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Motivation & Objectives

Infected humans excrete COVID-19 virus in feces and urine
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& & | ()
i = — " o =il 2L ) i eant
[ I < 1 Rl
< Nl 15 Sample Bottle SARS-CoV-2

Sanltary éév_\/er

¢ )

Ultimate objective: Relate wastewater measurements to predict COVID-19 cases.
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SF-RAD: SARS-CoV-2 Wastewater-Based Surveillance

Aims of the Study

1. Data standardization and informatics infrastructure
2. Wastewater characterization
3. Integration with human health surveillance

HPCPS

Human

Surveillance N

Wastewater ’
Surveillance

Aim 2

Outbreak
Data

Characterization Policy

and Prediction
Aim 3

Integration —

Aim 1

Decisions

UNIVERSITY 7= Weill Cornell
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Human Surveillance

Sample Collection Plans

Student Residents
? Alogriano Avenue e 1 iy ;
— Gables Academic Campus l - "o

« Students tested weekly WWTP

* Nasal swab, gPCR & breath test . X

« COVID results and total tests by building/dorm | £ 9

room g Virginia Key Park

2

Summer/Fall’21 :

Unvaccinated students tested weekly
All students tested when wastewater exceeds

Marine Campus

A =T 1

I ¥ :
Morthwest 215t Street
Northwest 21st Streat |
west 21st Street
% i

Northwest 20th Sti

University Hospital

Northwest 20th Stree Medical Campus

IMLINOS

« Treat known COVID patients
« Electronic medical records pulled regularly

peORL pay/enuany LG 1S
i al

Miami-Dade County Residents (FDOH)

» Positives by zip code
* Number of tests by zip code
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Wastewater-Based Surveillance
Experimental Overview

Wastewater Sampling (How/Where?)

Watershed Scales (Building, Cluster, Community)
Overall Wastewater Processing Workflow
Molecular Detection of SARS-CoV-2

Weekly Samples: Evaluate predictive ability of wastewater

Daily Samples: Evaluate the most effective time frequency of sample collection

Hourly Samples: Evaluate SARS-CoV-2 degradation relative to hour-to-hour variability. Are composite
samples better than grab samples?
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Wastewater Sampling

//’

Where do we sample wastewater from?

Manholes (building scale)

Pump/Lift Stations (cluster scale)

Wastewater Treatment Plant (community

BRI

M«; scale)
:_&L How do we collect the wastewater?
— Chain and bottle (grab)
5 | Manual or battery powered pump (grab)

Automatic sampler (composite)
Wastewater treatment plant (composite;

grab)


Presenter
Presentation Notes
Johann


0O
i
i
i

Watershed Scales Visualized

Manhole
(grab sample)

LEGEND

@& Gravity main

B Rising main

Manhole

!
F =~
L[]

-Daily Spring ’21
-Hourly C/D

\Weekly Buildings
L

e Cluster

WWTP: Manual scoop

' (grab), autosampler
(composite)

Pump station

Cluster

-Hourly A/B
-Weekly Campus Basin’s

Wastewater treatment plant

-Daily Fall 21
-Hourly E/F
-Weekly MDWASD

Pump/lift station

(grab; composite
sample)
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University of Miami & Weill Cornell Medicine

Collaborative Sample Analysis Sp—
0C43 Acidify l l J—

s ; MgCl, (HC)
2 | TINY-LAMP| | LAMP V2G-qPCR | RT-gPCR
- - = .| =% TL’ SARS-COV-2 SARS-CoV-2
> . ‘L;Lf target only target only | Rapid turn-around
e P Strain ID

Basic water

‘ J
” " O } |+ Filter concentrates undergo further analysis via

quality in field O O sequencing . _
T, pH, SPC, DO, Turbidity Genomic Analysis
gl @ellie mag beads mag beads l I
manual Apex ) .
Deep Targeted Sequencing RNA-seq/
M. Sharkey, .
Direct RNA seq
Center for AIDS Research, UM :
S. Williams Metagenomics
Onco-Genomics Shared Resource, UM Epitranscriptomics
C. Mason, ] v
Integrated Genomics Lab, WCM/MetaSub Strain Identification
(Confirm acrpss both labs)

Depends upon
amount of RNA and DNA
generated from concentrate
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Viral
Spike’s

Wastewater / gCl,
Collection /\4

Electronegative
Filtration

.

>
500 mL

Basic water quality iin field
T, pH, SPC, DO, Turbidity
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Overall
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Sample
Processing
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Molecular Analysis
of Processed
Wastewater Samples

SARS-CoV-2 Detection
via V2G-qPCR
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Elution with
L Nuclease-Free l
Final wash step with 100% Ethanol Water/_/_i___x

Created in BioRender.com bio

Image by: Samantha Abelson

Nucleic Acid
Extraction &

Purification from

EN Filters

RNA Extraction/Purification

- Zymo Research QuickRNA Viral Kit

- Silica spin column vs. chemical-based
- Wastewater EN filter lysate samples

Main Steps of RNA Extraction (for
gqPCR quantification):

- Isolation

- Purification

- Concentration
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V2G-gPCR
Reaction
Setup

. Pull out appropriate reagents and thaw/place on ice

Create master mix by combining appropriate reagents for
specified V2G-gPCR target (SARS-CoV-2, B2M, OC43, HIV, PMMoV, SIV)
Load the 96-well plate with master mix (keep plate on ice-

block)

well for NTC’s

. Seal and centrifuge plate briefly to lift bubbles from bottom of

wells

RNase-free water
5x Volcano Buffer

10 mM dNTPs

5 units;‘u: Volcano2G pgl};lmerase

5 units/ul anti-Tag antibody :
20 uM CV3b/f primer — Master Mix
20 uM CV3c/r primer

100 uM SARS-FAM probe

20 uM OC43/f primer

20 uM OC43/r primer

100 uM OCA3-HEX probe

Load extracted/purified RNA from wastewater concentrate
sample, standards (10" — 10°), and nuclease-free water per

< )

S
Extracted
wastewater
samples

Amplification

Threshold

Fluorescence

No amplification

Copies per reaction (Ct)

Created in BioRender.com bio
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V2G-gPCR Plating Visualized

Vicroseal B Aihasies Soaler WSBAOOH
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Load the plate with master mix first

Apply adhesive seal

Then add RNA, Standards, and NTC’s
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Weekly, Hourly, & Daily Sampling Results

University Scale Sampling alongside Human Health

Building, Cluster, & Community Scale
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University Surveillance

Numbers of People Testing Positive In Sewershed
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Surveillance

1Ver Slty

Un

(1/s=1d0d 21wouas) Ja1emalsep)

10°
10°
| 10*
103
102

ID\ Wastewater
1\
\ ~’D\|:|\
\ O
D’Er
| 101
%Mﬂm&uﬂljmmw}umm leﬂm e i T

140 -

T T
o o
(o0} [Xs)

120 A
100 A

Paysiamas U] aAllIsod Sunsal ajdoad Jjo sisquinp

40 -
20
0

== \Nastewater

C—1Students


Presenter
Presentation Notes
Helena


Numbers of People Testing Positive In Sewershed

University Surveillance
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Naresh Kumar & Alejandro Mantero

* SARS-CoV-2 in wastewater was a
4-day lead indicator
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Normalization — Why It’s Important

Wastewater: black water and grey water

Will normalization by a fecal indicator help improve the COVID-19
predictive capability of wastewater water?

PMMoV (Pepper Mild Mottled Virus) by V2G-qgPCR
B2M (Beta-2-Microglobulin, protein coding gene) by V2G-gPCR
Fecal coliform bacteria by culture

Evaluate at campus and community scale
At community scale evaluate grab versus composites
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COVID-19 cases
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Weekly Sampling Results: Community Scale (Central District WWTP)
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Normalization - What we’ve Found

At community scale, normalization with fecal indicators does not
provided improvement for COVID-19 predictions

Composite samples overall better than grab samples for COVID-19
predictions

At campus scale, normalization (with PMMoV and B2M) appears to
provide some improvement
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Daily Sampling - UM Campus

Fig. 10. SARS-CoV-2 distribution and Fig .11. Probability of a COVID-19 case at the
COVID-19 cases in a UM dorm March-May UM campus with respect to four day lagged
2021 (vertical red line indicates diagnosis of a ~ wastewater SARS-CoV-2 concentration, 2020 to
COVID-19 case). 2021.
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SARS-CoV-2 Presence: Daily/Weekly/Hourly

Graph showing SARS-CoV-2 concentration wastewater at

different sites and new COVID-19 cases in Miami-Dade county Comparison of SARS-CoV-2 concentration

in hourly, daily and weekly samples
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Exp. B Exp. A
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Hourly Experiment #2 (Building) performed April 22-23, 2021: UM
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Hourly Experiment #1 (Cluster) performed April 8-9, 2021: UM

Hourly Sampling Time Lagged
SARS-CoV-2 Abundance

Exp. B Exp. A
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Hourly Experiment #3 (Community) performed June 4-5, 2021: CDOWWTP

Experiment A: assessing viral degradation over hourly lag-time
Experiment B: exploring hour-to-hour variability of viral abundance
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Building Scale: Hourly Degradation of Viral Preence

Comparison of Average Hourly Viral Concentration: SARS-CoV-2 & Spike-In Control SIV
(Building Scale - 1A)

SARS-CoV-2 - SIV
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SARS-CoV-2 Viral Conc. (GC/L)

Cluster Scale: Hourly Degradation of Viral Presence
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Community Scale: Hourly Degradation of Viral Presence

Comparison of Average Hourly Viral Concentration: SARS-CoV-2 & Spike-In Control SIV

(Community Scale - 3A)
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Hour-to-Hour
Variability and
Normalization
Factors: Building
and Cluster Scale

Conc. (GC/L)

Normalized SARS-CoV-2 Abundance found in Wastewater (Building Scale - 1B)
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Hour-to-Hour Variability and Normalization Factors:

Community Scale
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Conclusions found from Hourly Sampling Experiments

Wastewater in sewer variable over time
3 log-10 variation in SARS-CoV-2 observed at building scale
1.5 log-10 variation in SARS-CoV-2 observed at cluster and community scale

Degradation at room temperature over time, secondary for SARS-CoV-2

Degradation of SIV statistically correlated with time

B2M & PMMoV better normalizers of SARS-CoV-2 viral trends than Fecal
coliform by culture

Specific conductivity correlated with fecal coliform at building scale (only
physical water parameter of significance)

Fecal coliform shows evidence of multiplication in sewer
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