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Antibiotics

• Therapeutic agent --- treat bacterial infections

• Various types: 1940-1960, golden age
– Sulfonamides, tetracyclines, beta-lactamas, vancomycin, rifamycin

• Countless lives have been saved since antibiotic is discovered
Wright, G. D. (2007). Nature Reviews Microbiology 5(3): 175-186.

Pathogens
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Antibiotic Resistance

2016 University of Utah

• Bacteria can not be killed

• Survive, proliferate, dominate

• Antibiotic treatment failure 

• Antibiotic Resistance Genes (ARGs)
genetic determinant of antibiotic 
resistance

Resistant

Susceptible 3



plasmid integron transposon

Mobile genetic elements
（MGEs）

Davies et al., 2010
Paul, et al., 2013

Horizontal gene transfer (HGT)

Spread of ARGs
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AMR - global challenge

WHO, 2014, Global decreased susceptibility to 3rd generation cephalosporins 5



Post-antibiotic era

UNEP 2023, O’Neill, J. (2014). 

It is estimated that by 2050, human death caused by antibiotic 
resistance will be equal or more than that by cancer. 
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Sustainable production and 
consumption of antimicrobials 
can impact many SDGs

UNEP 2023

Global  surveillance system, 2015

7WHO 2015



Increased antibiotic resistance gene (ARGs) abundance 
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ARGs

Bacteria

Pathogenic
bacteria

Threatening 
human health

ARGs in the environments 

Ø Transmission of microbes and ARGs
human – animal - environment

Ø One health
human – animal – environment health
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WWTPs

Water

ARGs – biological contaminant
• Transmission
• Proliferate 
• Exchange

• Distribution 
and spread
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Woolhouse and Ward, 2013, Science 341: 1460-1461

WWTPs

Soil, Water

antiboitic, resistance bacteria, and 
resistance genes

Hotspots: WWTPs, Livestock farms 
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l Detect diverse ARGs in swine farms

l Application of manure or manure compost lead to enrichment of ARGs in soil

l Metals and antibiotics 

Zhu et al. PNAS, 2013 Pu et al., JHM, 2020Su et al. EI, 2014

Livestock farms 
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l Spatial and temporal Distribution of ARGs in urban sewage in China

l Discharge of effluent and sludge lead to enrichment of ARGs in soil 

Su et al. Microbiome, 2017
Chen et al., Environment International, 2016
Chen et al., ES&T, 2017Wang et al. EST 2014

An et al. AEM, 2018

WWTPs 
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Zhu et al., Nature Microbiology, 2017. 

l Anthropogenic factors 

is the major factor influencing ARG profiles in estuaries
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Questions

• Input of exogenous ARGs or proliferation of indigenous 
ARGs?

• What is the major MGEs for the transfer of ARGs,
Plasmid or Phages?
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l Forest

l Agriculture: vegetable soil, paddy soil

l Urban soil: park soil, road verge soil

• Metagenomic and viromic sequencing
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ØARG diversity and abundance

• Higher diversity in AG

• More unique ARGs in AG
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• Metagenome assembling: 2426 contigs, 3124 ARGs，15% plasmid

• Pathogen related: 32 contigs，43 ARGs，80% plasmid

• All from agricultural soil

Clinical relevant ARG-carried plamids 18



ØPhage encoded ARGs?

• 59626 phage genomes from soil virome

• 2,622,088 genes 

• Only 17  ARGs，soil phages rarely carry ARGs

Liao et al., NC 2022， EI，2022 19



ARGs in urban sewage Reduction of ARGs
l Livestock farming is the major factor

lRestriction on Livestock farming - reduce ARGs? 

l From 2010, gradually closure of farms near waterbodies

Jiulong River 
Drinking water source

Decline in the pig stock and slaughter 
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ARGs in urban sewage Reduction of ARGs
lNine-year surveillance
lReduction of total ARG abundance
lAminoglycosides, Macrolides, Tetracyclines, 

Sulfonamides, and multidrug
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lAntibiotic residues 
and other PPCPs 
remain at a similar 
low level

lSelection of ARGs 
by these chemicals 
may not be the 
major reason 
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lDecline in swine and poultry fecal indicators
lHuman fecal indicator remain at a similar level

lReduction of ARGs in the river should be attributed to 
less input of ARGs from animal waste

Unpublished data 23



Ø Promote awareness and incorporate environmental 

considerations into National Action Plans on AMR 

Ø Improve environmental surveillance and monitoring 

systems 

Ø Evaluate the impact of chemical pollutants on the evolution 

and spread of AMR

Ø Develop or optimize technology for wastewater treatment 

and waste treatment to reduce AMR

Ø Translate current knowledge into environmental legislation 

Tackle AMR in the environment
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Thank you for attention

25


