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Major role of the environment...

Hippocrates wrote in his treatise
"Airs, waters, places": "To deepen
medicine, we must first consider the
seasons, know the quality of water,

winds, study the various conditions of
the soil and the way of life of the

inhabitants "

Hippocrates, 400 BC

REG Lisbon 2023
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Risk factors for exposures that contribute to \/

chronic-disease mortality
Rappaport et al., EHP, 2014

Lim et al., Lancet 2012; Rappaport & Smith, Science 2010

Environment more
important than genetics

(explains 70-90% of
diseases).

Known exposures are few
(air pollution, smoking,
nutrition, alcohol, lead...)



Allergy and Asthma Pandemic

(Similar in many autoimmune diseases)

2016 Medall
»55% allergen

Aberg et al. sensitization
John Bostock published Swedish army 43% in Europe
1819 the first case 1971 198;1
Charles Blackley 4.4% 8.4% USA
1873 the first 26% After 2000s

28 cases of hayfever / hay asthma

Food allergy

11

EoE
Drug
_ hypersensitivity
1819 1900 1960 2010
lore than 350'000 new Swiss army  Swiss army Swi;s ;r'my
substances have been 1% 1-2% 0

Courtesy
Cezmi Adkis



Key facts

the 1960s
More than 350000 new (ex
novo) man-made substances
have been produced 2>
NEW EMERGENT
POLLUTANTS

New environmental

ditions and lifest

The Allergy and Asthma Pandemic

(Similar in many autoimmune diseases)

l l 2016 Medall
»55% allergen

s Aberg et al. U sensitization
John Bostock published Swedish army 43% in Europe
1819 the first case 1971 1981
Charles Blackley 4.4%  8.4% USA Since 2000
1873 the first 26% After 2000s - A new wave of chronic

28 cases of hayfever / hay asthma

Food allergy inflammatory diseases, not
EoE only allergies but respiratory,
E"'“Q metabolic, auto-immune
ypersensitivity disease grew into pandemic
1819 =
1900 1960 2010 size = 2 billion patients
lore than 350'000 new Swiss army  Swiss army Swiss army

1% 20% - Elevated socioeconomic

burden

substances have been 1-2%

Chronic non-communicable diseases patients: 20-30 Million patients



Plastic (MP/d) in USA
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AIR POLLUTION IS NOT AN ISOLATED FACTOR

m.kuf\

Chemical air

"""" o trrf* (\ Outdoor air poIIutlon \ H p0||uti0n (Old, new,
Heat-waves & W|Idf|res —— i emergent)
poIIutlon, smoking
“, M w\, —— * Biocontaminants
lastic, PFAS,
Climate Change \ (plastie, (allergens, pollen,
Thunderstorms & floods /( \ y ’ mold S, Virus
(COVID-19...)
% Biocontaminants: .
Bx £l ‘ S * Outdoors/indoors

i fungi
CoIdspeIIs

e Alone orin
combination

[ Genetic/Epigenetic Alterations )

Health effects
BIGEPI FINAL MEETING
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C  Internal exposome

C  External exposome It cﬂmpn
(specific and " processe:
?;enns:rgtlz)lflc) metabolis Chris Wild
= external ex| - agents, chemical

= social, econo ological influences.

Wiad, . P.{2012). The exposome: from conocspt 1o ullity. Distinetly Innovatis
infemnatanal foumal of Epidemiolagy. 4171, 24-32. T ———

BIGEPI FINAL MEETING
Wild CP. Int J Epidemiol. 2012 Feb;41(1):24-32



The Complexities of environmental exposure

Stressor: S
. Physical, Chemical, Biological, Psycho-social & ] . e
O LEAD: Homo sapiens connectis-
- ‘“-.
| Individuals are Source: e _Leonardo da Vinci
exposed to |ead Air, Water, Soil, Food, Consumer Products, Drugs t’%\:‘ -‘F {
through air, water, | (! ;; — _..--"'_',‘__..s !
: Place: h;w-r— = e -"r-_-.|..-|:1--_
SOIIZ at home’ Work’ Home, School, Work, Neighborhood, transports, i J‘.l‘—-.-—'—'—--l-'ir ﬁl‘ III
dunng Community, City, State, Region =
transportation, in e ; il .
early Ilfe’ I_ater Fetal, Child, Adolescent, Young Adult,
Through different Adult, Older-adults, Elderly
netration r .
pe_ etration route Route of Contact:
ThlS can target Topical (Skin), Inhalation (Lungs), Ingestion (Diet or
different organs___ thers), Injection (Intravenous, Intramuscular, subutaneous,
and uses different intravenous), social patterns
athways.
P yS Organ distribution:
Lungs, Neuro, Skin, GI, other organs

Targets:

Biological pathways

Health consequences of this
complexity has to be taken into
account to explain diseasses




Thorax 1994;49:171-174 171

Hypothesis

Increase in asthma: a more toxic environment or
a more susceptible population?

Anthony Seaton, David J Godden, Katrina Brown

N (G Lisbon 2023



Asthma exposome increase due to climate change

Tl HH (\ f\m‘h f\ () More
A EH susceptible/

Heat-waves & W|Idf|res

Indoor air

@ pollution, smoking vu I nera b I e

o d N (ot pre individuals
2% Climate Change ‘ (pIaSte'f;_PFAs'

3
]

Lifestyle . .
é in utero life
- Toddlers

Thunderstorms & floods

Allergens, pollen,
molds

I&

d *

* * %k *81 Biocontaminants:
- Viruses, bacteria, .
fungi - Children
- Patients
[ Genetic/Epigenetic Alterations ) - teen

Health effects
BIGEPI FINAL MEETING
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The double penélty

Children particulalry at risk

REG Lisbon 2023

Low socio-economic
status (SES) impinges
on respiratory health
through greater
exposure to air
pollution, occupational
agents, diet, housing
conditions, impaired
health access.

Unesco 2022
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Household income, fetal size and birth weight: an
analysis of eight populations

Steve Tumer @ ,' Anke G Posthumus, ™ Eric A P Steegers,* Amel AlMakoshi,"*
Bahauddin Sallout,* Sheryl L Rifas-Shiman,? Emily Oken,® Ben Kumwenda © '
Fatemah Alostad,' Catherine Wri?hl-Cnvkev,‘ Laura Watson,' Diane Mak,'

Hiu Ching Cheung,' Alice Judge‘ Loma Aucott,” Vincent WV Jaddoe, **

Isabella Annesi Maesano @ ,* Munawar Hussain Soomro,” Peter Hindmarsh, '
Geir Jacobsen, " Torstein Vik,'" Isolina Riafio-Galan,*"*"

Ana Cristina Rodriguez-Dehli'*'>'® Aitana Lertxundi, ' """

Loreto Santa Marina Rodriguez, "*""'® Martine Vrijheid,"*>' Jordi Julvez, 252
Ana Esplugues,'*** Carmen liiguez'* %

Original research

IJCH 2022)

WHAT THIS STUDY-ADDS

=

=

Highest income Lowestincome Mean Difference Mean Dilference

Study or Subgroup Mean SD Tolal Mean SD Total Weight IV, Fixed, 85% CI IV, Fixed, 95% CI

EDEN 0176 2155 M1 0 00001 304 90% 0171012 047) S =

Genaration R D161 3102 2597 0 00001 486 A32%  015(003,0.27) Second -

IMMA 0144 1933 215 0 00001 280 108% 0.t 012, 0.11) -

London 0106 215 205 0 00001 154 27% -0.010040,008] trimester —T—

ProjectViva 0036 4013 793 0 0.0001 665 97% 0.04}0.24 0233 . o
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Total (95% C1) 4425 1444 1000% 0.11[0.02,0.19] *

Heterogeneily: Chi= 4.08, di= 7 (P=0.77), F= 0% t + s t )

Testfor overall efect Z= 2.38.(P = 0.02) Highestincome smaller Lowest income smaller
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EDEN 0151 2147 200 0 000001 290 80% 0.15+0.15 045 Third I
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Londen 0444 2132 165 0 000001 117 67% 044[0.12.0.77] trimester

Saul 0805 2127 & 0 000001 22 21% 0&1:008.1081  head size i

Scano SGA 0113 3562 9 0 000007 109 0% 011F221,244)] +
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Highest income Lowestincome Mean Difference Mean Difference
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Helerogeneity. G = 5.07, 4= 3 (P=0.54), F=0% 1) 4 i 4

Testfor overall efect. Z= 2.94 (P = 0.003)

Highestincome smaller
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Across eight different populations, we report an
association between lower household income
(HI) and reduced anthropometric measurements
from the second trimester onwards.

The association was seen most clearly for fetal
and neonatal head size, and was also present
for weight but not length.

The magnitude of the association became
greater as pregnancy progresses.
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HEALS The connectivity approach

Embracing complexity to seek simple solutions to EH problems

Environmental Remote
sensors sensing
m % Exposure
d modelling i o 8 o
x5 I = IAM

‘ = e

- R - AT

e - g =

= I e >

> i e -

T - - T -

- | - e

o —_— - - - o - i
Environmental * - B - Systems Effects / Community

= modeling / data T <o Individual exposome Effects / Cohorts
st management 4 4
ST : e ®
Environmental ) = Q k
analysis ¥ \ /‘/

T') Epigenetics
) , Cellular/tissue
Human .

biosampling

) 2 - , ) Molecular
Vo~ Aadd o plellles initiating events
V. 7 : = e
Agent based . U - P ;
modelling L 0 . = !
Ubiquitous E._'_‘ » o www.heals-eu.eu

Metabolomics

effects

- personal sensors :
Environmental Fluxomics
(dynamic flux : '
data balance analysis) =. ; > —  » W = e
Biological data ..ccrptomics  Bioinformatics/ Pathway

systems biology analysis
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Evidence levels of air pollution exposure assessment

Observations +
Global/semi-individual:

Modeling
* Satellites
* Dispersion models
* Monitoring stations
* insitu (ad hoc devices)
Individual: Objectives
S ive samplers — measures
Precision in Qrs (remote with GPS) @““,';;"’
exposure 3 |

E

Fgose:
* Exposure biomarkers (breath)
* Human bio-Monitoring
*  Omics (metabolomics, etc.)

%

)  DATA FUSION IN
VIEW OF
CUMULATIVE
EXPOSURE
ASSESSMENT )

Subjective measures
Surveys: Questionnaires, Interview, Daily
activity patterns

Annesi-Maesano et al. Springer 2021

BIGEPI FINAL MEETING



ECOLOGICAL ASSESSMENT OF EXPOSOME

Un sistema di gestione dei dati
ambientali per la valutazione
dell'esposoma esterno in dieci citta
europee

llaria Stanisci!, Sofia Tagliaferro! Sara Maio!, Federico
Pironal, Giuseppe Sarno!, Michael Kabesch?, Marianthi
Kermenidou, Nafsika Papaioannou, Reena Perchard, Igor
Prpic, Kinga Polanska, Joanna Jerzynska, Elisabete
Ramos, Joaquim Rovira, Jordina Belmonte Soler, Denis
Sarigiannis, Janja Snoj Tratnik, Zdravko Spiric, Jacqueline
Zickella, Salvatore Fasola, Stefania La Grutta, Velia
Malizia, Laura Montalbano, Sandra Baldaccil, Isabella
Annesi-Maesano per i gruppi di studio EarlyFOOD e
HEALS.

BIGEPI FINAL MEETING

Risultati: Attraverso I'EDMS sono emerse differenze
negli aspetti demografici e ambientali tra le citta
partecipanti ai due progetti. Reus risulta avere la piu
alta aspettativa di vita nelle donne, e Palermo negli
uomini. Regno Unito presenta il tasso piu elevato di
obesita. Croazia e Polonia hanno il maggior consumo
di farmaci (prescritti e non prescritti, rispettivamente),
mentre Grecia e Portogallo hanno valori piu elevati di
fumatori (%) e consumo giornaliero di alcool,
rispettivamente. Le citta piu inquinate da PM, NO,, e
O; sono Lodz, Porto e Fiume, rispettivamente.
Salonicco, invece, € la citta piu urbanizzata. |
qguantitativi cumulati piu alti di pollini risultano a
Fiume. | livelli di rumore giornalieri e notturni piu alti
sono stati registrati a Reus (traffico) e a Ratisbona
(ferrovia). Nelle acque potabili sono risultati valori
elevati di Arsenico, Cromo, e Piombo rispettivamente a
Salonicco, Porto, Parigi. Il paese con i piu alti valori di
residui di pesticidi negli alimenti e risultato essere il
Portogallo.



INDIVIDUAL ASSESSMENT OF EXPOSOME

Questionnaires
Residential, -
occupational, =
smoking history,gi\
etc. :

GIS-based environmental model
Air pollution

Green space | ‘EI_

Noise, etc. B el
Based on e e 3
individual et :
address el "

Pictures

Cosmetic use a
Food
Cleaning products,

w1

1234

Mobile devices
Smartphone
Accelerometre
Environmental sensor, etc.

Siroux et al., ERR 2016

Integrated tools and
technologies for

exposome
assessment

Biomarkers in different
tissues

: 4
Urine
Blood (j
Exhaled breath B
condensate, etc. L |

Epigenomics
Transcriptomics
Proteomics ;

Metabolomics, etc. [ i

High-throughput ‘omics
technologies 5
£

BIGEPI FINAL MEETING




INDIVIDUAL ASSESSMENT OF EXPOSOME: AIR POLLUTION

31/03/2023

BIGEPI FINAL MEETING

Individual assessments in
real-time of:

PM,, PM,;, PM,,
VOCs

T

Hum

Pressure

GPS

G. Pau LIP6 SU
Isabella Annesi-Maesano, EPAR
IPLESP, INSERM et SU
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Science or the lotal knvironment XXX (XXXX ) XXX

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

A methodology for the characterization of portable sensors for air quality
measure with the goal of deployment in citizen science

Baptiste Languille **, Valérie Gros ?, Nicolas Bonnaire ¢, Clément Pommier?, Cécile Honoré ™!,
Christophe Debert b Laurent Gauvin”, Salim Srairi ¢, Isabella Annesi-Maesano ¢, Basile Chaix ¢,
Karine Zeitouni

# Laboratoire des Sciences du Climat et de I'Environnement CNRS-CEA-UVSQ, IPSL, Gif-Sur-Yvette, France

b Airparif, Paris, France

€ CEREMA, Trappes-en-Yvelines, France

4EPAR, IPLESP, INSERM et Sorbonne Université, Faculté de Médecine Saint-Antoine, Paris, France

€ INSERM, Sorbonne Université, Institut Pierre Louis d’Epidémiologie et de Santé Publique IPLESP, Nemesis team, Paris, France
fUniversité de Versailles Saint-Quentin, Versailles, France

ﬂ SEeNSors MoPy

Article
Academically Produced Air Pollution Sensors for Personal
Exposure Assessment: The Canarin Project

Boris Dessimond 1%*, Isabella Annesi-Maesano 2, Jean-Louis Pepin 3, Salim Srairi ¢+ and Giovanni Pau !

I Computer Science Laboratory, University of Pierre et Marie Curie, LIP6, NPA Team, 4 Place Jussieu,
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GEOLOCALISATION OF INDIVIDUAL EXPOSURE

S e T L
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Environment-Wide Association Studies (EnvWAS) in asthma in HEALS twins

(lifetime exposure) (HEALS)

-log(p-value)

mxdbrstfeed | indovul
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®
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*522 /36 / 37 significant interactions (raw p-value / Bonferroni / FDR)

*Significant interactions with correction for multiple hypotheses testing included:
benzene derivatives, acyclic carbon derivatives, metals and life habits
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Interactions among factors and asthma. EGEA Study

>1 road (100m buffer)

Distance to nearest

./ green space
v
2
Distance to nearest
blue space Building density (100m buffer)
Mean max annual
temperature Summer Building density (300m buffer)
o j Humidity
= P e e A A & e T i i Gk el
g Born in a rural municipality
E)? 1 1 Wind = 2m/s e \. Population density
[ -______—. .
____-—-—-—.
=1 cycle path (100m buffer) ~~ Dis .
Jistance to nearest road
L
e
Mean annual temperature // \ AHEI
Winter =1 blue space (100m buffer)
>1 green space (300m buller) 2% quintile of FDEP
0 - Passive smoking (intermediate)
-20 -10 0 10 20
Effect

Guillien et al., Env Res 2021
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Direction of the association
p Negative
¢ Positive

Family of exposures
= Season

- ToEacco
m Pets

= Occupational exposures
Cleaning products

= Rurality

= Social

= Physical activity and diet
Altitude

= Weather

= Population and building densities

» Health services
= Natlural spaces
Uitrawoiets

= Roads and cycle paths



Clustering in EGEA Study

| b
sl

7 21%
Cluster 2 (n=115)
Supervised 2
Bayesian i . -
Profile i -
Regression x i‘ k@ ‘ 9 :19%
Cluster 3 (n=454)
9  16%

20 40 60 80 100 120 140
FEV1 (% predicted)

IIIIIIIIIIIIIIIIIIIII \C)
Guillien et al., Env Res 2021
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. p Socioeconomic
Grey surface Air pollution o
deprivation
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Predictive model development for risk assessment o 1O
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CJ The promising potential of faaddadd aaa
exposome is that it will
provide the basis for AN
evidence based health comsnonvmon (( RETNEMORES
interventions: T H“‘iﬁ‘éﬁiiﬁ‘é‘éiﬁ?ﬁﬁ’

HER.APY RESPONS

\"\J
PREDICTIVE MODEL

| Both collective public health
strategies and personalized
intervention strategies

PREDICTIVE MODELER ‘ PATIENT'S DATA

T ADDITIONAL DATA;
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Modifiable exposome

Major impact

| Health-care access

Diet . :
Active and passive

smokin
Physical Activity g

Greenspaces Air pollution

Individual toxicants, Indoor and outdoor MoNS

biocontaminants Indoor allergens (pets, N
HDM, pest) Mobility PO"en

Behaviour

ivi Occupati ilt envi Community/
Individual CcCupation Built environment y

Population
level .
Infections (SARS-COV?2) level

Vitamins/ Social and mass
antioxydants media

Minor impact

Common risk factors plotted along axes to include their relevance in asthma and allergy (minor to major) and

the ability to control these factors at the individual, community and population levels through (in red)
mitigation or adaptation

REG Lisbon 2023 Impact depends on available evidence BIGEP! FINAL MEETING o



Prevention

* Developed knowledge and

technologies provide a range P PREVENTION
of opportunities for )
prevention: . e
* Several targets (patients, Nl routes g
workers...) g
 (Self) management and E-health o
solutions mﬁzmﬁ;
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WHAT CAN BE DONE?

Intervention studies

/0320 e AN RRR2022



AP, .

Scenari di prevenzione

Fig. 2. A map of the 14th district of Paris (shown in inset) with the traffic route of interest highlighted in blue. PM; measurements were taken at the location shown in red, near a large
traffic circle, Itis worth noting that there is a large highway surrounding Paris which is not shown on the map but approximately located along Blvd Brune along the south edge of the map,
less than 1 km from the monitoring site. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
BIGEPI FINAL MEETING Maesano, Sci Total Environ 2020



GRAPHICAL ABSTRACT

Mortality Reduction due to Long Term Decreases in PM10 Concentrations
Potential Traffic Improvement Scenarios in Paris, France

Acouslic Shielding - _
Speed Reductions - _

Heavy Trucks at Night Only -
Streel Ventilation -

Heavy Trucks Prohibited -
Alternate License Plates (Even/Odd/)-
Biodiesel Replacing Diesel-
Increased Traffic Flow-
Carpool Obligation -

Hybrid Vehicles Only -
Diesel Vehicles Prohibited -
Electric Vehicles Only -

Euro 5 Standard or Beller-

L}
100

o -
Lh
=

Mumber of Preventable Mortalities Per 100,000 Inhabitants Per Year
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Conclusioni

Nel caso dell'inquinamentoatmosferico, I'approccio
esposomico contribuisce a:

* Misurare l'esposizione in modo da evitare .
missclassification e considerando anche inquinanti
emergenti

* Prendere in conto le interazioni degli inquinanti con
altri fattori di rischio nell'ambito della vita reale

* Proporre et valutare le misure di prevenzione

Ma ancora pochi risultati
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