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potential risks to human health. With the advances in high-throughput sequencing and
bioinformatics, metagenomics has been widely used in the study of antibiotic resistomes in
different environmental samples. This paper introduces two metagenomic methods for
environmental resistome screening, summarizes the current mainstream bioinformatic tools and
databases, and describes the risk assessment framework of environmental resistome and the
related practice based on metagenomic technology. We aim to provide a feasible roadmap for
the monitoring, risk assessment, and control of environmental resistome.

Keywords: antibiotic resistance genes (ARGs); resistome; metagenomics; bioinformatics; risk

assessment
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Figure | Main action mechanism of antibiotics and resistance mechanism of bacteria®*>). (D Inhibition of
cell wall synthesis and repair; (2 Alteration of cell membranes; 3 Competetive antagonism activity; @
Interference of cell energy metabolism and electron transmission system; (3 Inhibition of nucleic acid

synthesis; (© Inhibition of protein synthesis; A: Antibiotic efflux; B: Antibiotic inactivation; C: Reduced

permeability to antibiotic; D: Antibiotic target alteration/protection/replacement.
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Figure 2 Metagenomics analysis process for environmental antibiotic resistome. The red line represents the
analysis flow based on short reads, the blue line represents the analysis flow based on sequence assembly,

and the gray line represents the common flow.
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Table 1 List of general resources for metagenomic analysis of antibiotic resistance genes
Bioinformatic tools Tool types Descriptions Version status Website
ARDBM! Database Manually collected ARG database V1.1, 2009.07 http://ardb.cbcb.umd.edu/

CARD (RGD)™  Database

(4 500 sequences)
Organized by the Antibiotic

(software) Resistance Ontology (ARO) and

SARG
(ARGs-OAP))

Database

ResFinder™ Database/

Software

AMR gene detection models.
Hierarchical database derived from

(software) ARDB, CARD, and NCBI-NR

(>12 000 sequences)
Acquired ARGs associated with
horizontal gene transfer events

MEGARes™** Database Manually collected ARG database
(~8 000 sequences)

ARGminer!*” Database/ ARGs detection platform

Online integrating multiple databases

Resfams®! Database ARG database based on Hidden
Markov Model (HMM)

DeepARGH” Database/ Prediction of ARGs based on deep

Software learning method

Mustard!*®! Database Predict ARGs integrated 3D Protein
Structure (>6 000 sequences)

FARME DB™ Database ARG sequences from functional
metagenomic studies

BLDBY Database Sequence information on all the
currently known B-lactamases

LacEDP!-%% Database Sequence information on TEM and
SHV B-lactamases

MUBII-TB-DBP**!  Database Database of ARG mutants of
Mycobacterium tuberculosis

U-CAREPY Database Comprehensive ARG database of
Escherichia coli

ARIBAP! Software A combined mapping and targeted
local assembly approach

GROOTP" Software Variation graph for reference gene
sets with an LSH indexing scheme

ShortBRED”] Software A marker-based approach

V3.2.5 (V6.0.0)
V2.2 (V2.3),
2021.01

V4.1, 2021.09/06
V2.0.0, 2019.10
2020
V1.2,2015.01
V1.0.2, 2020.10
2017.09

2017

2022.11.16
TEM, 2017;
SHV, 2010

V2.0, 2013.12
2016

V2.14.6, 2020.09

V1.1.2,2020.05

v0.9.4,2020.05

https://card.mcmaster.ca/

https://smile.hku.hk/SARGs

https://cge.cbs.dtu.dk/services/
ResFindetr/
https://megares.meglab.org/
https://bench.cs.vt.edu/argminer
http://www.dantaslab.org/resfams/
https://bench.cs.vt.edu/deeparg
http://mgps.eu/Mustard/
http://staff.washington.edu/jwallace/
farme/

http://bldb.eu/
http://www.laced.uni-stuttgart.de/
https://umr5558-bibiserv.univ-lyonl.
fr/mubii/mubii-select.cgi
http://www.e-bioinformatics.net/ucare
https://github.com/sanger-pathogens/
ariba

https://github.com/will-rowe/groot

https://github.com/biobakery/shortbred
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TB-DBPAI U-CAREPI & i3 1 45 E M 2 4
PR T 24 1

kT 0 ARGs TR () TR 1 R0 1 29 315
U5, ARZ 5 WL TR RS o e,
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Table 2 List of general resources for metagenomic analysis of mobile genetic elements and horizontal gene

transfer events

Bioinformatic tools Tool types Descriptions

Version status

Website

ACLAMEP®!
MGEdatabase™”!
mobileOG-db!®"]
PLSDB/¢!
PlasFlow!®?
ICEberg
(ICEfinder)!®*
ISfinder!®
INTEGRALLI®
PHASTER/®®!

Phigaro®”)

IslandViewer®®

HGTector®”!

WAAFLE

RANGER-DTL!""

MetaCHIP!

Database/
Online

Database

Database
Database

Software

Database
(online)
Database/
Online
Database/
Online
Database/
Online
Software
Database/
Online
Software

Software

Software

Software

Comprehensive database that collects
and categorizes MGE from different
sources (>120 000 sequences)

More than 270 gene types, including
plasmids, integrase, transposase, and
insertion sequences

Covering 6 140 MGE protein families
Integrated plasmid sequences from
NCBI database

Predicted plasmid sequences from
metagenomic data

Integrated and conjugated elements of
bacteria

Insertion sequences for bacteria and
archaea

Comprehensive integron information

Identification and annotation of phage
sequences

Detect the prophage genome

Predict genomic islands from bacteria
and archaea

Identify genes in genomes displaying
taxonomically

Discordant similarity to genes within
reference database

Identify genes in contigs displaying
taxonomically

Discordant similarity to genes within
reference database

Reconcile phylogenetic incongruencies
between gene and species trees
Combined similarity and phylogenetic
incongruency approach

V0.4, 2009.08

2018

2021.08

V.2021 06 23

V1.1, 2018.05

Vv2.0,2018.09

2021.09

2021.09

2020.12

V2.3,2021.03
V4,2017.05

Vv2.0,2020.12

2018

V2.0, 2018

V1.10.6,
2021.09

http://aclame.ulb.ac.be/

https://github.com/KatariinaParnan
en/MobileGeneticElementDatabase

https://mobileogdb.flsi.cloud.vt.edu/
https://ccb-microbe.cs.uni-saarland.
de/plsdb/
https://github.com/smaegol/
PlasFlow
http://db-mml.sjtu.edu.cn/ICEberg/

https://www-is.biotoul.fr/

http://integrall.bio.ua.pt/

http://phaster.ca

https://github.com/bobeobibo/phigaro
http://www.pathogenomics.sfu.ca/
islandviewer/
https://github.com/DittmarLab/
HGTector

http://huttenhower.sph.harvard.edu/
waafle

https://compbio.engr.uconn.edu/
software/RANGER-DTL/
https://github.com/songweizhi/
MetaCHIP

W E) ARGs [ 2890 J5t I8 AL 464 1K
oxit B R f R XURS , — B PR IR T 24 4
FHIEE S5 . B JJ A F(virulence factor, VF)J&+5
AT . 8. B SFEMAEIR" 4 wh
RETIMBRGEE RS, RIAE TR
O BE 7 AR 5 SR 0 I R LR T

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

s 7E MGEs FIF#EI KPS, D0 HE AR
AR RS R e IR A B Rk, A
B F 5 T 245 A0 TR 0 S0 1 XU 1 S A S IR
M3 Fin, Heic A 2 EYE % T HAH
S U 2 5 DR 28 5040 482 v 7 s it o1 R i g 1R
[, Hodh VEDB FI PATRIC BB FHE 12,



i o5 FE S5 PRI 245 20 K FL A R X ) 2% 2k DR A 2 AT 0 SR A 5 2%

1547

*3 RERAFMREMBEDEERMEHETFHERIIE

Table 3 List of general resources for metagenomic analysis of other microbial resistance genes and virulence

factor
Bioinformatic tools Tool types Descriptions Version Website
status
BacMet!" Database/  Antibacterial biocide- and metal-resistance V2.0, http://bacmet.biomedicine.gu.se/
Online gene database, including 753 experimentally 2018.03
confirmed resistance genes
VFDB!™! Database/  Database of virulence factors of pathogenic ~ 2021.12 http://www.mgc.ac.cn/VFs/
Online bacteria, including 4 271 experimentally main.htm
confirmed resistance genes
Victors!™ Online 5 304 virulence factors of human and animal 2018.08 http://www.phidias.us/victors
pathogens
PHI-base!” Database/ Molecular information that affects the V4.12,  http://www.phi-base.org/
Online pathogen-host interaction 2021.02
PAIDB!® Database/ 223 types of pathogenic islands and 88 types V2.0, http://lilab2.sysu.edu.cn/
Online of drug-resistant islands 2014.10 microphenodb
PATRIC!"! Database/ A comprehensive database of pathogenic V3.6.12, https://www.patricbrc.org/
Online bacteria 2020
PathoFact!"® Software  Easy-to-use modular pipeline to analyze V1.0, https://pathofact.lcsb.uni.lu
toxins, virulence factors, and drug resistance 2014.10
genes in metagenomic data
VirulenceFinder!””) Database/  Identify virulence factors in the genomes of V2.0, https://bitbucket.org/
Online E. coli, Enterococcus, Staphylococcus aureus 2020.02 genomicepidemiology/
and Listeria virulencefinder

rh ] R 2Rl 2R B i A 1 D TR 0 DR e I
(virulence factor database, VFDB)/ it 4E &3l 1
32 MR R P ErE E B TN FE R, W T
14 ~KZE 100 Z24F2Rry e, 5 BacMet
B RS, A o 28 S Bk Y B ) R0
A% 0 A 7 (setA) FHAE 1 30 66 [T 1) 4 P2
(setB). 1M 3 [ 91 35 J& MU BT 2 A5 R T BA
& B9 B 2R 40 9% R 25 4 0 (pathosystems
resource integration center, PATRIC)!"E 1 Flfif
fE T IRRI BRI Festdl . BN A% %
FhEEE Y, JHER AL T &AL b F T M4k
BT H
ERRSIEBIRIEMT H, FEAESA
L M A5, Wsz B [ &R r R
T LAY B R T & e B . R
SRR AR IR v R4S E ARGs I, B

R B JC S R, i AN DL % 558 P72 Pl e
SR HER ARGs, MIMEAE ARGs 1Y
ZFEME . TR AR B A AR R, — 7 I,
R HE PR Z T RS2 045 BB BT, vk &
BHSCGSR B4 ARGs WIIF8; 55—, B
AR X L A 3 1) 4 R PR S ik o R ) S8 AR Bl [
W, AUAS TR T, X —3 4> ARGs AN[H]
(141l 2 5 W S 237t B0l P 1 T A AR PO

EA MG LA T A ARGs B 15 X %2
S BRI ARG P31 iR 5 Sy 028 2
2] ARG-miner . CARD .MEGARes Fll SARG
S5 FHBE PEAE IR REAS I ARGs Al THI e
AR, FFH AL AT LA S A 2
P E (L an BLDB) G AR5 B- A ok e il , i
FH 2 AN 8E Z2 8 1 T LABRIS B £2 1 ARGs.
RLE X RIS PRI A A 11 22 56 DR 2 5 i £ oE
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Frfprist, Aok 2 A A %, X
WA ol P AT AR IO 4 TG ) BRI JR AT 2 R [l
H T W 60 RS T A i 2 O 22 U T
FROIERRPE , LI A5 o o AR OGRS A Y
EHALEY, SRR R R, PR R
El REUEIN TN URTIE /e T Sy

3 IR 2 A B RSN AER

BT A RBURIZ % 1) ARGs Al ARB 7]
B 233G O R AR SRS T 25 ME A L3, i 5
i AR AR 24 Vo IR B e R B T A Ak, kT
X NEARRRE AR, TR, PR
FANTA R — 6™ 5 g Jolp 2 Fhefdt e 2 4= i I A 11k
YL T Be S AR IR A A T . e B MR A B
W UIAE G, A 05T 3 B 22 B DRI e AR v
U0, - AN TR T AT 1) ARGs 45 35 100% ) 15 51 7]
—PEE XCERULIAEREE AMR A B4 fet BRE XU
AEEBAN . SRME XTI AMR B RFUEIREIA
2 fg FE XU PF- 4% (human  health risk assessment,
HHRA ) LB, 3™ 5 20 T J 2 XU
EHLBOR B9 E o WHO #1238 T 9 sl
15 7 (predictive model, PM) Al 5] & - %5 j A Y
(dose response model, DRM)AY 1 A4 ¥ & & XU
PEAL H 15 (quantitative microbial risk assessment,
QMRA), XI5 o RR o SO AR P77 A A 1Y
FIREVER VST TRCAR AR T
T SOHFEFRAE . BRERVPAGFIXES FFEA 4 25
BEETEE S R RE A AMR A AU $ 1L
TAE%, BA—ANE 20 s 2 AR 4 ARB
A HAE 9 ARGs K IFAE AMR MIRBE L
i ES NS SN A

AR SCHR B B A B 2T 0000 AMR B XU
TEMAEZLZ: IR & 3 R mfe: (1) faFE
E : AT ARGs Al ARB [ FR5E 4041 F1=F i
K, PO RIHCREY) BT ARB A IEREAE T

(2) &3 RAL ENEAE B PPAG ARGs [ Ji
REERS I R AR, I RAE A ERA RS2, (3) #
FEVPAL - 7 P ST R b i 24 19 I
A Tk A [F) 7 A2 B ) A A O ARE 3 o (4) JRUR P AE
ik A AR T PR ARGs Fl ARB 5|
B RGP B L . SR Z0ER HHJ, 1X
— XU P HEZRAE SE PRt B 4, 2
AT Z BRI IR A R Rt
HERAL S Y (NE &R AW A KGR Ry 2 82 5 20
PRI 25 P e Z TRl ) SC RIBANTE A, BEATTnfE
PR ONE HE  E 2% 02 ARGs KK
R AR FSZ I ARGs AFREE ARB [1] 955 Jirt {4
B A AR, XPHi% ARGs 1 ARB 1)
HEAAR R SR A AL 5 = JEFF 8 ARGs Hil ARB
o] NAAL B 1 i A% | AR AT R 2
Y R 280 ARB 57| i -800 B s 1 B =
I, A5 SCIAERR I IR EE AMR XU PEAS A 75 22K
SEIE AR SRR . H TR AT 32 27 A 3 48
JE | fEFRIEX MG T —RIEUR
30 RBELE: MMnERMZEER
e, RIEE A S R AN S hi A R
2 TE1) P e JHE - W] 07 5 2R 0k PP A PR E v T AR R R
2 X A BRI 2 P R AR AT, AT AMR
RIERIAKE: . —MEOLT , P HiA R 2
5 1 e F A/ M R (minimum - inhibitory
concentration, MIC), Tfij V. 1] b8 ¥ & f) P A 2K RE
PRI 74 ARGs . H2 S AE 2 AR MY
A% v i 1 I i I B A R I e/ NIRRT
J (minimum selective concentration, MSC), 775 %
£ A 24 K 5955 J11°), Bengtsson-Palme 2514
PRI ST 4 T — A A A TR T 245 Pk 7
R B (predicted no effect concentration,
PNEC) 5%, Bl MIC BR LA— DA PR (5%
R 10), TR MIC #1 MSC Z A2 5,
EUAE W R E PNEC DIF, WIAHER
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\ Antibiotic resistance genes (ARGs) l \ Antibiotics, metals, biocides, etc

Bacterial selective
pressure

Absorbed into bacteria or
random genetic mutations

\ Development of antibiotic-resistant /
bacteria in the environment

(carriers and repositories of ARGs)

Hazard
identification (A)

Horizontal gene transfer
and gene mutation

Development and
enrichment of pathogens
'| (infection, colonization and
multiple resistance)

Hazard
E characterization (B)

_________________________________________________________________________________________

A 4

Breathe
(air)

Human
exposure and
Exposure ; .
infection
assessment (C)

Ingest i
(food or water) i

i Risk characterization
(D=AxXBxC)

B3 IMEHAE R MR KEITMES

Figure 3 Framework for risk assessment of antimicrobial resistance in the environment.

PR BT AN 7 A T 240k A T R s RS I
T EUCAST XEFEr 111 FhisE R K 11 Fhi
A RAEH) MIC, FETESLEERE F T8 0 T AR
f) PNEC . Zhang % % 0798 T FR B A
VLT AR 2ty Sk i T 7 B 2 0 XU, 45
REW 36 FgAI BT R A 23 FibiE R
B RS K P A v, RIS v T B e s e TR T
W) 15 km JEFEIN . 548, Rico ZPHRH T —Fh
TGRS AMR K JE RS HER 3k, IF7E
K= IR S T T, Ok

A (BRI EUCAST BRI . Wi &
7%, EUCAST %t & Hhbid: = MIC 315K
ZRIEFHIRE, KEZRKEBAEMAEY,
7 DU A 15 S 6 TR g i 3 R A T AR 36 2 B
B, B, 2R E P AL IR
i, AR IR G W LA 0SSR T 25
RN RS Ao B, B AR I &
B GE T T ARSI X T Ay 3 b PR 4 255 B JRUBS A T 47
LR RCT ) MIRIATE B 2 0 S Bk AT
JrktiAl, DL R 5 A AR 5 i SE PR B
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FARR
32 fEERIME: ARGs 8978 FiR 7

HEEAAEE AMR (RS TS HEZE | it
2 TR ) R 531 R R AIE TG B S i 3 ik A G
L G A3 0, FEFREE AMR (0 Wil T4 24 e,
AN 2R 2 FER) ARB 42 A Al D,
— 7 T X A AT N S A XU FE G
B 53—y T AT LA S ) S 1) R %
Q0TI B A7 9 AN TR ARV TR R SRR P i AMR
PIEHE, X2 ARGs (078 15 5T ik
A SR SRS B R B4 T
() ARGs 1 ERAE LS, FHHe T e
PoFAFN R BRE: (R 4)

WG A, 3 4 A 85 57 0 7 2 TR
ARB K HAHK ARGs W« & brifE”, (HZME T
AP R AR R SR EY . Kk, HAr
T F Y E MG 2 F B G R 5
ARB, FEHCHMNT . 2R FE AR | 9%

F4 FEBARGs BEIRMNAZREMRS

LTS A B 43 e 4 R (FACS) . 2B 9 Al S A
F AR (epicPCR) il 157 3 it Yo (0 /K 44 G2 4 4R 2 R
(Hi-C)3% 5 Ry 1% o H HIAR S 23 B A2 R R 4
SRR N TR 5l FERE L WK
DU AN L3 45 PRI AR A 1Y ARB i, 17 oAt
3 MhEORE TR SRR 7 2%, R ARG
TR T 3X 3 Mok, BB RS & S A
ZFEIRE S o AR B i g i vk (an
Pearson F1 Spearman ¢ & 50K 4l ARGs F
5 AR R 2 TR DK, DT A P AR Y
“ARGs-15 £7 K FR o, 2 H 2= H AR AT LIKTR
TR MM MIEEE B, 2T contigs
1l MAGs, @il 515 ARGs @M R K
BArEY, ATLUK ARGs 54902515 Bk
Filk ., HRX IR O, R A e
RIERIEASE ARGs KA Er9 2 HEME 7
SR, T ELERA R T, AR 0 N
{RRATY AT L5 W H R BRVEAS WAL -

Table 4 Summary of ARG-host identification methods and their advantages and disadvantages

Host identification method Advantages

Disadvantages

Traditional bacterial culture

method characterized by phenotype

Correlation analysis
throughput

Metagenomics

the bias of primer use, can obtain more

Reliable and stable, and can be

Low cost, simple operation, high

Non-targeting, high throughput, avoiding

Only the resistance of culturable microorganisms,
time-consuming, laborious and difficult to
quantify

Easily result in false positive or false negative
results. Data standardization methods affect the
quantity and intensity of correlation

Limited by sequencing depth and assembly

strategy, impossible to capture strain variation

abundant genetic localization information effectively and locate host of broad-spectrum

Fluorescence-activated cell
sorting (FACS) plasmid transfer
Single-cell fusion PCR
(epicPCR)

High throughput chromosome High throughput, high resolution, can

conformation capture

technologies (Hi-C) target gene

High sensitivity, fast speed, can track

obtain the genetic background of the

plasmid effectively
Affected by pH, temperature, and oxygen
concentration, and cannot effectively screen for

more complex environments

Low cost, high throughput, highly parallel Limited by primers, not accurate quantification,

cannot obtain genetic background of target genes
The experiment cost is high, the data noise is
loud, the experiment process is tedious
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3.3 EERME: ARGs IR DR

T FIRIREE ARB ARSI, AEE—4
P& T R 24518 i A SRATE 8 IXUBS: PR L B
RIPAEE AMR XU 320G T 3 4~ J71H : ARGs
Xif 7 P AE E i 2525, ARGs J& A7 5K
Bros BT, AKX ARGs 274 Al RE v 7 5
SEBRIR B o 72 R 2] 24 0 A B KU T
W B SR R T HEAER, 2R e
ST A SRR

Fban, Martinez 2510 ARGs XU i BB A
[F A5 E(RESCon) 43 i 7 2% : RESCon7 KUK i AIK
2 X ARGs B4 2 J5 AH U 356 31—
FIFER P15 An iz e 5 A 278 MGEs I,
)14 RESCon6; X ARGs #Ef7UIfEIEAS, nik
Yt T LRI R R BT ML RESCons,
M b5 1T 208 BT EEALEI S RESCond ; Xt
b F Al s AEAR A A P A R 3R B T I
YL ARGs J& T- RESCon3; XU fix 15 A2 1) 4
Fhxr H EAE BB A ™ Az i 2 i R R I HL
fiF MGEs I, X865 H 0] 74 T A6 ik
(RESCon2)} A 255 Js A H (RESConl1).

FAUH ARGs KU 43 2% i) SEAE L 9 0 FH T
Hu "R 5E R, i T AR R
e 24 1 XS PE A 14 R (R3DW), 5 RESCon
T S 2 1 DX 2 T BT A ST e e A Y AR 7K
o, WMRIRK ARG HH) ARGs &7 F MGEs
- HAFTE T Re 32 S 5 i AR iR iy, )
BIA 2 XU B = Y (R3DW ). Ma 251 O0[a] e
EFXTIR K RGTF R THISEMF5E, R4 ARGs.,
e R FIHERT ARGs A9 JEAR ARG I 285 51,
KK SRR RS 20 = . A P, FEAR
HRI 5 ARGs IR IR, B %, FEAH
K E] ARGs FislrfA, (BICH#E ARGs F Ji
s C 9, FEARPAEME] ARGs. HHFHE A
SRR SER, 240 A 9UR1 B %

G353 PR AR, Feom B B AR R i v
7 KU B 8 o Zhang S5 ORI T — AN TR
BN TSR E EEREEX 3 A
REXT ARGs WU A THEF BUAESE, X A HE
ZRGE SR B XS ARGs (Rank D) 56 T 48K
W9 WHO WAE 4 5 XU i ARGs .

WA W 58 45 6 72 AL 91 41 % T 1 RN
ARGs A& BEINH, XFIEREA LT T 25
PEXUES B 28 A PEM . Eoan, Oh 203 F 72 3%
Al 2= A s BT R T — Mt 8 ik
(MetaCompare), MRIEEE ARG BYFHXSFJE
B S VR RN AR N A TE RS L AT P4, RS
Xof i 24 1 RS UEA T 28 A5 PF4r . Su ZEUONG ARB
FIA R A4 @ittt A% 5, 1l T —H
BEXTIRBE T 25 2 A 275 R 40 7 vk, RefE AT
RF N v XURS: F4 R

T3k, R 20 43 0 7 T A R
AR oE R AN A JE R 20 i el B, Liang ZEU%T5k
FIFZ T X 4 ARGs FIEE 1 735 PR i 40
R AT TS E /e, DAL i YKk
RS PEAL o Zhang 25U OOVE BRI 4 BROAS W) A= 355
(A B P 5 TR A B ety |, AL 2 A5 RN
] etk AT R s L B AN AR AT
ERIEAE T 2 561 Flr ARGs Sof A2 il £t B XSS o
Su 25T HE AN [A] R 5 78 32 PR 7 3 R 41
PSR, O T R ERE W L R 4] H SR
Hh R DG S WA 1 v XS T 24 TR 77 B

DA b5 Ry S B2 24 1 0 D R 1 A 2
TATT 1 5 2 118 JRUPSS: AR A1 5 38 B2 AL 1 50000 14 J 1)
& ERRAE R, EUE Qo] B 5 % M R AT 1 245 1
o5 SRR () A B R, LA R il 4 e S ) AR )
B AL AR, A5 —AMEAR R AT 4 [R]85,

4 REEERE

PUAE 2R M 2 [ R B g 4 BR A S
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J# o TE“[A]—/~@FE (one health)”fEZE T, A&
S FIIR BT (e S e R . EA R O
FNTTH PRI 25 A A AT A 406 R A R 2
JOE X K A A A . B A v
RHAEYE B FIERNH#E Y, RERNAFEAR
C8 )z N FAFEIEAE AT ARGs fi
W, ANAS TR, AR X RS i 25 HF A
AN [R) 1 % L DR 20 2 43 M 7 B 2 R A A5 R 2
SITEIE , WORHL B ) TR R 2T
Pl A X AR AN RS, R (1) N
P A L T AR PR/ Bih ARGs 2+
PEFNF BE AR BE THOR- &, FERDRBERL .
15 KAL B FEGE % 3 i o s AU ARGs
(i1 CTX-M. NDM . mcr fl optrA)iyiits FAL
S, XA I B T R SR A R
N 5(2) % FE PR A 2% 5 1% 04 0 FH e 8 B 4 b AT 5
ARGs [WIEHEHLE], #C ARGs MIRBEANEF;
R 2 N\ 2R B0 T 10 ARG PG ik a4, @ dr bk
F.OWHEN . EEE TG Y YRR 22 A R
TR INSZ SR A A A S Ak A i i A T AN HE
AR BRI AR (3) A B T RBAE 2K
MM ARGs, Tl H AR KA RES KA MBTA R
i 2450, [1 s ] AR KI5 40 TR Tid 245 1 1) P 7
SR I R o TRV E 1WA o N A S = AW £
WA -

SR, 7 Jk DK 21 2 Jy VA A BR B T 245 2H i 52
R A AE AR - (1) BT XPBIFSE A T R
P, ane] BE R AL A P 1 B 3P RN EOHE T
A7 Tt 245 41 1 O A Ao A — AR 2 20 0 T
VB, XHF5EE A W15 BAR B 2 F04r 1 2B W)
SIS ERERE AR TR REKR 5 (2) HAET
ATyt = bR o FORR g B B8 S BT 6, AT B
2 DR LU T B ] — Pk B (B R AE AR A, A 2 )
REJE R B PRI AN 5235 . BRI ANE S, ik
DRIAG N %) o A J32 R 2 8 52 380 00 s T8 B Y 31

iR BRI, AR T SR I g A b
IR s (3) ZBER A7k H g L DNA J7 51
R AIVETERY ARGs, T XT ARGs st &bk |
FIRTE ST . IR R E(F B TL B2 EYE
Rk, #Er &R k. R Ak s HEAk 1 55 4y
Mri FE R S — TR S M Bh S 0 TAE, T EaLF
AN AR RURE Y HAR, A fe A (e
SRR R 25

BUAL, S T i X T 24 35 RS R 3 BRI
BTN IR, 32 15 PR3 i 24 2 JRURS: $330)
PIAERR L, ARRBESE P A SRR 5 e i
RFEFTEIGE S, —HHEEFAFHE AT
R B E IR G, ek
HAMFRIN 25 KA A ARB LAl |, A 80w b H
Oy BURPE RN 25 1 SO RHE, 5 PCR.
RT-qPCR 54 FAYEH ARG S, BB S
PSP BT MR 2T 23N S5 P55 5
— 5T, AR . AU . SRR 41
JPEHARIEEDRIE, FILEMALEE 25 .
TR Z A 2B AR W72 T 3 5%
AT, XSSk BT B AT Fpk IR
AR R T 245 56 K 43T A Re 3R A 0 3¢
P, RN A e A i 212 () A B e it
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