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Abstract: Antibiotic resistance genes (ARGs), as emerging contaminants, are posing a serious threat to human health and environmental
security. How to effectively combat the increasingly severe resistance crisis has become a global challenge. ARGs derived from manure are

the main source of ARGs in soil, and involved in the multiple interactions of antibiotic resistance evolution in different environmental
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components. Therefore, it is of great significance to clarify the fate, dynamics and risk of manure—borne ARGs between soil and other

related environmental media. This prospectus reviewed the recent progresses in the distribution characteristics, environmental fate, human

exposure risk and effective alleviation strategies of manure—borne ARGs around soil ecosystems, and advanced the recommendations for

future research. This review can provide theoretical basis and decision—-making reference for effectively reducing the risks of ARGs in the

environment.

Keywords: soil; manure; antibiotic resistance gene; environmental fate; mitigation technology; risk assessment
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ZFZIYIIMESE o QIAN S8 3 Ff i AR A= 2 R e (Bl
PN E T | 5 [ PG 3 A e T R I 3 R AR ) 1 45
HAIREE B TR 2R T LAY ARG
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Table 1 Manure borne=ARGs detected in different soil samples

- o N ARGs/MGEs 4% . .
ME MK AR ik 22 RG/MGEs 4537 -1 Kok B
R . . . Absolute abundance of ARGs/ X
Country  Region  Soil and manure treatment Antibiotic resistance . B Method of detection Reference
MGEs/(copies-g™")
| ] oA H RS b 1 17 Ff ARGs, Intl 1 — S E R PCR(gPCR)  [35]
i KRR EZEVIERIE 166 F ARGs,9 Fl' MGEs 9.55%10°~2.83x10"%/ SO E S PCR - [36]
-3 1.14x10°~2.29x10" (HT-qPCR)
TE IR R AR A3 35~79 Ff ARGs — SR PO E S PCR - [37]
R (HT-qPCR)
=M it FH 26 A K e 1 1 100F ARGs, 9 Flt MGEs 1.0x107~1.3x10" SO E S PCR - [38]
(HT-gPCR)
WAL FRFHG ISR IEETL AIE tetW tetC tetG tetl sull | — S YEE B PCR(qPCR)  [39]
sulll \intl1
deaT Jiti FI A 2 A HH +- 48 61~73 % ARGs — FIE R POEE R PCR - [40]
(HT-qPCR)
IR MUTGIERMAZEE A 13 ARGs, 2 Fl MGEs — R PIEEH PCR(qPCR) [41]
VEIR it FHMENE A S e XS 2 R M 140 il ARGs — EEESCHIYOLER PCR O [42]
A2 1 (HT-qPCR)
WA R A% 2 XS TR 428 50~84F ARGs 4.10x10°~1.97x10"/ FIEE S PO E PCR - [43]
ENES et -3 2.73x10'~3.57x10° (HT-qPCR)
LHe KW AR E R IERESE 23~32F0 ARGs, 35 1.15x10°~7.21x10"/ SO E B PCR(qPCR)  [44]
A H A4 MGEs 9.02x10°~1.15%10"
BRFIW. SBRA AL 2K S 67~82F0 ARGs, 10D 4.37x10°~2.02x10"/ FIE S PO EE PCR - [45]
S MGEs 1.23 x10°~6.94 x10° (HT-qPCR)
FHE FREE KIS b A 2 A A3 337l ARGs blaSHV:7.94x10°~2.00x10°  fsifi#% & it PCR(mfgPCR)  [46]
T %7 intl1:1.00x10°~2.51x10’

floR:1.00x10°~6.31x10°
mexB:1.00x10'~3.98x10’
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2.2 TEHRFHHARIERE ARG HIIFRE4F4E

AHUIEIE ARGs #EA 1885 , 7E HGT M VCT/EH]
I 2R R B TR A () s
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Figure 1 Transmission of manure—borne ARGs in the soil ecosystem
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-2 B - s i B R R AR RGP ARGs
B AR, sz IS I B U E Y ARGs
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A W51 i 3 PP 2 5 87 Bk ELAT DU B 28 2R/ s A e 2
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AFAE VU IR 2 2 FIE e 2 Ho I D), 28 B e 51 g T2 T
245 A B A X
2.2.3 ARGsTE I E-HEY+H T
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YERIh R T F 519 ARGs (%2) . AR E S
LU ARGs 1Y & L1 B oAy 22 vk . M AR B g2
TA= W06 2l A HGT (#0326 I 19 oK
SMEFEXT G, MR PR A EE R ermC FH ermX 1E 63 d A9 AH
Sof T 8 3 53N 103.0% F171.5% , 26 W E K HL B
R T RIS NESRPUIEIL A & 4R, ZHANG )
TEAE AR B 4 HE MR AR LU 2R 9 A L 4L G
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BEAEZZNIAL, A PLIE 238 in it i ARGs
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RENS I 1 A AR B 5 P AR L 2O T3 345 ARG,
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Table 2 Manure borne~ARGs detected in different plant samples

2a N g
M% K HARAT B A3 B 2 ARCAMGE AT P Kol )7k 2% 3k
Country Region Plant and manure treatment Antibiotic resistance solute abundance o Method of detection Reference
ARGs/MGEs/(copies-g™")
EHE| ] JEMEZEM B B3 1 1650 ARG, Inil 5 — SERT 9 RE B PCR(qPCR) [50]
TR AL AR M 1450 ARG, Intl]
bt RN ESE ST AR M 16~57 FlN ARGs; — 118 ST E i PCR [55]
FEE i 11~18Ff ARGs (HT-qPCR)
Hi%R LIREESIRERS AT : 124 Fl ARGs 4.43x10°~1.52x107 BRI OLERPCR - [77]
(HT-qPCR)
fizes Jiti FH 2 240 BT SR A 187 : 93 Fl' (ARGs+ 7.57%10'~5.95x10° e A S E i PCR [78]
MGEs) (HT-qPCR)
BORFIE.  S8/RA i FHAENE 2R 2 RENESE 28R IHIET - 60~61 At ARG 7.45% 10°~8.24x10"/ FE SRR E R PCR - [45]
A3 RN :6~38 Fl' ARGs 4.01x10°~5.89x107 (HT-qPCR)
FEE WM FEHMEIE 2 A e S b 43R 406 Fl ARGs — TRy [79]
B D450 70 ARGs
IEER WREEA it A 2 R HEAE XS ZE Y sull ,intll, — SE 266 2 i PCR(qPCR) [80]

ERNNIEAlEEs

str(A) ,str(B) ,aad(A)
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i 250 5t o] LAAS B ARB 1 3238 5o AR s 1) A ) 4 41
IR, T L B R A P AL — B
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