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Much Interest In wastewater survelllance

for SARS-CoV-2

> 50 teams in the US, and hundreds worldwide, are working on this

March 30
First proof-of-concept report
KWR Institute, the Netherlands

April 7, MIT/BioBot, Massachusetts
reports concentrations
estimate # infected persons

May 1, New York Times

Presence of SARS-Coronavirus-2 in sewage

Gertjan Medema, Leo Heijnen, Goffe Elsinga, Ronald Italiaander,
Anke Brouwer

doi: https://doi.org/10.1101/2020.03.29.20045880

SARS-CoV-2 titers in wastewater are higher
than expected from clinically confirmed cases

Fuging Wu, Amy Xiao, Jianbo Zhang, Xiaogiong Gu,VVei Lin Lee,
Kathryn Kauffman,William Hanage, Mariana Matus, Newsha Ghaeli,
Noriko Endo, Claire Duvallet, Katya Moniz, Timothy Erickson,
Peter Chai, Janelle Thompson, Eric Alm

MATTER

Is It Safe to Come Out of Lockdown?
Check the Sewer

Wastewater could provide early, painless and localized data about
the rise or fall of coronavirus levels. 2



|s SARS-CoV-2 in feces?

* Fecal-oral transmission is still considered unlikely,
no evidence to date

* SARS-CoV-2 is accompanied by persistent shedding
in stool (27%- 89% of patients)

* Densities of 0.8 to 7.5 log gene copies/gram

* Viral RNA is shed even after oral swabs are
negative, even with asymptomatic patients

* Infectious virus? MOST LIKELY NO-
presence of genetic material doesn’t imply risk



SARS-CoV-2 is easier to inactivate than other viruses or bacteria —
CDC hierarchy of resistance

Resistant Level
Prions (Creutzfeldt-lakob Disease) Prion reprocessing
Bacterial spores (Bacillus atrophaeus) Sterilization
Coccidia (Cryptasporidium) Disinfection
Mycobacteria (M. tuberculosis, M. terrae) High

Nonlipid or small viruses (polio, coxsackie)
Intermediate
Fungi (Aspergillus, Candida)

Vegetative bacteria (5. oureus, P. aeruginosa) Low

Lipid or medium-sized viruses (HIV, herpes, hepatitis B) RV

Susceptible SARS-CoV-2




What do we mean by wastewater
survelllance for SARS-CoV-27?

Infected persons (asymptomatic and symptomatic) shed the virus in
feces

Feces enters the sewer network

Wastewater at the head of the plant is aggregate or pooled sample

Analyzing for indicators of SARS-CoV-2
Target genetic material (a short stretch of the viral genome)
Use molecular assays developed for clinical tests (e.g., N1, N2)
Genetic sequencing

Results
Qualitative (positive or negative)
Quantitative (viral genomes/L wastewater)
Genetic sequence comparisons

These results would not indicate infectivity



Targets for molecular detection

sef1 SARS-CoV-2 Viral Genome (RNA) L N

Chinese CDC Target =
Non-structural Proteins
(orfla)

SARS-CoV-2

WHO Target = -
Viral Structure

Envelope Protein

(E)

CDC Target = The genome provides
Nucleocapsid Proteins the genetic template for
(N1, N2, N3) virus structures and

proteins. We look for

portions of the genome
as an indication that
the virus is present.

Sources: CDC, 2020
Corman et al., 2020
Lu et al., 2020

Image from Dan Gerrity



What wastewater survelllance can (and
cannot) do

CAN provide trend data to complement other surveillance
data for public health decision making

CANNOT be used to reliably and accurately predict the
number of infected individuals in a community

Don't fully understand yet...
« Smallest number of people shedding the virus in stool
that can be detected by wastewater surveillance
methods

« Losses through the sewershed network



Highlight results from three studies

Hart et al., 2020, Computational analysis of SARS-CoV-2/COVID-19
surveillance by wastewater-based epidemiology locally and globally:
Feasibility, economy, opportunities and challenges

Randazzo et al., 2020, Metropolitan Wastewater Analysis for COVID-19
Epidemiological Surveillance (Valencia, Spain)

Nemudryi et al., 2020, Temporal detection and phylogenetic assessment
of SARS-CoV-2 in municipal wastewater (Bozeman, Montana)



Wastewater surveillance more cost-effective
than clinical screening for population health
assessment

Hart et al., 2020

70% of the US population could be screened for SARS-CoV-2
community spread by analyzing all ~15,000 wastewater treatment
plants at an estimate reagent cost of $225,000 USD

Wastewater based surveillance reagents would constitute ~0.014% of
those required for clinical testing of individuals

More rapidly and repeatedly obtain a health profile of a community



Sensitivity of wastewater surveillance
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Wastewater data and clinical case
data, Valencia, Spain
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Study design/methodological choices must
be driven by the intended use of the data

Grab sampling VS. 24-hr composite sampling
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Sampling Date
Viral concentrations grab samples > Composite samples

If estimating infection prevalence, may want multiple grab samples

For trends tracking, may want composite samples with better precision
Need multiple molecular targets

Reported finding one predominant SARS-CoV-2 strain in the wastewater

Nemudryi et al., 2020



Variables that impact wastewater signal

Wastewater generation rate

Infected people
Symptomatic Hospital inputs
Asymptomatic

FecaI shedding rate (over time and course of disease) (viral genomes/g stool)

Wastewater
treatment plant

Wﬁs

In-sewer travel time
(diagnostic window)
Decay (temperature specific)

Dilution (infiltration/inflow)
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Variables that impact wastewater signal

FecaI shedding rate (over time and course of disease) (viral genomes/g stool)

Wastewater generatlon rate .
Most studies

collecting raw
wastewater

Infected people
Symptomatic Hospital inputs
Asymptomatic

Wastewater
treatment plant

co ML

Dilution (infiltration/inflow)

In-sewer travel time
(diagnostic window)
Decay (temperature specific)
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Variables that impact wastewater signal

FecaI shedding rate (over time and course of disease) (viral genomes/g stool)
Wastewater generation rate .
Most studies

Infected people lecti
Symptomatic Hospital inputs cofiecting raw
Asymptomatic wastewater

Wastewater

treatment plant

In-sewer travel time
(diagnostic window)
Decay (temperature specific)

Primary solid

Dilution (infiltration/inflow)
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NC State sampling 5 sites in Wake County

Funded by NSF Rapid program to start sample collection on April 10

Funding from NC State Policy Collaboratory Wastewater
treatment plant

Solids
Neuse River Resource Recovery Facility ﬁ%ov&

1) Head of the plant (\Wastewater and solids)

2) Residential pump station serving ~70 homes (Wastewater)
3) Residential pump station serving ~100s homes (\Wastewater)

4) Hospital (Wastewater)

5) Mobile Home Community (\Wastewater)

Started sampling July 14



Raleigh sewershed (gray) and sampling sites
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Raleigh sample collection frequency

Cases
in Wake
County
per day

. Influent and primary solids samples collected
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Quantification of SARS-CoV-2 in primary
solids

1) Sample collection

2) Dose internal standard (bovine coronavirus)

3) Sample storage at -80 °C

4) Thaw sample

5) RNA extraction of 2.5 mL

6) Digital droplet PCR:
SARS-CoV-2 N1 - -
SARS-CoV-2 N2 SARS-CoV-2 nucleocapsid (N) gene (1260 bp)

Bovine coronavirus

Cost estimate: <$50/sample
Time estimate: 2-3 days/sample




Preliminary results

SARS-CoV-2 N2 gene quantifiable in wastewater and

primary solids

« Detectable in every solids sample we have tested
(earliest sample tested is from Jun 13, 2020)

Concentration in solids > conc. in influent

Positive detections at the neighborhood scale

Detectable both days at Hospital



How can wastewater survelllance be
validated?

Test for relationships with health surveillance data
1) COVID like syndromic cases

2) Lab confirmed cases

3) Hospitalizations

4) Deaths
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