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1. Aigues residuals

Las aiglies residuals son qualsevol massa d’aigua la qualitat de la qual ha estat afectada negativament per
I’'impacte antropogenic.

Domestiques (agua residual urbana)

Industrials, comercials...

* D’Us agricola, ramader o pecuari...

O la barreja de les anteriors amb aigua escorrentia superficial / aigua de pluja




1. Aigles residuals urbanes com a mostra comunitaria

DROGUES LEGALS |
IL-LEGALS

N

é MARCADORS DE

e GRANDARIA

PRODUCTES
FARMACEUTCS |

D'HIGIENE PERSONAL

\ PRODUCTES
J ‘ qQuiMics
INDUSTRIALS

BIOLOGICS MARCADORS
(Virus, bacteris i D'ESTRES |
protozous) ALIMENTACIO

Us de virus animals

POBLACIONAL

L'analisi d'aiglies residuals s'ha
utilitzat per al monitoratge de
compostos quimics d'origen huma
com per exemple farmacs, drogues,
metalls i productes derivats de la
industria, entre altres...

LUepidemiologia basada en aigles
residuals s’ha postulat com una eina
util per controlar la preséencia de
patogens i altres indicadors de la
salut d’'una determinada poblacié o
comunitat.



2. Avantatges i inconvenients de les aigues residuals

Mostra clinica VS.

* Representatives d’una poblacié o comunitat
* Anonimitzades

* Analisi conjunta de la infeccio

* Cost-benefici baix

* Gran cobertura de poblacid i territori

Mostra d’aigua residual

Mostres complexes
No tots els virus s’excreten
Variabilitat factors externs (pluviometria,

guimics interferents, problemes EDAR...)



3. Incidencia vs. notificacions

Estimem 6.454.951
contagis acumulats enfront
dels 721.245 casos
confirmats (1.9% vs. 0.2%

de la poblacid) als Estats
Units America fins al
18 d’abril del 2020, aixd
significa que hihade 3 a

20 vegades superior al ENVIRONMENTAL
nombre de casos SURVILLANCE

confirmats. Sean L. Wu, 2020.
Nature communications

CLINICAL
REPORTING




4. Epidemiologia basada en aigues residuals (WBE)

Epidemiological modelling

6. Ethical
considerations

Public health case data

Pre-SARS Post-SARS

&

Imatge extreta de Polo et al., 2020



5. WBE aplicada al estudi de virus

Simptomatics com
asimptomatics:
108-101 virus/g

Efecte dilucio \

concentracions baixes i distribucié heterogenia

.

Sample Wash Buffer Elution Buffer Pure DNA

M-PUR ’ < ?

Magnetic Beads/ Discard
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Punt mostreig
Representativitat
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5.1. Variabilitat de metodes de concentracio

VIRAL CONCENTRATION (SARS-CoV-2 and other enveloped viruses)

S
Centrifugal PEG/AI(OH), Electronegative Ultracentrifugatio
ultrafiltration flocculation-precipitation filtration AT

Viral recoveries 25.1-56-0% 10.9-44.0% 26.7-65.7% 1-33.5%

calculated —

Concentration methods for the quantification of coronavirus and other potentially pandemic enveloped virus from wastewater
Marta Rusifiol, Sandra Martinez-Puchol, Eva Forés, Marta ltarte, Rosina Girones, Silvia Bofill-Mas
Curr Opin Environ Sci Health. 2020 Oct;17:21-28. doi: 10.1016/j.coesh.2020.08.002




5.2. Baixa concentracio d'analits

RT-qPCR

Analits en baixa
concentracié degut al
efecte dilucio

0O &5 10 15 20 25 30 35 40

dPCR




5.3. Fases de la malaltia i excrecio
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5.4. WBE i SARS-CoV-2
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6. Aplicacio: SARS-CoV-2 a Suissa

WWTP catchment Sampling
= 100’000 people connected () = since 28 February 2020 (ongoing) - 12 WWTPs, approx. 914'000 people
¥ = 1’000 hospital beds O = early warning system (suggestion) - 19 WWTPs approx, 2-5 mio people

Schaffhausen 5, ﬂ\fh
mﬂ‘é\\x

_Winterthu
q&; Gallen (2)

Kloten

éawag

aquatic research

Schweizerische Eidgenossenschaft
o Confédération suisse
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Confederaziun svizra

zoom {symbols not to scale)

Swisstopo, DV 5704 000 000, reproduced with permission of swisstopo /JA100119 Gra ] hic: C. Ort
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6.1. I\/Ietodologia per deteccio del SARS-CoV-2 a Suissa

Wastewater collection and
storage

Quantitative RT-

PCR for detection

of SARS-CoV2 N1
and N2 genes

RNA extraction,
inhibitor removal
and further
concentration (3x)

Filtration (0.22
Km) to remove
particles and
bacteria

Ultrafiltration to
concentrate viral
particles (250 x)

n

Duplicat,
Mostres proporcionals al flux
d’entrada

MHV
Send§! virus Dopades amb
Phi 6 SARS-COV-2RNA

in-situ PMMV spike



6.2. Determinacio SARS-CoV-2 primera onada

WWTP catchment

() =100000 people connected
# = 1000 hospital beds

B'E] Lucerné%@’iﬂ g
Neuchat?ﬁ/ Ben ¢ &

7

}\ b ¢
~ 7\
Genéve/

L& L2 A

&

/X\@cﬁi\

LIRS

/ ) } B 4

/egl:ﬂ—(z) '\/\, \\:\(g)oé & |
= 3 = g

el » & Lugano
\1 b it = ';fS/ ‘ig
g

Sampling

() =since 28 February 2020 (ongoing) - 12 WWTPs, approx. 737000 people
O = early warning system (suggestion) - 19 WWTPs approx. 2.5 mio people

Schaffhausen ~, %,
&3 M«LAA\ =

rtr‘

zoom (symbols not to scale)

- 3 plantes: Lausanne i Ticino (high), Zurich (low)
- Febrer-abril 2020
- 2 dianes estudiades per (RT)gPCR (N1 i N2)

Water Research
Volume 200, 15 July 2021, 117252

EL

Wastewater monitoring outperforms case
numbers as a tool to track COVID-19 incidence
dynamics when test positivity rates are high

Xavier Fernandez-Cassi *, Andreas Scha\daggg Carola Binziger ® Federica Cariti %,
Alex Tuias Corzon *, Pravin Ganesanandamoorthy °, Joseph C. Lemaitre ©, Christoph Ort 2,
Timoth\ijuhan *de Tamar Kuhn - |

Estimacié
incidencia SARS-
CoV-2 a partir de

I'aigua residual

Casos clinics
confirmats

VS.

Referencia: Model no basat en casos clinics reportats i
validat per estudis serologics (Lemaitre et al. 2020)

Quan la taxa de positivitat és > 5%, la mesura de la carrega de
SARS-CoV-2 en aigua residual permet estimar millor la
dinamica de les malalties infeccioses que el nombre de casos
confirmats.



6.3. Expansio espai-temporal del SARS-CoV-2 Ticino

- Ticino fa frontera amb Italia

- 9 Plantes de tractament d’aigiies 5 o
- 2 dianes estudiades per (RT)qPCR (N1iN2) = E
- 1 diana per RT-PCR (S) — seq. sanger 2 =
A J
g A
2
% >
R
A Deteccid en aigua residual
B Deteccio en clinica
RETURN TO ISSUE <PREV ARTICLE NEXT>
Wastewater Reveals the Spatiotemporal Spread of SARS-CoV-2 in the Canton of Ticino (Switzerland) during
the Onset of the COVID-19 Pandemic Al 29 de Febrer 2020, SARS-CoV-2
ja era present a totes les conques

Federica Cariti, Alex Tufias Corzan, Xavier Fernandez-Cassi, Pravin Ganesanandamaoarthy, Christoph Ort, Timathy R_ Julian, and Tamar Kohn*

Citations Share Addto Export

© Cite this: ACS E5T Water 2022, 2,11,2194-2200 Article Views Altmetric

Publication Date: May 20, 2022 ~

https://doi.org/10.1021/acsestwater. 2c00082 -1 028 1 .] 1 @ @
Copyright © 2022 The Authors. Published by LEARN ABOUT THESE METRICS

American Chemical Society
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6.4. Altres treballs relacionats amb WBE

Article | QOpen Access | Published: 18 luly 2022

Early detection and surveillance of SARS-CoV-2
genomic variants in wastewater using COJAC

Katharina Jahn, David Dreifuss, lvan Topolsky, Anina Kull, Pravin Ganesanandamoorthy, Xavier Fernandez-

Cassi, Carola Banziger, Alexander ). Devaux, Elyse Stachler, Lea Caduff, Federica Cariti, Alex Tufias Corzén,

Lara Fuhrmann, Chaoran Chen, Kim Philipp Jablonski, Sarah Nadeau, Mirjam Feldkamp, Christian Beisel,

Catharine Aquino, Tanja Stadler, Christoph Ort, Tamar Kohn, Timothy R. Julian & Niko Beerenwinkel

Nature Microbiology 7, 1151-1160 (2022) ‘ Cite this article

5929 Accesses | 20 Citations | 39 Altmetric | Metrics
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7. Estudi dels virus circulants a Lausana

PROJECTE METAVIR

Objectiu: Fer vigilancia epidemiologica a partir d’aigua residual
per estudiar els enterovirus circulants mitjan¢ant I'aplicacio de
seqlienciacio massiva d’amplicons i estudi del viroma circulant

/GASTROENTERITIS

Norovirus Gl i Gll
SaVv
Astrovirus:
MAstV-1,6, 819
Adenovirus40i41
Rotavirus A
Enterovirus A-D

Aichivirus

HEPATITIS \
Virus hepatitis E
Virus hepatitis A

PATHOGENS or
BIOTA?
Cardiovirus
Parvovirus:
Bufavirus
HBoV
Picobirnavirus

CNS AFFECTION

Enterovirus A-D

Poliomavirus JC
MAstV-8i9

Klassevirus/salivirus
Cosavirus

SKIN
PATHOGENS or BIOTA
Papillomavirus

" URINE PATHOGENS or
BIOTA
PoliomavirusJC i BK
Papillomavirus
Anellovirus
\ Circovirus Py

—h

£l

a5

a0
A

MOSTREIG
/

Novembre 2018 - Octubre 2019

2L aigua residual (composta 24h)




7.1.Concentracio de virus i preparacio de mostres

600 ml aigua Filtracid 0,45 & Concentracié per Extraccié dels acids
residual 0,22 pm ultrafiltracié x * ) .
) nucleics
N _/
ii
=)
A) Estudi d’amplicons (ADS) B) Estudi de metaviroma de vertebrats
400 500 600 700 800 900 1,000 1,100 1,200 1
2,165 2,265 2,365 2,465 2,565 2, 665 2,765 2,865 2 %5
/P3 peptide capsid protein VP1 peptide
ANgo-J” ANBE-
50224 50222-9
Mapa genoma NC_002058 — EV-C, PV-1 I
Enterovirus
surveillance
guidelines . . Preparacié de
: WHO Regional Office llibreries i
for Europe, 2015 seqienciacio

amplicons amb

MiSeq %}}




A) Enterovirus

PICORNAVIRIDAE
= Genus: Enferovirus

Species: Enferovirus A

Species: Enterovirus B Infeccions subcll'niques
Species: Enterovirus G

Altament resistents al ambient

Species: Enferovirus D

Species: Enterovirus E

Transmissio: fecal-oral
fomits
respiratoria

Species: Enterovirus F
Species: Enferovirus G
Species: Enterovirus H
Species: Enterovirus |
Species: Enterovirus J > 300 tipus dins del genere

Species: Enferovirus K
Species: Enferovirus L

> 116 tipus Enterovirus A-D

Species: Rhinovirus A

Species: Rhinovirus B

> 169 tipus de Rhinovirus A-C

Species: Rhinovirus C




A) Estudi d’'amplicons d’ EV - Analisi Bioinformatic

% Merged Trimmed Paired Reads - length 300 to 465 (Sequence List) - EV-12
File Edit View Tools Sequence Annotate & Predict Help

{Sequence Viei] Langths Graph TotView Lineage o

Ga o G ot G RC. ) Transste @ Add/ecr Amnotston | 7 Alow Edting @ Amotte & Predct /= Primer besign [ Save
7 T T .

Importar els s oo
3. M02102:550:000000000-JFF5]

4. M02102:550:000000000-JFF5

5. M02102:550:000000000-JFF5]
raw reads i
8. M02102:550:000000000-JFF5'
9. M02102:550:000000000-JFF5T:
0. M02102:550:000000000-|FF5T:1:110:

—_—

B ————
g e n e | O U S Control de qualitat + aparellament +

combinacidé de lectures

File .
Clustered using
CD-HIT_EST

Distance < threshold {e.g., 0.03), assign to OTUs c - ‘
0,02
’

Sead sequence . ; ’ -"-\','"\‘\ /'___,,, ‘.___\\ CRITE RIS per
= —— { Radiug) N ifi
Query sequence e —1 ‘. .———i’g {/ \: CIaSS|flcar

N Min overlap 250bp

-Lectures
<3 0 Obp van ser Distance >threshold {e.g., 0.03), store as a new seed
descartades R Seeds set )

I
Query sequence

: EV tipus quan homologia > 70%
N2 \e o Espécies > 60%
Adapted from Wei et al 2021 Famllla > 50%

P

-OTUs al 98% homologia



A} RESULTATS: Esgécies d’ EV detectades

100 — - . — [— — -
D

W No match
B Non Typable
mRV-C
H RV-B
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& 3

\} » N ‘?9% ég\o
X

90

— |

80
70
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40
30
20
10

0

OTUs Frequency



A) EV tipus detectats amb estudi d’amplicons

m EV-C116

W EV-C99
W EV-B82
| E33

90,00 =
80,00
‘ m E30
70,00 . - "
= E11
60,00
‘ W CV-B5
cv-84
50,00 ‘ = CV-B3
= CV-B2
40,00  EV-A90
-  EV-A76
: I I I ‘ :
& ¢

OTUs frequency

m CV-A19
20,00 W CV-A22

m CV-A19
10,00 ‘ B CV-Al6
mCV-A13
0,00 = = CV-All
> ) < & '8\ QQ’ » O Q} ‘ :Cc\i/_/fe
& ‘OKO @fb W N ¥ ¥ S ((‘\0 &60 m CV-A4
mCV-A2
-
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B) Estudi del metaviroma de vertebrats en

MOSTREIG

0,22 pm

[Filtracié 0,45 &

Concentracié per
ultrafiltracié

CONCENTRACIO

1. Primer A 3. RNAseH
-
!R‘_ T s
L T

.

- L w5 e

; “r s
3 ipcié 4,

Concentracié de particules
viriques i eliminacié d'ADN i
ARN lliure

Extraccio d'acids nucleics
(ADN i ARN)

Métode SISPA (Amplificacié
individual independent de
seqiiéncia) per generar ADN
de doble cadena a partir de
l'extraccié d'ADN i ARN

Amplificacié (25 cicles) de
I'ADN extret i retrotranscrit

ADN motlle pre-amplificat

7

PRE-AMPLIFICACIO

aigues residuals

[ E— W
P . .
T — Llibreries de
e E— 0 T
— D seqlienciacid
— S— (fragmentacio + lligacio
I

adaptadors i indexs)

fmm——=_ sondes d'hibridacié de llibreries
viriques unides a biot

—T W

TWIST
— Captura magneética de
e llibreries viriques conjugades a
e i-estreptavidina

CAPTURA

SEQUENCIACIO i

k BIOINFORMATICA )




Bi Virus RNA en aigua residual

Mamasroviras |

Aichivirus A
Kobuvins sp.
Enterovinus

Salivins A

Norwalk virus
Sapporo virus
Astrovirus MLE]
Human astrovinn UK1
Astrovires VALHMO-C
Rotavirs A

Salivires FHB

Human picobimavirus
Rhirovirus A

HMO Astrovirus A
Cardiovirss B
Mamastrovirus 2
Salivirs semage Sangiok
S Human respirovirus 3
— Pepine moszic virus
Pepper mild mottle virus

Turmip yellow moszic virus

Naranjills mild mosaic virus
Witercress white vain virs
Cucumber green monls mosaic virus

Tomato mosaic virus

Garlic virus A
Sanfarpavires 2
White clover mosaic virus

Cazrot cryptic viros

S Tom2t0 bown rugose St virus

Tobacco mosaic virs

Tobecco mild green moszic virus I

Marg - Captura amb Twist Marg - Sense captura



B) Virus DNA en ai

ua residual

Marg - Captura amb Twist

Collection Location

Parvovirus NIH-CQV

Crucivirus sp.

CRESS virus sp.

uncultured virus

RDHV-like virus SF1

Prokaryotic dsDNA virus sp.
Hudisavirus sp.

Sewage derived gemycircularvirus 3
uncultured human fecal virus
Trichosanthes kirilowii parvo-like virus
Forsythia suspensa parvo-like virus
Genomoviridae sp.

Bat associated densovirus
Cressdnaviricota sp.

Circovirus V56600032

Chicken genomovirus mgd_1210

\
p—

Aeromonas virus AhSzwl
Porcime bocavirus
Primate bocaparvovirus 2
Human bocavirus
Densovirinae sp.
Orthopteran scindoambidensevirus 1
Rodent bocavirus

Human fecal virus Tarto

Human fecal virus Jorvi2
Circoviridae sp.

Decapod hepandensovirus 1
Adeno-associated virus

Human mastaderovirus F

Human polyomavirus 1

‘Human cizcovirus VS6600022
Human polyomavirus 2

Rodent protoparvevirus 1

Decapod penstyldensovirus 1

S —

Human mastadenovirus A

Marg - Sense captura



3. Aglicacié de WBE a Sao Tome

I * % Democratic Republic of S3o Tomé and Principe (STP)

* 210,000 habitants

Equatorial Guinea , cl
Cameroon * Més de 2/3 de la poblacié viu amb <3.2S per

Sao Tomé .
s e dia
& Principe ]
* pring
o * Pais de parla portuguesa més petit del mén
S0 Tomé
Gulf of Guinea

* Dosilles principals, localitzades ~250 km de
la costa nord-oest de Gabon

Sources: World food programme, World bank . . —
https://reliefweb.int/report/sao-tome-and-principe/wfp-sao-tome-and-principe-country-brief-july-2020 Bernhard-Nocht-Inshtut fur Tropenmedlzln



8.1. Sao Tome [ punts de mostreig

1 - Liceu (Secondary school)

2 - Vila Maria neighbourhood

3- Bobo Forro market place

4- Lucumi neighbourhood

s : 5- Ponte Graga neighbourhood

Milciaoton @ o 6- USTP (Sd0 Tomé University)
: S ' 7- Major Hospital in STP

Coisas Belas Guesthouse &

Claudi rano%;‘

Cacao &@éo:.. "
. " Catedral 8

: 2 ; |
F Sweet GuestHouse! S pagh, ‘@‘
% Al &
Ribegue’ * s o y
e F-S8 Santoglome!
eh
2 Q.TADE{SANTO s
JANTONION e /
Mercado de;BoboiForro: & 24l 5 z i
- “’. ‘f £
Blublu
5 Almeirim, ki
— 0 g
Altitude (meters) . ' . ' - . v
Resident Population Urban Area i PANTUFOS
I 0- 400 1200 - 1600 . 1-26 a i
5 L Bomb
[ 400 - 800 1600 - 2050 ® 26-551 @ 071602 AgualCreola omuofn
800 - 1200 @ 551-1077 . 1602 - 3713 o . N
: : it 54,58,59
Figure 4: Population Distribution (2001)™"". Vila Maria

Figure from Costa et al. (2009) Il International Conference on Sustainability Measurement and Modelling ICSMMOQ09, map: www.google.maps



8.2. Workflow

Mostreig

250 ml
Aigua residual

pH, temperatura

Deteccid dels seglients patogens:
-SARS-CoV-2

-Hepatitis A

-Enterovirus

-Polyomavirus JC

Caracteritzacio molecular

Extraccido TNA
(RNA+DNA)

Aillament de E.coli

Quantificacio E.coli
productores d’ESBL

Caracteritzacié gendomica
productors d’ESBL

Caracteritzacié microbiologica
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