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(Illicit) drug use
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1. Environmental surveillance

REVIEW ARTICLE
Role of environmental poliovirus surveillance in global
polio eradication and beyond

Poliovirus
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of Hepatitis A Virus and Norovirus Outbreaks

* early warning outbreaks
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* virus genotypes circulating in population
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Monitoring human enteric viruses in wastewater and  Like [
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one-year experiment in central France, 2014 to 2015
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1. Environmental surveillance

Polio virus

Ad hoc or research only

. Brazil

Indonesia
. Malaysia
. Senegal

. South Africa

Figure 1. Countries that have undertaken environmental surveillance or sampling projects for polioviruses. Data are from the Global Polio Eradication

Initiative.
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Polio Environmental Surveillance

egional Priorities for adding systematic sites
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2. (Illicit) drug use

* First implementation in 2005, monitoring
cocaine use in Milan, Italy

* Number of studies increased substantially
ever since

* EU and Australia main drivers

* Cocaine, amphetamine, MDMA,
methamphetamine, cannabis and “novel
psychoactive substances” (NPS)

* Extensions to (counterfeit)
pharmaceuticals

KWR
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2. (Illicit) drug use

* Creation of the Sewage Analysis CORe group Europe (SCORE) network
* Yearly monitoring campaign and interlaboratory exercises

* Endorsement by the European Monitoring Centre for Drugs and Drug
Addiction (EMCDDA)

* WABE as indicator for drug use surveillance

R | .
scere =

Sewage Analysis CORe group Europe

Data Countries Topics (A-2) Our activities Best practice Publications Events News About

Wastewater-ba

ology and drugs topic page

‘l '\A edi:

Sewage Analysis CORe B Nows e
group Europe (SCORE) AL 1

Overview
Analysing communal wastewaters for drugs and their metabolic products in order to

SCORE will develop and expand an existing pan-European estimate their consumption in the community is a developing field, involving scientists

inter-disciplinary network, bringing together experts from working in different research areas, including analytical chemistry, physiology and

e eresecln el cationlore biochemistry, sewage engineering, spatial epidemiology and statistics, and
conventional drug epidemiology. On this page you can find links to various EMCDDA

outputs on this topic as well as links to external resources.

development of using the quantitative measurement of
human biomarkers in sewage to evaluate lifestyle, health

and exposure at the community level.

Wastewater monitoring data 2011-2019 now available

-
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3. Population dynamics

* Size of the population contributing to (highly)
variable

*  Commuters
* Holidays
* Public events
* Interpretation of observed trends?

* Increased consumption (drugs) or
prevalence (pathogen/disease) or

* |ncrease in absolute number of
inhabitants
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Thomas et al. 2017
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3. Population dynamics

* Anthropogenic markers
*  Mobile phone data ($)
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O’Brien et al. 2014
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4. Environmental contaminants

Link with the concept of Exposome

Clinical/cohort studies monitor human exposure to
environmental contaminants
* Exposure biomarkers (e.g. urinary metabolites)
* Used to establish causality:

exposure € - health endpoint
* Limited in size, space and time

10

EXPOSURE ~ EFFECTS
(biomarkers of exposure) (biomarkers of effec}s) :
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Wastewater 3/\/* pol ! ‘,M
Biomarkers of exposure & effects

PUBLIC HEALTH ASSESSMENT

Kasprzyk-Hordern et al. 2021



o

4. Environmental contaminants

* Pesticides

*  Mycotoxins

* Phthalates

* Flame retardants

WHERE FLAME RETARDANTS ARE FOUND

In the plastic casing
of some electronics

In upholstered furniture

containing polyurethane foam —
In homa Insulation manufacturers add it to meet

flammability standards enacted by

California but followed nationwide

In dust — children are
exposed to higher doses of
flame retardants than adults
because they spend more
time on the floor and put

}'S% things in their mouths

& \' == Insome baby products

6 containing polyurethane

foam, including highchairs
2 :::I tc:::ce;c Ea(jdg?rﬁ made and diaper-changing pads

SOURCES: EPA, Tribune reporting KATIE NIELAND/TRIBUNE
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5. Antibiotic resistance

* Monitoring antibiotics and AMR emissions and HGT
in WWTP

* Focus on emissions to the environment and further
selective pressure

* Inversed perspective: use WWTP to monitor
community-wide AMR burden

*  Monitor ARGs and/or sequencing

* Measure antibiotics/antimicrobials (e.g.
(over)prescription)

12

Complementary

systems
Sewage-based
surveillance using
metagenomics is flexible,
scalable, and easy to
quickly implement

and standardize, while
complementing clinical,
isolate-based surveillance.

Proposed

Sewage samples
are tested by DNA
purification.

Sequence data

contain information
on all known types

of resistance.

Bioinformatics
analysis extracts

resistance information.

.

Community population
Hundreds of thousands mostly
healthy people (but also includes
patients in the health care system)

W
Hospital or clinical patients

Hundreds to thousands of people
within the health care system

Current

Samples from
patients are tested
by bacterial isolation
and culture.

Resistance to only
a few antibiotics
is tested.

Results are
manually
recorded.

J

v

National and international reporting

\ W
®

Aarestrup et al. 2020



N\

5. Antibiotic resistance

13

Metagenomic analysis
AMR genes
Link with other socio-economical
covariates
Antibiotic use
Sanitation
Health
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Hendriksen et al.
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. Fosfomycin
Mac/Oxa/Phen

- Macrolide

[l Nitroimidazole

. Oxa/Phen

- Phenicol

. Quinolone
Rifampicin
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Tetracycline
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6. Health biomarkers
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The holy grail of WBE

Measure biomarkers diagnostic about
community-wide disease

Mobile phone
s ‘ Exogenous

Endogenous

prevalence/incidence

Endogenous biomarkers | Newpbosive |
| N\
Metabolites .

Proteins

Indirect (e.g. flow)
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6. Health biomarkers

KWR
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Choi et al. 2019
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6. Health biomarkers

Cluster 1 Cluster 2

* First steps in the field of -1 _ 1 Human proteins
w . o Hum::r:tli':;ems Pancreatic enzymes
wasteomics = | Uromodulin
. & o ] Oryza Antimicrobial proteins
* Use of polymeric probes to analyse Prolamin Immune response
. _ g J Bacterial proteins Glutelin
690 bacterial, plant and animal ' GroEL . .
-J ATP synthase Bacterial proteins
: ' - reductases
proteins , I | f 1 |
* |dentified 57 human proteins
Cluster 3 Cluster 4
- S100A8 _
_ Uromodulin A - Human Proteins
w | Bacterial proteins ) N Keratins
- defensins o ribosomal proteins -
o EF-Tu ]
- actin
“o"- _ _
l | I 1 [ I 1
Influent Anoxic tank Effluent Influent Anoxic tank Effluent

16
Carrascal et al. 2020
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7. Future

17

Additional (fundamental) research needed in many areas

Need for collaboration and harmonization

Stronger links with clinical studies

How do we translate/interpret wastewater data

Involvement of health authorities and stakeholders

But the future is bright

KWR
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