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Cost, impact, and burden of 
antimicrobial resistance 
bacteria 

(Guo et al., 2017)
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Background



Predicted mortality from AMR 

compared to common causes of 

death today                                   

(adapted from O’Neill 2016)
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Background



Wastewater-Based Epidemiology (WBE)
(O’Brien et al., 2020)
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Wastewater-Based Epidemiology (WBE)



Association between particulate matter (PM)2·5 air pollution 
and clinical antibiotic resistance: a global analysis
Zhou, Zhenchao et al.
The Lancet Planetary Health, Volume 7, Issue 8, e649 - e65
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Metagenomic profiling of wastewater from major 
Australian cities reveals the resistome, host range, and 
mobilization potential of antibiotic resistance genes.
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• Develop a national metagenomic surveillance framework for WWTP influent, including pipelines 

to profile the resistome, link ARGs to hosts, and assess mobility (MGEs/plasmids/integrons).

• Apply this framework to map spatial patterns of ARG abundance, diversity, host range, and 

mobilization potential across Australian cities and WWTPs.
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Antimicrobial Reconnaissance in Australian Wastewater and their Socioeconomic Correlates

Wastewater  sampling strategy:

• 29 sites

• 2019 and 2022 samples

• ~50% of the Australian population

• Raw Wastewater sampled on Census Day
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macrolide–lincosamide–streptogramin (MLS)



Also, in our risk 1 bacteria list 



PCA and correlation analysis showing associations between socioeconomic 
indicators and ARG abundance across Australian wastewater samples (2019–2022).



• Same-site, multi-year 
sampling across 
pre/during/post flood

• Paired water & soil 
metagenomes to track 
ARG dynamics

Longitudinal Flood Study: Water–Soil ARG Dynamics 
at One Site
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Relative abundance of pathogens among all microorganisms.
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Flooded Soil

Non-Flooded Soil

Flood Reshapes Host–ARG Correspondence in Soils
Shifted pathogen and shifted ARG classes in flooded cores



A: Correspondence Between Microorganisms Carrying ARGs and ARGs in Flood-Affected Soil Samples.
B: Correspondence Between Microorganisms Carrying ARGs and ARGs in Non-Flooded Soil Samples 

Flood Reshapes Host–ARG Correspondence in Soils
Shifted pathogen and shifted ARG classes in flooded cores



Custom Air Sampler for WWTP Bioaerosols Monitoring Airborne Pathogens 
and ARGs

• Design and validate a low-cost active air sampler for WWTP bioaerosols, quantifying LOD, recovery, and 
repeatability for airborne pathogens and ARGs, and benchmarking signals against co-sampled 
wastewater resistomes and mobility markers (MGEs/plasmids/integrons).

• Deploy the sampler across WWTP operational zones to resolve spatial gradients and temporal dynamics, 
linking airborne ARG abundance, diversity, host range, and mobilization potential to influent/effluent 
profiles and inferring transmission pathways.
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Development of a Self-Designed Air Sampler
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Approximately 0.46 m/s and a volumetric flow of 0.8 L/s.
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Applications in Wastewater Treatment Plants
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Eff water Air above waterAir around biosolids



Thanks for your 
attention ! 

All staff and students from QAEHS

SCIEX: for the use of the 7500 

Samples: WWTP operators 

Queensland Health

UQ Ph.D. scholarship

QAEHS Top-up scholarship

Health & Environment 2025

ACKNOWLEDGEMENT



23Antimicrobial action and resistance mechanisms 
(Uluseker et al., 2021)

Antimicrobial action Antimicrobial resistance

Background



Selective pressure accelerates the evolution and spread of Antimicrobial 
Resistance (AMR) 
(Nguyen et al., 2021)

AMR evolved rapidly (Clatworthy et al., 2007)
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Background



Wastewater-Based Epidemiology 
(WBE)
(O’Brien et al., 2020)

Adapted from Nguyen et al., 2021

Influent

AMR discharged to surface water
(Adapted from Makowska et al., 2021)
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WWTPs

Wastewater-Based Epidemiology (WBE)
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• 全球AMR负担（WHO预测2030或2050年死亡率）

• One Health框架（人-动物-环境）

• 水与空气在传播中的关键作用

• **视觉建议：**用一个三圆图（One Health）或WHO统计图。
**讲解时间：**约1分钟。

Background: Antimicrobial Resistance and One Health
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• 背景

• 全国初筛

• 然后一张图显示我们的不同支线

• 然后延伸到空气

• 然后介绍采样器

• 然后我们的workflow

• 然后我们的研究亮点

Background: Antimicrobial Resistance and One Health
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• Custom Air Sampler for WWTP Bioaerosols
Monitoring Airborne Pathogens and ARGs

Background: Antimicrobial Resistance and One Health
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