, 2018, 349: 10-17.

Overdevest I, Willemsen I, Rijnsburger M, et al. Extended-Spectrum P-Lactamase Genes of Escherichia coli in
Chicken Meat and Humans, the Netherlands [J]. Emerging Infectious Diseases, 2011, 17(7): 1216-1222.

Borzi M M, Cardozo M V, De O E, et al. Characterization of avian pathogenic Escherichia coli isolated from free-range
helmeted guineafowl [J]. Brazilian Journal of Microbiology, 2018, 49: 107-112.

Diaz-Jiménez D, Garcifa-Menifio I, Ferndndez ], et al. Chicken and turkey meat: Consumer exposure to multidrug-
resistant Enterobacteriaceae including mcr-carriers, uropathogenic E. coli and high-risk lineages such as ST131[]].

International journal of food microbiology, 2020, 331: 108750.

Yamaji R, Friedman C R, Rubin J, et al. A population-based surveillance study of shared genotypes of Escherichia
coli isolates from retail meat and suspected cases of urinary tract infections[J]. Msphere, 2018, 3(4): 00179-18.

Geser N, Stephan R, Hichler H. Occurrence and characteristics of extended-spectrum p-lactamase (ESBL) produc-
ing Enterobacteriaceae in food producing animals, minced meat and raw milk[]J]. BMC veterinary research, 2012,
8: 1-9.

Zou M, Ma P P, Liu W S, et al. Prevalence and antibiotic resistance characteristics of extraintestinal pathogenic

Escherichia coli among healthy chickens from farms and live poultry markets in China[J]. Animals, 2021, 11(4):
1112.

Cornejo J, Pokrant E, Figueroa F, et al. Assessing antibiotic residues in poultry eggs from backyard production

systems in Chile, first approach to a non-addressed issue in farm animals[J]. Animals, 2020, 10(6): 1056.

Balemi A, Gumi B, Amenu K, et al. Prevalence of mastitis and antibiotic resistance of bacterial isolates from CMT
positive milk samples obtained from dairy cows, camels, and goats in two pastoral districts in Southern Ethiopia[]].
Animals, 2021, 11(6): 1530.

Stefariska I, Kwiecien E, J6zwiak-Piasecka K, et al. Antimicrobial susceptibility of lactic acid bacteria strains of
potential use as feed additives-the basic safety and usefulness criterion[]]. Frontiers in Veterinary Science, 2021, 8:
687071.

Zalewska M, Blazejewska A, Czapko A, et al. Antibiotics and antibiotic resistance genes in animal manure-conse-

quences of its application in agriculture[J]. Frontiers in Microbiology, 2021, 12: 610656.

Yu W, Zhan S, Shen Z, et al. Efficient removal mechanism for antibiotic resistance genes from aquatic environments

by graphene oxide nanosheet[J]. Chemical Engineering Journal, 2017, 313: 836-846.

Visca A, Barra Caracciolo A, Grenni D, et al. Anaerobic digestion and removal of sulfamethoxazole, enrofloxacin,

ciprofloxacin and their antibiotic resistance genes in a full-scale biogas plant[J]. Antibiotics, 2021, 10(5): 502.

Tao C W, Hsu B M, Ji W T, et al. Evaluation of five antibiotic resistance genes in wastewater treatment systems of
swine farms by real-time PCR [J]. Science of the Total Environment, 2014, 496: 116-121.

Zhang M, He LY, Liu Y S, et al. Fate of veterinary antibiotics during animal manure composting [J]. Science of the



AdI BRI R

Total Environment, 2019, 650: 1363-1370.

[98] Ho Y B, Zakaria M P, Latif P A, et al. Degradation of veterinary antibiotics and hormone during broiler manure

composting [J]. Bioresource Technology, 2013, 131: 476-484.

[99] LuXM, LuP Z. Synergistic effects of key parameters on the fate of antibiotic resistance genes during swine manure
composting [J]. Environmental Pollution, 2019, 252: 1277-1287.

[100] LiuY, Zheng L, Cai Q, et al. Simultaneous reduction of antibiotics and antibiotic resistance genes in pig manure
using a composting process with a novel microbial agent|[]]. Ecotoxicology and Environmental Safety, 2021, 208:
111724.

[101] Zhang X, Ma CJ, Zhang W, et al. Shifts in microbial community, pathogenicity-related genes and antibiotic resis-
tance genes during dairy manure piled up [J]. Microbial Biotechnology, 2020, 13(4): 1039-1053.

[102] Tian X, Han B, Liang J, et al. Tracking antibiotic resistance genes (ARGs) during earthworm conversion of cow
dung in northern China[J]. Ecotoxicology and Environmental Safety, 2021, 222: 112538.

[103] Liu L, Liu C X, Zheng ] Y, et al. Elimination of veterinary antibiotics and antibiotic resistance genes from swine
wastewater in the vertical flow constructed wetlands [J]. Chemosphere, 2013, 91(8): 1088-1093.

[104] ChenZB, Xiao T T, HuDX, et al. The performance and membrane fouling rate of a pilot-scale anaerobic membrane
bioreactor for treating antibiotic solvent wastewater under different cross flow velocity [J]. Water Research, 2018,
135: 288-301.

[105] Meng L, Wang J, Li X. Insight into effect of high-level cephalexin on fate and driver mechanism of antibiotics

resistance genes in antibiotic wastewater treatment system[J]. Ecotoxicology and Environmental Safety, 2020, 201:
110739.

[106] Meng L, Wang J, Li X, et al. Microbial community and molecular ecological network in the EGSB reactor treating
antibiotic wastewater: Response to environmental factors[]J]. Ecotoxicology and Environmental Safety, 2021, 208:
111669.

[107] Peng P C, Huang H, Ren H Q. Effect of adding low-concentration of rhamnolipid on reactor performances and
microbial community evolution in MBBRs for low C/N ratio and antibiotic wastewater treatment [J]. Bioresource
Technology, 2018, 256: 557-61.

[108] Shi X Q, Yeap T S, Huang S ], et al. Pretreatment of saline antibiotic wastewater using marine microalga [J].
Bioresource Technology, 2018, 258: 240-246.

[109] Farha AK, Yang Q Q, Kim G, et al. Tannins as an alternative to antibiotics [J]. Food Bioscience, 2020, 38.

[110] Hernandez-Gonzélez ] C, Martinez-Tapia A, Lazcano-Herndndez G, et al. Bacteriocins from lactic acid bacteria.
A powerful alternative as antimicrobials, probiotics, and immunomodulators in veterinary medicine[J]. Animals,
2021, 11(4): 979.

[111] Huang Q, Liu X, Zhao G, et al. Potential and challenges of tannins as an alternative to in-feed antibiotics for farm
animal production[J]. Animal Nutrition, 2018, 4(2): 137-150.

[112] Khan MI, Ahhmed A, ShinJ H, et al. Green Tea Seed Isolated Saponins Exerts Antibacterial Effects against Various
Strains of Gram Positive and Gram Negative Bacteria, a Comprehensive Study In Vitro and In Vivo [J]. Evidence-

Based Complementary and Alternative Medicine, 2018, 2018.

[113] Magrys A, Olender A, Tchérzewska D. Antibacterial properties of Allium sativum L. against the most emerging
multidrug-resistant bacteria and its synergy with antibiotics [J]. Archives of Microbiology, 2021, 203(5): 2257-2268.

[114] Redondo LM, ChacanaP A, Dominguez J E, et al. Perspectives in the use of tannins as alternative to antimicrobial

growth promoter factors in poultry[]J]. Frontiers in Microbiology, 2014, 5: 78827.

[115] Dowarah R, Verma A K, Agarwal N. The use of Lactobacillus as an alternative of antibiotic growth promoters in

41



BRI FIR

pigs: A review [J]. Animal Nutrition, 2017, 3(1): 1-6.

[116] Grant A, Gay C G, Lillehoj H S. Bacillus spp. as direct-fed microbial antibiotic alternatives to enhance growth,
immunity, and gut health in poultry [J]. Avian Pathology, 2018, 47(4): 339-351.

[117] HusS, Cao X, Wu Y, et al. Effects of probiotic Bacillus as an alternative of antibiotics on digestive enzymes activity
and intestinal integrity of piglets[J]. Frontiers in Microbiology, 2018, 9: 2427.

[118] Ramlucken U, Roets Y, Ramchuran S O, et al. Isolation, selection and evaluation of Bacillus spp. as potential multi-
mode probiotics for poultry [J]. Journal of General and Applied Microbiology, 2020, 66(4): 228-238.

[119] Abdallah A, Zhang P, Zhong Q Z, et al. Application of Traditional Chinese Herbal Medicine By-products as Dietary
Feed Supplements and Antibiotic Replacements in Animal Production [J]. Current Drug Metabolism, 2019, 20(1):
54-64.

[120] Lee CR, ChoIH, Jeong B C, et al. Strategies to Minimize Antibiotic Resistance []]. International Journal of Envi-
ronmental Research and Public Health, 2013, 10(9): 4274-4305.

[121] Heffernan C. Antimicrobial resistance in China’s livestock []]. Nature Food, 2022, 3(3): 191-192.

[122] Salim H M, Huque K S, Kamaruddin K M, et al. Global restriction of using antibiotic growth promoters and
alternative strategies in poultry production [J]. Science Progress, 2018, 101(1): 52-75.

[123] Nilsson O. Vancomycin resistant enterococci in farm animals-occurrence and importance[J]. Infection ecology &
epidemiology, 2012, 2(1): 16959.

[124] QiaoM, Ying GG, Singer A C, et al. Review of antibiotic resistance in China and its environment [J]. Environment
International, 2018, 110: 160-172.

[125] Liu F, Zhang R, Yang Y, et al. Occurrence and molecular characteristics of mcr-1-positive Escherichia coli from
healthy meat ducks in Shandong Province of China[J]. Animals, 2020, 10(8): 1299.

[126] Tang K L, Caffrey N P, Nébrega D B, et al. Restricting the use of antibiotics in food-producing animals and its
associations with antibiotic resistance in food-producing animals and human beings: a systematic review and

meta-analysis [J]. Lancet Planetary Health, 2017, 1(8): E316-E327.
[127] Ungemach F R, Miieller-bahrdt D, Abraham G. Guidelines for prudent use of antimicrobials and their implications

on antibiotic usage in veterinary medicine [J]. International Journal of Medical Microbiology, 2006, 296: 33-38.

[128] Jibril A H, Okeke I N, Dalsgaard A, et al. Association between antimicrobial usage and resistance in Salmonella
from poultry farms in Nigeria[]]. BMC Veterinary Research, 2021, 17(1): 234.

% (1983-) 5, A, R TRARFER
RULEREH AL, HFFETT A REUER T
=, R, 4EP. B2,

Jia Li From Beijing Beijing Technology and

BhEME (1999—) &, R TRAPAEY T
Lkwit:, BIEITERNAEYE T,
Aiping Han received Master’s degree in

Bioengineering from Beijing Technology and

( } Business University Large scale instrument Business University, with a research focus on
*I ~ and equipment management center. His re- Biochemical Engineering.
- — search focus includes open sharing of large-
scale instruments, data analysis, maintenance,
and repair.

42



	引言
	食用动物农场细菌对抗生素的耐药性
	食用动物粪便中细菌对抗生素的耐药性
	动物养殖废水中细菌对抗生素的耐药性
	食用动物养殖场抗生素耐药性的潜在风险
	与动物直接接触
	接触动物粪便、废水或生物气溶胶
	食用动物产品的消费

	减少食用动物养殖场抗生素耐药性的策略
	新技术
	抗生素替代品的发展
	抗生素应用的严格管理

	结论
	李嘉
	韩爱萍


