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Background

Europe

» EU: ARE costs soclety ~ €1.5 bn/y
& 600 million days of lost

productivity. ™
# Russia: ARE a major concem™ with
83.6% of families Imprudentty use
. antiblotics at home®
North America
+ USA: ARE causes malority of Middle East
00,000 deaths/yr from Infactions & North Africa

acquired in hospitals,™®
*# Health care costs of ARE ara
US$21-34 by,

South America

* Peru, Bolivia: =51 % of hospital
infections caused by ARB.*

» Brazil: Rates of ARE ara up >60% %

# Egypt: 38% of blood infections
contracted by woung cancer patlents
are from ARB.®

» Israel: ARE found fatal in ~ 50%
cases when resistant to our strongest
antiblotics.®

Sub-Saharan Africa

* Tanzania: Death rate of AREB Infected
children are double that of malarla.®

+ Nigeria: Bapld spread of ARE that
came to Africa from Asla.®

Antarctica

Asia

= Thailand: =140,000 ARE
infections/yr and =30,000/yr
patients die; 83.6% In productivity
losseayr P

+ Japan: Extensive levels of ARE found

in Tokyo's urban watershed.™

# China: BExtrame over-prescription of
antiblotics™ and rapid growth rate of
ARE.E

+ [ndia: Within 4 years (02-08) ARE
went from being resistant to 7, to 21
drugs =

+ Vietnam: Farming practices
contributing to spread of ARE
through emdronmental
contamination.®

» Pakistan: 719 of infections in
newborns are from ARB.*

« ARE found Im Antarctic animals &
water samples.®
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Cost, impact, and burden of
antimicrobial resistance
bacteria

(Guo etal., 2017)



Background

AMR in 2050 AMR now
10,000,000 270,000
Tetanus

60,000
- Road traffic accident
1,200,000

[:hg.[era/ \Measles

100,000-120,000 130,000

Cancer
10,000,000

Diabetes Diarrhoeal disease

1,500,000 1,400,000
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Predicted mortality from AMR
compared to common causes of

death today
(adapted from O’Neill 2016)



Wastewater-Based Epidemiology (WBE) ) Sy

AUSTRALIA

Metabolised g githemicatRapasdre
Excreted s (e.@.ansirsteso kish comptiontion)

TASA

Chemical
analysis

Community-wide facilities
e.g. shopping malls/
hotels/events/ Community

offices/ CATCHMENT \ services

industry e.g.
POPULATION :
hospitals/ CONC x DAILY FLOW
universities/ (calculated)
prisons (concentration from chemical

analysis, daily flow from WWTP flow
: meter)
Intensive animal husbandry

2 . ‘ Sample
e.: feea:drl);:scessmg : Autosampler at Collected storage
Flowmeter at WWTP sample Wastewater-Based Epidemiology (WBE)
WWTP inlet inlet (O’Brien etal., 2020)
Wastewater -
treatment plant

(WWTP)
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Association between particulate matter (PM)2-5 air pollution
and clinical antibiotic resistance: aglobal analysis

Zhou, Zhenchao et al.

The Lancet Planetary Health, Volume 7, Issue 8, €649 - e65




Workflow: Sampling » Analysis —» Outputs

4 N\ N N\
Sampling Processing Analyses Bioinformatics
* Water: influent, effluent, * Concentrate / filter - DNA or * Shotgun metagenomics * ARGs * Hosts * Mobility
rivers N Lol * APCR panels (ARG targets) |y (MGEs/plasmids/integrons)
* Air: headworks, aeration, * Field & travel blanks * Link ARG<host; evidence
* Record metadata across W-A-5
| © Soil: banks, sediments, ) L ) L ) L Statistics and QC

-
Outputs

® ARG abundance
® ARG diversity
® Resistance classes

® Pathogen taxa

\.

® Hosts (host profiling)

® Mobility risk assessment (MGEs/plasmids/integrons)

® Homology analysis




Metagenomic profiling of wastewater from major
Australian cities reveals the resistome, host range, and
mobilization potential of antibiotic resistance genes.

* 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.



Antimicrobial Reconnaissance in Australian Wastewater and their Socioeconomic Correlates THE UNIVERSITY
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Wastewater sampling strategy:

e 29sites o

e 2019 and 2022 samples

* ~50% of the Australian population o

* Raw Wastewater sampled on Census Day



Relative Abundance
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Class

B Actinomycetes
B Aiteromonadales
Bacilli
Bacteroidota
Burkholderiales
Campylobacterales
Caudoviricetes
Clostridia
Cyanobacteriota
Enterobacterales
Halobacteria
Hyphomicrobiales
Moraxellales
Neisseriales
Oceanospirillales
Pseudomonadales
Rhodobacterales
Rhodospirillales
Sphingomonadales
Vibrionales

B Xanthomonadales
I Others
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Aminoglycoside
Bacitracin
Beta_lactam
Bleomycin
Chloramphenicol
Defensin
Florfenicol
Fosfomycin
MLS '

Multidrug
Mupirocin
Novobiocin
Other_peptide
Pleuromutilin_tiamulin
Polymyxin
Puromycin
Quinolone
Rifamycin
Streptothricin
Sulfonamide
Tetracycline
Trimethoprim

Vancomycin
NS R 904 28 MLENEEMLBSON 4 B B 604 D ONENEEA DD
i 2019 1L 2022 '
Sites

macrolide-lincosamide—streptogramin (MLS)



Table A2.1 lists resistant pathogens by level.

Also, In our risk 1 bacteria list
Table A2.1. Resistant pathogens by level of resistance

Low-medium Medium Medium-high
(5-10%) (11-20%) (21-30%)
FQR nontyphoidal FQR Shigella spp. 3GCR E. coli CRE. coli CR K. preumoniae

Salmonella

FQR N. gonorrhoege AGCR Morganella spp. |FQR Salmonella Typhi | 3GCR K. preumoniae CR A. baumannii

AGCR N. gonorrhoeae Pen-R Group B 3GCR Enterobacter VR E. faecium CR P. geruginosa
Streptococci spp.

Macro-R Group A 3GCR Citrobacter spp. | MR 5. aureus CR Enterobacter spp.
Streptococci

3GCR Proteus spp.

3GCR Serratia spp.

Macro-R
S. pheumonige

Ampi-R H. influenzae

FQR, fluoroquinclone-resistant; 3GCR, third-generation cephalosporin-resistant; CR, carbapenem-resistant; Pen-R, penicillin-
resistant; VR, vancomycin-resistant; Macro-R, macrolide resistant; Ampi-R H.influenzae, ampicillin-resistant
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PCA and correlation analysis showing associations between socioeconomic
indicators and ARG abundance across Australian wastewater samples (2019-2022).
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Socioeconomic Variables

30 Common ARGs
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Longitudinal Flood Study: Water-Soil ARG Dynamics Ak
at One Site

Pre -+ During — Post
Year 1
| Y e« Same-site, multi-year
Water e s S0l sampling across
9 /’ /- \ pre/during/post flood

ARG dynamics

OO
Nep | Water 30" 30" r.> e Paired water & soil
metagenomes to track

Analyses ’
1 —b \ — ;Ié —> ra Insights
Host Homology Homology ARGs
profiling (MGEs/contigs)



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

Relative abundance of pathogens among all microorganisms.
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Flood Reshapes Host-ARG Correspondence in Soils
Shifted pathogen and shifted ARG classes in flooded cores

A B

@ Glycopeptide
@ Glycopeptide © Sulfonamide
{ Sulfonamide @ pactam
@® p-lactam @ Tetracycline P &
@) Tetracycline @ Multidrug °
@ Multidrug @ Fluoroquinolone

@ Ddisinfecting agents

@ Aminoglycoside antibiotic
@ Rifamycin antibiotic

@ Peptide antibiotic

@ Macrolide

@ Fluoroquinolone

@ Ddisinfecting agents

@ Aminoglycoside antibiotic
@ Rifamycin antibiotic

@ Peptide antibiotic

@® Macrolide

000 0o
@

) :
e %eco0e °o% e
A: Correspondence Between*’licroorganisms Carrying ARGs and ARGs in Flood -Affected Soil S#nples.
B: Correspondence Between Microorganisms Carrying ARGs and ARGs in Non-Flooded Soil Samples
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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.



Development of a Self-Desighed Air Sampler




Approximately 0.46 m/s and a volumetric flow of 0.8 L/s.
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Applications in Wastewater Treatment Plants

Water

( ( ( GFalr; BOair; PVair Water; Waterair
3 =
—
—
o000 l(n’;low Primary Blosolids Secondary Effluent
i oz Settling Troatment Settling Discharge
@‘ sewage)
~L_ — = Sludge is thickened, dewatered, Treated water is discharged
‘-,'—\ and sanitized into biosolids into natural bodies of water
‘ Customair Commercial ARGs and
sampler sampler pathogens

Effluent  Sludge
rocessing

outlet P
unit
Air
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Relative abundance of different types of resistance gene categories
(based on reads)

3

Reads Per Kilobase of transcript per Million mapped reads (rpkm)

OSNNERRERRERT NN

Quantity of Various MGEs in Different Samples

Number of Types Total number
BOair 3475 W Transposase gene
B Integrons
PVair 1734 m Plasmid
B Insertion Sequence

GFair 3116 W st
Aminogly coside B Integrase
Beta_lactam
Chloramphenicol ter sample 3910
Fosfomyci
Md;;’ugu Water air 1772
Rifamycin
w a I || 1 1 |} 1
Quinolone 0 20 40 60 80 100
Tetracycline
Other_peptide_antibiotics
Streptothricin
Sulfonamide ; >
SRR Water air GFair Water
Vancomycin
Macrolide-lincosami . Level 4

tet(A/C/K)
@ Level2

gacE
TEM-116
qaclL
salE
OXA-21
InuA

@ Levelt




o200 0000 0

Glycopeptide
Sulfonamide

B-lactam

Tetracycline

Multidrug
Fluoroquinolone
Ddisinfecting agents
Aminoglycoside antibiotic
Rifamycin antibiotic
Peptide antibiotic
Macrolide

® Glycopeptide
“  Sulfonamide

Eff water

® B-lactam

@ Tetracycline

® Multidrug

® Fluoroguinolone

® Ddisinfecting agents

@® Aminoglycoside antibiotic
@ Rifamycin antibiotic

® Peptide antibiotic

@® Macrolide

Air around biosolids

Air above water
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Background

Cell wall synthesis

Antimicrobial action Antimicrobial resistance

AA —— S

Var ’
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B—l Antimicrobial action Antimicrobial resistance
Bac
) Efflux pumps
Cell wal! synthesis Tetracycline
::/an::mycur! Aminoglycosides
u ephlosporins
Protein Syt B-lactams
B-lactams £l i
Aminoglycosi o B
ChloramPhen Protein synthesis
Tetracyclme Aminoglycosides Inactivation of
H H Chl icol
Linezolid Tet:::ﬁ::mco antibiotic substance
Linezolid Macrolides
- E p-lactams
Nucleic aci Nicleic acid Aminoglycosides
synthesis synthesis
3 a Rifampin
leampln :;e"olnldazole e
. uinolones Target by-pass
Me.tron'daZOh Fluoroquinolones Van:‘omyciz g
Quinolones Trimethoprim
i Tetracycline
Fluoroquinolc Antimetabolites Sulfonamide
Trimethoprim
Dapsone
Sulfonamide cell b T dif
- ell membrane arget modification
A nt imeit Polymyxin Vancomycin
Trimetho E Daptomycin Aminoglycosides
Fluoroquinolones
Dapsone penicilin
Sulfonami 2 i . . .
Antimicrobial action and resistance mechanisms 4

(Uluseker et al., 2021)

LA ARED Fatll

Daptomycin

AALEAS A EES TR

Aminoglycosides
Fluoroquinolones
Penicilin

Antimicrobial action and resistance mechanisms

(Uluseker et al., 2021)
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Efflux pumps
Tetracycline
Aminoglycosides
B—lactams
Fluoroquinolones

Inactivation of

antibiotic substance
Macrolides

B—lactams
Aminoglycosides

Target by-pass
Vancomycin
Trimethoprim
Tetracycline
Sulfonamide
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Background

Antibiotic deployment

Tetracycline

Horizontal gene transfer Chloramphenicol Vancomycin

Streptomycin
Trunsduumn

Ampicillin

Antibiotics Sulfonamides Erythromycin Cephalosporins

Nw<zii]’rw |

Antimicrobial agents

MetM
b

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

Daptomycin

Linezolid

1985 1990 1995 2000 2005

C Onjuglllo 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980
Nanoparticles O ) | /l |
Sulfonamides i icilli

Transformation
Heavy metals (low dose) ™ P ' I

O |
Disinfectant (low dose) Q ’Q Tetracycline
Antibiotic resistance observed

Increased oxygen level

Selective pressure accelerates the evolution and spread of Antimicrobial

Resistance (AMR)
(Nguyen et al., 2021)

Penicillin ~ Streptomycin

Chloramphenicol Ampicillin

Methicillin
Cephalosporins

AMR evolved rapidly (clatworthy et al., 2007)

Vancomycin Linezolid

Erythromycin |
Daptomycin
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Wastewater-Based Epidemiology (WBE) 0 S

AAAAAAAAA

WWTPs

PP ARBs + ARGs
N . L 4 WWTP increases
. :
K, e e e

Natural
Wastewater treatment Effluent environment

Influent

Adapted from Nguyen et al., 2021

Wastewater-Based Epidemiology = AMR discharged to surface water
(WBE) (Adapted from Makowska et al., 2021)

(O’Brien et al., 2020)
25



26



Background: Antimicrobial Resistance and One Health
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Background: Antimicrobial Resistance and One Health
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Background: Antimicrobial Resistance and One Health

* Custom Air Sampler for WWTP Bioaerosols
Monitoring Airborne Pathogens and ARGs
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