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ABSTRACT

The Sylvester Comprehensive Cancer Center Shared Resources, working closely with
of Miami (UM), helped establish and maintain
institutional study on environmental monitoring of
SARS-CoV-2, the virus that causes COVID-19, including surface, air, and wastewater-
based sampling. This project provides a case study of how a diverse array of shared
resources can work together to fa human and environmental pathogen
surveillance. The study is a collaborative effort between researchers at UM and Weill
Cornell Medicine (WCM). The shared resources involved in this project include a group
of Sylvester Shared Resources, including the Behavioral and Community Based Research
Shared Resource (BCSR), Biospecimen Shared Resource (BSSR), and Onco-Genomics
Shared Resource (OGSR), along with the Miami Clinical and Translational Science
Institute (CTS) Biostatistics Collaboration and Consulting Core (BCCC), and the Miami
erterfor DS fesearh (cum Laboratory Sciences Core. UM deployed an extensive
hum: racking , faculty, and
st This sy extends nens ettor 15 encompass wastewater surveillance of SARS-
CoV-2 from buildings on all the UM campuses, the city of Miami and surrounding county,
and UM-affiiated hospitals. The goals of this study are to generate, optimize,
standardize, and compare SARS-CoV-2 human and wastewater surveillance with various

mpling, processing, detection, and analysis techniques. The environmental viral
surveillance data is being integrated with community and hospital COVID-19 disease
prevalence, with the aim
developing predictive models of
focal and community level spread of
the disease. The results from this
effort are informing public health
strategies on local and community
levels and may serve as a model
more broadly for other existing and
emerging pathogens. We present
here  lessons learned, current
results, and future directions, with a
focus on the role and impact of the
shared resources.
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Behavioral & Community-Based Research Shared Resource

Services

es

« Assist development and delivery of evidence-based interventions

The BCSR facilitates behavioral, psychosocial, community, translational, and population-based
earch. In addition to support for cancer-focused studies, the BCSR provides services for

critical COVID-19 testing, tracking and tracing at the University and surrounding community.

Role in this study: The BCSR facilitates wastewater and surface sample collection and faciltates
access to COVID-19 population-level data from human surveillance.

Biospecimen Shared Resource

Services:

 annotation,
* Rapid f surgical biopsies.

© Generate, optimize, standardize, h
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+ Plasma, serum, and PBMC processing and cryopreservation
« FFPE and frozen tissue processing, sectioning, staining, & scanning
+ Particpant screening and enrollment for biospecimen studies.

Role in this study: The BSSR is the biorepository for the environmental samples (air surface
and wastewater) from this sludy nd provides sample metadats annotaton, tracking
processng stors The BSSR also. for basic
Vel chemical mesurements and. cufure b9sed. microbalogcn inalyses (including
Syt of £ coll fo the wastawater samples and s 3l somple motadta in 3 LIV

Onco-Genomics Shared Resource

Services:

Human Population and Clinical Patient Surveillance

% Background

 Research on COVID-19 has found that SARS-CoV-2 can be detected In wastewater days or
even a week before people show symptoms or test positive for COVID-19. To determine If
environmental surveillance for the SARS-CoV-2 virus can predict COVID-19 disease
outbreak, we are collecting and analyzing aif, surface, and wastewater samples from all
the University of Miami campuses plus various locations in Miami Dade County. We are
also analyzing wastewater samples collected from sites across the United States and
around the world.

© This study is a multi-nstitutional collaboration between the University of Miami and
Weill Cornell Medicine and is also part of the MetaSUB international consortium.

o University of Miami:

* Located in Southeastern Florida, one of prior hotspots of the COVID-19 pandeic.

* Extensive human surveillance: COVID-19 testing, tracking and tracing of students,
faculty, and staff. University hospital with COVID-19 patients.

* Ongoing wastewater surveillance of SARS-CoV-2 from buildings on l the University
campuses, including student residence halls and the University hospital, since
September 2020.

* Implemented air and surface sampling, coordinated with wastewater sampling.

" Study established with the coordinated support of § shared esources at UM,

Computing, nttute for Bioethics and. Healh Policy Ifecton. Control nd
Employee Health, Building Facilities, and Environmental Health and Safety.
o Weil Cornell Medicine:

= Located in New York City, one of the first hotspots of the COVID-19 pandemic.

* Established a national and international consortium for Metagenomics and
Metadesign of Subways and Urban Biomes (MetasUB), which since the start of the
pandemic has focused on Metagenomics of the Sewage System (MetaSEW). This
effort includes wastewater collection and analysis from a range of sites across the
United States (e.g., Charlotte, Racine, New York City, Burlington, Dallas, and Los
Alamos) and interationally (e.g., Kuala Lumpur, Singapore, Seoul, Shanghai, Istanbul,
Marseille, Montevideo, and Buenos Aires).

* Established open-code bioinformatics platform  (Panges) for metagenomics and

analysis of human suveilance
* Innovation: Detection of SARS-CoV-2 includes the use of a novel rapid polymerase chain
reaction method (V2G-qPCR) developed at UM (M. Sharkey) and a new rapid loop-
mediated isothermal amplification (LAMP) method developed at WCM (C. Mason).

% Results are currently informing public health strategies on local and
community levels
* Environmental surveilance results at UM are reported to university leadership.
= Community partners include the Miami-Dade Waste and Sewer Department and
the Florida Department of Health in Miami-Dade County.

« single cell genomics.
+ Spatial genomics
+ Molecular quantitation

d provides rapid RNA
exraction and purification, rapid detection with RT-GPCR and LAMP, and next generation
sequencing 2 Cov2,

F Center for AIDS Research

Laboratory Sciences Core

Services
* Human primary cell preparation

« Evaluation of cytokines and soluble mediators
« Flow cytometry, Luminex and ELISA services

+ Cell assays and microbial marker evaluation

* Multiplex RT-gPCR

* Virology services

Role in this study: The LSC provides rapid viral detection with a novel rapid polymerase chain
reaction (PCR) method developed and adapted for wastewater surveilance by a CFAR
investigator (M. Sharkey).

CTSi cinical & Translational Science Institute

Biostatistics Collaboration and Consulting Core

Department of Publc Health Senvice, Miller School of Medicine

Services:
* Study . translational,
. schemes d

« Faciltates design of appropriate statistical analysis plans

« Sample size estimation and power analysis

« Longitudinal, multvariate, and survival analysis

+ Data and database management

Role in thi study: The sece Drwdes suppor «x developing smdv ind experimental designs that
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RESULTS

WASTEWATER
CHARACTERIZATION

Evaluate influence of watershed scale
Evaluate sample concentration methods

Evaluate sample collection method on SARS-CoV-2 measures
Relate wastewater to human surveillance data

INTEGRATION OF
HUMAN & ENVIRONMENTAL
SURVEILLANCE

> Strain tracking and viral detection methods comparison (qPCR, LAMP, RNA-seq)
> Predictive modeling that integrates wastewater testing with local & regional health data
> Compare UM data to national and global COVID-19 strains and dynamics
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Wastewater characterization. Wastewater samples are collected in collaboration with University
Faclities and Environmental Health and Safety. Samples are concentrated at the SCCC
Biospecimen Shared Resource. Concentrated samples are split and sent to the SCCC Onco-
Genomics Shared Resource for RT-GPCR and targeted sequencing analysis, to the CFAR
Laboratories Sciences Core for V2G-gPCR analysis, and to Weill Cornell Medicine for RNA-seq,
metagenomics, epitranscriptomics, and strain variant identification.

DATA
STANDARDIZATION

> Establish data and metadata categories and develop metadata standards
> Establish end-to-end data ﬂnw proces

> Implement operational infor ructure to manage data & metadata
> Implement Data Porafor dau e and integration
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Predictive modeling. Using data from this study, we are building the foundation of an infectious
disease model designed to anticipate outbreaks based on wastewater surveillance, human test
results, clinical metadata and local hospitalization data. SARS-CoV-2 RNA was detected in air,
surface swabs and wastewater. The relative efficiency of predicting COVID-19 cases improved to
100% when multiple environmental media were monitored (air plus wastewater or air plus surface
swabs). SARS-CoV-2 was also detected in environmental samples when COVID-19 cases were not
reported, indicating underreporting of COVID-19 cases. Thus, environmental monitoring of SARS-
CoV-2 serves as effective method of community surveillance of COVID-19 disease.
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Metadata standardization and processing. Top: Formalized representations of metadata. All data
fields (properties) to describe samples and datasets are formally described using reference
schemas and ontologies. managedina and
made available via one or more JSON schemas that can be used to generate submission forms.
Bottom: Data submission process. Forms generated based on the JSON metadata schemas are
used to capture and validate required information to describe samples and datasets. The
descriptions are saved in 3 document database (Mongo DB) in JSON-LD. From the database they
are available via a REST APl to end users who access a Data Portal or collaborators who access
and integrate the data into other systems. The JSON-LD format formally describes the property
fields and values and is machine interoperable.

Publications

SARS-CoV-
Sharkey ME, et a. Sci Total Environ. 2021 Dec; 798:149177. PMID: 34375255,
thermal, i stem for C
Mozsary C, et al | Biomol Tech. 2021 Sept; 32(3):221-227. PMID: 35136383,
toop-mediated sotherml amplfication detection of SARS-Cov-2 & myrad other aplications.

ore KIM, et al.J Biomol Tech. 2021 5ep;32(3):228-275. PMID: 3513638
n global metagenomic map nl urban mxaomomes and antimicrobial resistance.

Darko D, et al. Cel. 2021 Jum184(13):3: PMID: 34043940,

| e on o ptabe vater e e

grating
fang SC, et al. Water, 2022 Apr, 1

il tic bead-based concentration
and V26-GPCR to RT-gPCR. iorquantliymg viral SARS-CoV-2 RNA from wastewater.
Babler KM, et al ACS EST Water 2022 May; 2(11):2004.

i in wastewater and C

of human waste.

Zhan Q, et al. ACS EST Water 2022 May; 2(11):1992 Contact Information
Predicting C RNA in air, surface swab ter samples,
Solo-Gabriele HM, et al. Sc Total Environ. 2023 Jan; 857(1):159188. PMID: 36202365,

+ George Grills G766 @med miami edu
* Helena Solo-Gabriele  hmsolo@miami edu

+ Stephan schirer sschurer@med.miami.edu
* Christopher Mason Iledh

Future Directions
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facitating the development of COVID-19 disease predictive models that integrate human and
environmental SARS-CoV-2 surveillance data.

‘Wastewater surveillance for influenza, for antibiotic
s e z «




