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Federal, Provincial and Territorial Wastewater
Surveillance Network

~B62% Pop. coverage across all networks

| @ Federal

~25 % Can. Pop. Coverage
65 sites

Territorial / Federal

PHALC f Statistics Canada

British Columbia

~49 % Pop. Coverage
5 sites (1 city)
Prowvincial / Academic /
Federal

BCCDC / U. of British
Columbia

Alberta

82 % Pop. Coverage

23 sites (43 cities
caommunities)

2 Indigenous Communities
Prowvincial / Academic
Federal

Alberta Precision Labs / U.
of Alberta / U. of Calgary

Saskatchewan

MNorthwest Territories

Yukon

58 % Pop. Coverage

6 sites (5 cities / towns /
willages)
Municipal/Territorial

J Federal

Gowvernment of the NWT

Manitoba

~2% Pop. Coverage

1 site

First Mation,/Municipal/
Federal

First Mation,/Municipal/ Fed
eral

Ontario

Nunavut

~55 % Pop. Coverage

9 sites (9 cities J towns)

5 Indigenous Communities
Academic f Federal

U. of Saskatchewan / U. of
Regina

~61 %% Pop. Coverage
6 sites (4 cities)
Federal

PHAC

75% Pop. Coverage
100 sites (~70 cities
regions)

Prowvincial / Academic
Federal

OMECP /S 13 Academic
Institutions

27% Pop. Coverage
2 sites (2 cities) hamlets)
Territorial / Federal
Government of NT

Québec

46 % Pop. Coverage

14 sites (9 cities)

1 Indigenous Community
Academic / Provincial f
Federal

MceGill and CEAEQ

Newfoundland and
Labrador

~49 % Pop. Coverage

19 sites (15 cities J towns)
Prowvincial / Federal
Gowvernment of NL / Eastern
Health

Prince Edward Island

=37 2% Pop. Coverage
2 sites (3 cities)
Municipal/ Prowvincial/
Federal

Government of PEI

MNowva Scotia

35 % Pop. Coverage

4 sites (1 municipality)
Academic / Municipal/
Provincial

Dalhousie University
Halifax water/ Research NS

New Brunswick

~11% Pop. Coverage

2 sites (1 city)/ 1 First
Mations Community)
Prowvincial / Federal
witalité Health Netwaork,
Federal

Figure from: https://nccid.ca/wp-content/uploads/sites/2/2022/09/WWS_Map_September2022.pdf




COVID-19 last week

Key updates

¢ Reg| Na. Number of sites Number of sites Number of sites Number of sites
. showing an increase showing a possible showing a decrease showing no change
* SARS-CoV-2 levels remain

increase
stable at low levels

0 27
(<10 cp/mL) 5256

(62.79%)

About these data tiles

* Anincrease is a statistically significant increase in the wastewater signal.
* Apossible increase is an increase in the wastewater signal that is not statistically significant.
* Adecrease is a statistically significant decrease in the wastewater signal.

* No change is either a steady signal or an insignificant decrease in the wastewater signal.

https://health-infobase.canada.ca/covid-19/wastewater/



Institute of Environmental
Change and Society

e Research Institute at the
University of Regina
* Integrated Numeric Analysis Facility
 Stressor Quantification Facility
 Cellular Impacts Facility
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Biodesign Institute

* Arizona State University

* Biodesign Institute, Center for
Environmental Health Engineering

* Department of Chemistry and
Environmental Engineering




Team
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Society

REGINA, SK
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Why (waste)water?

')

* “One Health” perspective:

* Integrative, multisectoral, and superu
unifying approach g Crossta.k)
r’

- N
* Goal: achieving optimal L

health outcomes by ’ Wter, sol, ai
recognizing the
interconnection between
people, animals, plants, and
their shared environment One Health

Environments
Figure from: Zhuang et al. 2021 Environmental Pollution 285, 117402



(Waste)water as disease reservoir

John Snow, 1854. Map of cholera clusters caused by sewage-polluted water linked to public water pump on Broad Street, London

Figure from: William Bynum 2013, Nature 495, 169-170



Wastewater as diagnostic tool |

Poliomyelitic Virus in Sewage

JOHN R. PAUL, JAMES D. TRASK, AND C. S. cULOTTA Authors Info & Affiliations

SCIENCE -

* Pilot for poliovirus detection:
e Charleston, South Carolina (1939)
e Detroit, Michigan (1940)
e Buffalo, New York (1940)

Sewer discharging from the Allegheny Avenue Sewer at Pier 126 in
Philadelphia. 15 July 1918. Children swimming. Same day, same pier.
(Philadelphia Water Department.)



Wastewater as diagnostic tool

NEW e
YORK Department SEPTEMBER 4, 2023
STATE | of Health

Poliomyelitic Virus in Sewage

Poliovirus Wastewater
Surveillance Report

September 4, 2023

JOHN R. PAUL, JAMES D. TRASK, AND C. S. cULOTTA Authors Info & Affiliations

SCIENCE -

NYS Sewersheds with Poliovirus Detections

* Pilot for poliovirus detection: Linked to Paralytic Polio Case
e Charleston, South Carolina (1939)
e Detroit, Michigan (1940)
e Buffalo, New York (1940)

* Verification tool for polio eradication
(Global Polio Eradication Initiative)




Genomic analysis of sewage from 101 countries reveals

global landscape of antimicrobial resistance

nmunications 13, Article number: 7251 (202 Cite this article

* Wastewater monitoring used for
enteric pathogens (water quality,
wastewater use)

* Antimicrobial resistance tracking

Abundance
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Choropleth of the world colored by the country-wise average total
AMR load and stacked bar chart of relative abundances per drug

class per country.
Munk et al. 2022 Nature Communication 13, 7251



Wastewater as diagnostic tool

Cocaine in surface waters: a new
evidence-based tool to monitor
community drug abuse

Research | Open Access | Published: 05 August 2005 | 4, Article number: 14 (2005)

* Drug monitoring (licit and illicit):
* Europe since 2007

Spatio-temporal assessment of illicit drug use at large
scale: evidence from 7 years of international
wastewater monitoring
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Amphetamine (AMPH)

Fig. Mean population-normalized amphetamine loads
(mg/1000 people/day) 2011-13 versus 2014-17

Gonzalez-Marino et al. 2019 Addiction 115, 1090-120



Wastewater as diagnostic tool

Wastewater Pilot-Test Design

Coca i n e i n S u rfa ce wa te rs: a n ew Test Site Wastewater Treatment Plants (miﬁ?::::fp:;ﬁr;;

evidence-based tool to monitor EZCZ
commu nity drug abuse Montreal Island 2.0

Research | Open Access | Published: 05 August 2005 | 4, Article number: 14 (2005)

Toronto City 2.8

Edmonton City 1.0

Vancouver metro area 2.5

Total 8.4

* Drug monitoring (licit and illicit):
* Europe since 2007
* Pilotin Canadain 2018/19

Halifax

Source: Statistics Canada, 2019,

https://www150.statcan.gc.ca/n1/pub/11-621-m/11-621-m2019004-eng.htm



Wastewater-Based
Surveillance (WBS)

* Testing at scale
* Low bias
e Low cost, fast

* Open questions for SARS-
CoV-2:
 Sensitivity (early warning for
outbreaks)
* Trend monitoring?
e (Sub-)variant monitoring?

Outbreak
Response
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Surveillance

Bivens et.al. (2020) Environ. Sci. Technol.



Does WBS work for
COVID-197

Letters Annals of Internal Medicine = Yol. 172 No. 12 = 16 June 2020

SARS-CoV-2-Positive Sputum and Feces
After Conversion of Pharyngeal Samples

in Patients With COVID-19 -

* Detection of fecal presence of SARS-
CoV-2

* E.g.:
* Chen et al. 2020
 Woelfel et al. 2020

Virological assessment of hospitalized patients with
COVID-2019

Swab ™ Sputum = Stool ® Serum ™ Urine
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Woelfel et al. 2020 Nature 581, 465-469



Does WBS work for
COVID-197

* Biodesign Institute, Center
for Environmental Health
Engineering

* Dr. Rolf Halden’s team

* Degradation of SARS-CoV-2
testing:
* Fast degradation

e Stable low-level residual
presence

Winter (December)

Summer (July)

Dr. Rolf HALDEN
Professor & Center Director

Sewershed 1 Sewershed 2 Sewershed 3

City of Tempe,
Arizona, USA

{ Percent SARS-COV-2
Remaining at Sewershed
Drainage Point

95% —100%
90% — 95%
85% — 90%
80% — 85%

B 80% or less

o Drainage points

Figure from Hart and Halden 2020 Science of the Total Environment 730, 138875



Wastewater surveillance of SARS-CoV-2

1. Sample 2. Sample
collection ‘ processing

—) = ‘

gl
4. Data analysis and
sharing 3. SARS-CoV-2
e quantification

[}
o
c
7}
O
[ %]
o
bt
=]
=
’ o




A review of the pandemic —
a WBS perspective

* Partners since 2020:
e SHA (Drs. Hennink and Medu)

 EPCOR (Operator wastewater
treatment plant)

* City of Regina (Shelley Wellman/
Joy Yu)

A saskatchewan
Health Authority

* Since 2021:
Ty l"’l Public Health

* Support from Public Health Agency ar ol Health
Canada and Health Canada Eé Agency of Canad

* Sequencing by National

Microbiology Lab in Winnipeg gy
* Additional cities 784 | Gy f@)
2 [Yorkton|Weyburn i

MOOSE JAW | +* - WAL

LUMSDEN

Agence de la santé
publique du Canada



* Positive signal:
average of ~3 new
cases
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What is the expected
relationship between
wastewater signal

and clinical case 60
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What do we know about SARS-CoV-2 fecal
shedding rates?

Infection
i : PCR positive
 Answer: not much I Ag-RDT positive

Symptom onset Symptom duration

 No stool data
before symptom
onset

A ~ RNA genome copies
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Infectious virus

0 5 10
Time since symptom onset (days)

Figure from: Puhach et al 2023, Nature Reviews Microbiology 21, 147-161




Clinical testing vs. fecal shedding

Infection

. PCR positive
* Lead or lag time Ag-RDT positive

hlghly dependent i Symptom onset Symptom duration
on clinical testing . e
regimen
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* Max 5-10 days?

* Lead realistically .-
<10 days [ | .

Infectious virus

0

5 10
Time since symptom onset (days)

Figure from: Puhach et al 2023, Nature Reviews Microbiology 21, 147-161



e Sustained
increase after
Thanksgiving
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* Surprisingly
strong signal
around Christmas

0

A

Sep1, 20

12/31/2020

Jan1l, 21

May 1, 21

Sep1l, 21

Jan1l, 22

May 1, 22

Sep1l, 22

Jan1l, 23

May 1, 23

7d moving average new cases




; \
\
\
\
\
/
\
\
\
\ A
\ £ s
s 3 .w
\ £ 7
< — - s 3
L) i "y «
B g = v Y A
! B e
} >
\ 3/
x Faxnsrimp b 8 2
A - 8 | .
Ty ]
" 3 7 /
~ R, ... R .ﬂ
A L
— - b u» -
1
i y
V.—RI#
,.” ® R.v_«
i 3 .@~ *
a» Vo
A
Izt 4 "
T e o
1 ! | paz}
P
7
1 m =

ax
—

e a‘.._.‘.wlln.l.v
!

|

T Rl _, ‘ "
;r..a.,w.e.ll ¥ A F L o ‘.4.31.».(.% fi <W et

o S e e ! = ~

e !

s

i
ls
il el falise” N
¥
52’
18
_Lf L S

; | TEEEP . olpEn
_ ;
| & .a U _ “
o 9 i { . / ‘* (T
B 3 i L gl L P
~ J \,._HVM - 4
) | 4 A
\3 b/ »
! a4
S, l«i 3
£ ’ ‘A
g f e
v, )
1 B y u 7~
ey, 0L e Y LmA
¥ .
i
bR - ~. "
o .w "m ﬂu -
wf.ﬁ et 1 =1 VA
| | i
i g
5
/
) / i
5 .._
._ & .__
! p¥
0. —% 1 \ z

a
«
n il
=

P _ "
[ B4
™ ]
ik
ok 9
| TR 4
u =

r 3
T

|3 .

e o

o k- w

S e 6 ¥

3 < x O
2 & w

a o x

Wwox

N & o

£ 2 g

a i

Legend

DSLiftStation
GISID, NAME




Impact of sewer parameters !

* Size of sewer system, residence time

* Changes in flow rate (e.g. rain, snow
melt, population size, industrial use)

* Contamination of sewer system (e.g.
cleaners, solvents etc.)

»Viral signal is highly dependent on
sampling location/sewer system

» But robust for larger trends




* Alpha wave:
March/April 2021

* Presence of Delta
variant: since
4/25/2021

|—|.
|
=
S~
wn
2
(a B
(@]
(@)
—_
o
=
o
<
wn
(a4
<I
(V)]

=
o
7d moving average new cases

0
o

(@]

* Drop of SARS-
CoV-2 signal: - J
JAs
March/May 2021 oAl 5/1/2021
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* High temperature
Increases in
Regina between
March - May

* Snow melt might
dilute wastewater
samples
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Data normalization

* Markers in wastewater to account for population size, dilution,
extraction efficiency, etc.

e Other viruses (e.g. pepper mild mottle virus, PMMoV)

 Human biomarkers (5-hydroxyindoleacetic acid, cortisol, creatinine,
ammonia etc.)

* Food (aspartame, caffeine, etc.)

* Problem: “True” infection number is unknown



Impact of PMMoV normalization during snow melt

Regina -

 Normalization
increased viral
signal during
melt

SARS-CoV-2 [copie
.:C.:;
7d moving average new cases

60

SARS-CoV-2 PMMOV normalized

40

20 r‘”
o LA
5/1/2021
Sep1,20 Janl,?21 May 1, 21 Sep1, 21 Jan1,

Sepl, 21 Jan1, 2?7 May 1, 22 Sepl, 22 Jan1, 23 May 1, 23




Regina — WBS in summer 2021

* Delta variant:
dominant in July
2021
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* Expansion to
over 11 sites to
monitor decline
of SARS-CoV-2
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Regina Wastewater Update

Regina population

e Delta variant:
dominant in July
2021

Analysis of

‘@b wastewater for

SARS-CoV-2

Community wastewater

This overview of the last
few months represents
the weekly SARS-CoV-2
loads relative to the
highest April levels.

160

* Expansion to
over 11 sites to
monitor decline

Of SA RS_COV_ 2 o) Latest sequencing results
i (29/06/2021) suggests
) dominance of Delta but
> with significant presence
of Alpha.

e Public release of -- ] . ate s
data 0 JH_A_“_ ' %l":"ﬁ(&;‘i}m L COLLEGE (222 ] | 9L rREGINA

8/17/.
Sep1,20 Janl,?21 May 1, 21 Sep1, 21 Jan1, 22 May 1, 22 Sep 1, 27 Jan1, 23 May 1, 23

Currently, our levels are
considered low (<33%).
A slight increase was
observed over the
previous week.
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Regina — WBS in fall/winter 2021

e Delta variant

drives new wave
2021
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* End of
asymptomatic
testing
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Regina — WBS early 2022 .

* January 2022:
Omicron
variant became
dominant
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* February 2022:
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testing 3 |
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Regina — WBS 2022 “The year of Omicron and its
sub-variants”

* January 2022:
Omicron
variant became
dominant

M
5

[
an o8]
o

(@]

* February 2022:
End of public
testing
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Regina — WBS variant monitoring in 2022

* |dentification of
Omicron variants in
wastewater

e Sequencing at NML (Dr.
Landgraff’s lab)

e BQ.* first detected in
Regina

* BQ.* dominant within
two weeks

35 36 37 38 39 40 41 42 43 44 45 46
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Regina — WBS mutation monitoring

* Wastewater sequencing
allows the identification
of point mutants

e Sequencing at NML (Dr.
Landgraff’s lab)

Alert
Mutations

B S:F4861

B S:F486S
S:F490S
S:K417T

()

S:K444M
S:K444R
S:K444T

S:L452M
S:N460K
S:R346K
S:R346T
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* First summer
drop since
Omicron

S

180

* RRPL continues
testing (since
July 2023)
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Wastewater-Based
Surveillance (WBS)

v'Testing at scale
v'Low bias
v Low cost, fast

Open questions for SARS-CoV-2:

v'Sensitivity (early warning for
outbreaks)

v'Trend monitoring
v'(Sub-)variant monitoring

Outbreak
Response
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Wastewater
Surveillance

Bivens et.al. (2020) Environ. Sci. Technol.



Future goals

* Expansion of targets
* Other diseases (already implemented: influenza, mpox, RSV)
* Drugs of abuse
* Biomarkers?

* Sites
* Vulnerable facilities (e.g., long-term care homes)
* “Interesting” facilities (e.g., airports, hospitals)



Ethical concerns

* Privacy concerns

* Balancing equity with risk of
marginalization/stigmatization

* Trust in health authority/science

e Potential abuse of data




Thank youl!

Want to learn more about wastewater /. /i Ay ., A | |
surveillance in our lab? < ot s il RO g o \\

i_-’ A saskatchewan | . b JJ Guic Health

Health Authority| Agency of Canada

: ‘ Agence de la santé
= — - publique du Canada

- = LTI
F REGINA |

City of

https://www.youtube.com/watch?v=4mR4Kp14zfA

Yorkton Weyburn
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Wastewater surveillance - dominant variants in
Regina

Consensus VOC

Omicron >80%
Delta <109

Omicron >70%
Omicron ~50-70%

First detection of
Mandatory face covering Omicron
with qPCR (<20%)

Delta > 809

7-day moving average new cases

First detection of Omicron
by sequencing
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