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Wastewater-based Epidemiology

Collection of raw wastewater samples

‘ 4 3 Chemical analysis
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Bowers, |. et al. Isoprostanes in Wastewater as Biomarkers of Oxidative
Stress During COVID-19 Pandemic. Chemosphere, 129489.




SARS-CoV-2 in wastewater




SARS-CoV-2 in wastewater:

1 - Potential use cases
2 - Considerations for implementation

3 - Research needs



SARS-CoV-2 in wastewater. 1) Potential use cases

Early Warning System

Symptom Onset (if symptomatic)
* 2-14 days after exposure, typically 5 days
* Highest viral load around day of onset

Infectious period starts
May become infectious
1-3 days before onset

Exposure |

Level of i

Detectable via
wastewater sampling

hfectiousness

Goes for testing

Test result
returned

Ability to detect virus

Detection via testing



SARS-CoV-2 in wastewater. 1) Potential use cases

Early Warning System

Location with limited clinical surveillance

Sdence of the Total Environment 743 (2020) 140719

Contents lists available at ScienceDirect

Science of the Total Environment

Marginalized population

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

Crowded and extremely low-resources
Wastewater surveillance for Covid-19: An African perspective

N O test ca p a C|ty Renée Street*>*, Shirley Malema ?, Nomfundo Mahlangeni?, Angela Mathee 24
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* Environment & Health Research Unil, South African Medical Research Council, South Africa

¥ School of Nursing and Public Health, Discipline of Occupational and Environmental Heaith, University of KwaZulu Natal, South Africa
¢ Envi | Health L University of Johanmesturg, South Africa

¢ School of Public Health, Liniversity of the Witwatersrand, South Africn

HIGHLIGHTS GRAPHICAL ABSTRACT

Issue: non-sewered sanitation systems * Wastewater surveillance could play 2
key role in management of the COVID-
19 pandemic.

« Unlike well-resourced countries, there
is high rcliance on non-sewered sanita-
tion systems in resource-constrained re-
gions

= In sub-Saharan Africa, locally relevant
alternatives to sampling from wastewa-
ter treatment plants are required.

Street, Renée, et al. "Wastewater surveillance for Covid-19: an African perspective.” Science of The Total Environment 743 (2020). 140719.
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SARS-CoV-2 in wastewater. 1) Potential use cases . vironment

Ea I’|y Warn Nng System NEA-led programme at migrant worker
dorms could detect spread of

| ocation with limited clinical survelllance coronavirus through wastewater testing

Potential hotspots

The programme is part of the Government’s gradual clearance of dormitories of Covid-19. pHoTo- STFILE

Wastewater testing to support dedicated efforts at workers ‘dormitories in Singapore
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FIGURE

Locations of sewage samples positive for wild pobovirus
type 1 identified through environmental surveillance,
Israel, by district, 3 February-12 September 2013

Early Warning System

L ocation with limited clinical survelllance

Potential hotspots

Monitoring circulation of SARS-CoV-2
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Anis E, et al. Insidious reintroduction of wild poliovirus into Israel, 2013. Euro Surveill. 2013;18(38)

defined as ‘hot’ cases (i.e. lacking a complete series of
routine childhood IPV immunisation due to young age
or parental objection) [13]. The estimated annual AFP
incidence in 2013, based on cases detected so far, is
1.15 cases per 100,000 population {15 years of age. All
45 AFP cases tested negative for WPV1.

No case of paralytic polio has been detected to date in
Israel.

Start of aseptic meningitis surveillance

National aseptic meningitis surveillance was also initi-
ated in June 2013. As of 28 August 2013, a total of 156
cases of aseptic meningitis were reported nationally:
none was positive for poliovirus; 65 cases (42%) were
positive for other non-polio enteroviruses.

Ongoing national supplementary
immunisation activity

A suppl tary i isation activity using bivalent
OPV [14,15] was initiated in the Southern district on g
August 2013 and has been expanded nationally since
18 August, with the objective of rapidly Interrupting
WPV1 transmission across the country, particularly in
children previously vaccinated according to the IPV-
only programme, by inducing effective intestinal immu-
nity [16,17].

All children born after 1 January 2004, who have
received at least one dose of IPV in the past, were
considered vaccine candidates. This approach is in
accordance with that used in the routine national
immunisation schedule during 1990 to 2004, which has
a formidable intemnational safety profile [18]. Vaccine
candidates who have immunodeficiency conditions or
those living with i ycompromised household con-
tacts are not vaccinated with bivalent OPV.

As of 15 September 2013, approximately 750,000 of
about 1,200,000 eligible bivalent OPV candidates
(63%, inter-district range: 45-83%) were vaccinated
nationwide (Table 2).

The Israeli response to the finding of WPV1 has been
fully coordinated with leading local epidemiology,
infection disease and paediatric experts, as well as
WHO and the US CDC. Ajoint WHO/CDC mission visited
Israel in June 2013 and its experts have been consulted
at every stage of the outbreak response.

Discussion

The last widespread circulation of wild poliovirus in
Israel was 25 years ago, resulting in a national cutbreak
with cases of permanent paralytic polio [3]. The major
difference between the 1988 outbreak in Israel and
other outbreaks of wild poliovirus infection in recent
years in other developed countries [19,20] that used
an IPV-only routine vaccination schedule, is the early
detection of silent virus circulation through an existing
early warning system, involving national environmental
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Early Warning System Detection of SARS-CoV-2 variants in

, , o o _ Switzerland by genomic analysis of
| ocation with limited clinical survelllance wastewater samples
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Abstract

The SARS-CoV-2 lineages B.1.1.7 and 501.V2, which were first detected in the United
Kingdom and South Africa, respectively, are spreading rapidly in the human population.
Thus, there is an increased need for genomic and epidemiological surveillance in order to
detect the strains and estimate their abundances. Here, we report a genomic analysis of
SARS-CoV-2 in 48 raw wastewater samples collected from three wastewater treatment
plants in Switzerland between July 9 and December 21, 2020. We find evidence for the
presence of several mutations that define the B.1.1.7 and 501.V2 lineages in some of the
samples, including co-occurrences of up to three B.1.1.7 signature mutations on the same
amplicon in four samples from Lausanne and one sample from a Swiss ski resort dated
December 9 - 21. These findings suggest that the B.1.1.7 strain could be detected by mid
December, two weeks before its first verification in a patient sample from Switzerland. We
conclude that sequencing SARS-CoV-2 in community wastewater samples may help detect
and monitor the circulation of diverse lineages.

Jahn, Katharina, et al. "Detection of SARS-CoV-2 variants in Switzerland by genomic analysis of wastewater samples.” medRxiv: 2021-01
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Representativeness
Coordination
Cost-effectiveness

Ethical and legal considerations

Quality assurance
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Biologic
Epidemiologic
Technical

Economic
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Biologic

Epidemiologic

Technical

Economic =
. Hydraulic
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SARS-CoV-2 in wastewater. 3) Research needs

Conceptual example

Biologic

. . . Sampling mode Short description (see “Sampling [lllustration (F=Flow in sewer, S=sampling volume)
Foidemioloaic onille” o find out which sarapiing
mode is suitable in which situa-
tion).
. Continuous ) . . 3
flow- . Divert a side stream, proportional to F S
ecnnica proportional  the flow in the sewer i
constant Divert a constant side stream from F A : S
Economic e — :
Discrete - 4
T: time- Take a constant sample volume at F3 S
proportional constant time intervals - R
° Hyd rau I IC F: flow- Make sample volume proportionalto
proportional the flow in the sewer taking them at 1
constant time intervals 3
° Biol OglCa | Take a constant sample volume at
V: volume- variable time intervals, after a certain [ S
proportional volume of wastewater has passed |
I : the sampling point
. Physico-chemical
: Take one (or a number of) grab - S
g: grab sample sample :
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Biologic
Epidemiologic
Technical

Economic

*  Hydraulic
* Biological

*  Physico-chemical

g - ¥
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Parameter BT AT

pH 773 + 024 7.88 + 056
Turbidity (NTU) 128 + 1.12 240 + 084
SS (mglL™) 201 + 1.40 89.0 + 1.23
Nitrate (mgL™") 840 + 0.27 240 + 072
COD (mgL™) 1360 + 1.74 467 + 132
BOD (mgL™) 4920 +0.18 17.92 + 0.64

Values are expressed as means * standard deviation of
triplicate determinations

NTU Nephelometric turbidity units

COD Chemical oxygen demand

BOD Biological oxygen demand

SS Suspended solids

BT Before treatment

AT After treatment
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Biologic
. . . ammonia
Epidemiologic o
= prediction
o = loess curve
; 3 - = sgigmgmac:e estimate
Technical S
C
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*  Population dynamics S , , , , , , ,
, Jan Mar May Jul Sep Nov Jan
. Excretion rates
date

* In-sewer stability

Baz-Lomba, J.A., et al. "Assessing alternative population size proxies in a wastewater catchment area using mobile device data.” Environmental
science & technology 53.4 (2019): 1994-2001.



SARS-CoV-2 in wastewater

Trend Occurrence Changes in Trends Community Prevalence
Jlllh dllj
1 variable, 1 direction 1 variable, 2 directions multiple variables, need to establish trigger levels

Figure 1. Increasing complexity for wastewater surveillance applications

The Water Research Foundation. Wastewater Surveillance of the COVID-19 Genetic Signal is Sewersheds
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International and national research. Resources
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International and national research. Resources: dashboards

SARS-CoV-2 in Wastewater
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Sites

Tromsg (18 000, 20 000 and 17 000)
Trondheim (122 000 and 170 000)
Bergen (71 000)

Oslo (624 000 and 320 000)
Grimstad (600)
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@) Aftenposten

De analyserer kloakk og kan si om koronaviruset sprer seg

Analyser av kloakk kan fortelle om smitten fra koronaviruset er pa vei opp
eller ned. Overingenier Mamata Khatri analyserer kloakk for a kartlegge ...
5 days ago
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SEFIRE: Research infrastructure for knowledge-building on societal le'_, M
health, security and sustainability
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SEFIRE: Research infrastructure for knowledge-building on societal le M
health, security and sustainability

Integrated Sentinel Survelllance of infectious agents such as SARS- “7 FHI = 000
CoV-2 detected in wastewater in Norway Folkehelseinstituttet @*




Conclusions

* WBE Is a rapid, (relative) low-cost and potentially robust tool for tracking SARS-CoV-
2. WBE 1s well positioned to inform and improve local decision-making process.

* Whereas WBE cannot replace clinical testing, it can serve to alert emergency response
teams to the presence of infected individuals in specific sites (Early Warning System).

* WBE also appears to constitute the only viable means of enabling large-scale
population-wide testing globally, particularly in resource poor regions.

* WBE has gained rapidly popularity, but there are still various limitations and challenges

to be addressed In the analytical protocols and overall estimations for community
prevalence.
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