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Motivation & Objectives

Infected humans excrete COVID-19 virus in feces and urine
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Ultimate objective: Relate wastewater measurements to predict COVID-19 cases.
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Human & Wastewater Sample Collection

Human Surveillance

University of Miami

Student Campus Residents, UMiami Gables/Marine (Sep. 2020)

Fall’20/Spring’21

* Students tested weekly (nasal swab, gPCR) Supplemented
by breath test

* COVIDresults and total tests by building/dorm room

Summer/Fall’21

* Unvaccinated students tested weekly

* All students tested when wastewater exceeds

University Hospital, UMiami Medical (Sep. 2020)

* Treat known COVID patients
* Electronic medical records pulled regularly

Miami-Dade County

Miami-Dade County Residents, FDOH WWTP (Jan. 2021)

* Positives by zip code
* Number of tests by zip code
* Augment with Biobot wastewater data (Apr. 2020)

Pilot, Miami-Dade County Public Schools, MDCPS (Jan. 2022)

* In collaboration with RADx-UP project (Gwynn, PI)
* 9 Schools (4 Elementary, 2 Middle, 3 High Schools)

Sample Collection Plans
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Source

Center for AIDS Researchll__J}
V2G-qPCR (quantify SARS-CoV-2) Reported weekly to UM, MDWASD,
Quantify Fecal Indicators and MDCPS

( ) > UO,SL — > Oncogenomics Share Resource L Check
2L RT-qPCR (check SARS-CoV-2)——»!
Univ. Miami Lab «—Deep sequencing for variants

(BSSR) LB

WCM Genomics Lab )
Shotgun Sequencing — >  All Microbes found at High Levels
“»Bioinformatics for Variants — >  SARS-CoV-2 Variants
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SARS-CoV-2 Results
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Hospitalizations
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Wastewater VOC Detection Methodology

1.

Assign taxonomy to all reads and filter SARS-CoV-2 matches with kraken2
e Run using custom pan-kingdom DB
* Generate SARS-CoV-2 FASTQs leveraging seqtk

Align to Wuhan reference with bwa mem
e Sort and index alignment with sambamba

Trim primers with ivar trim using version-specific ARTIC BED file

* Get coverage statistics on trimmed BAMs
* bedtools genomecov for per-base coverage
» mosdepth for per-amplicon coverage

Call variants using hybrid approach with lofreq and ivar
* Take union of calls to avoid FNs and use mean DP/VAF per mutation call

Annotate mutations (assign gene, impact, amino acid substitutions) with VEP

Estimate relative VOC lineage abundances with Freyja



Performance of ARTIC protocol up through June 2022

SF-RAD
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Samples are filtered by total genome coverage

Minimum of 75% of SARS-CoV-2 genome must be covered with at least 50x
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ture mutations across all 2021-22 WW samples
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The dominance of omicron across all sites
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Mapping reads to species beyond SARS-CoV-2:

The benefits of metatranscriptomics



The bioinformatics of broad-spectrum,
pathogen monitoring in wastewater

How do we leverage the ecology of wastewater to monitor bacterial,

viral, and fungal pathogens?

Challenges:
1. Low abundances (especially in
viruses)
2. Repeat regions (especially in fungi)

Potential (bioinformatic) solutions:
1. Masking low complexity regions
2. Integrating multiple k-mer alignment
approaches
3. Integrating both coverage and
abundance statistics

Pipeline Overview:

1.

Read quality control + adapter removal with bbtools +
optional masking

De novo assembly and contig fragment annotation to
update existing databases

Taxonomic classification with xtree and kraken?2
(aligned to RefSeq + dereplicated GenBank + assembled

contigs)

Relative abundance calculations via a variety of
methods

Custom taxonomic + phylogenetic viral classification



I Eaton Residential College (new manhole)

Mahoney Manhole (drains southern part of Mahoney-Pearson)

Lakeside Village Manhole near dumpsters
Marine School RSMAS manhole

® Hecht Manhole sampled combined flow from McDonald and Pentland Towers
Mahoney Pearson Manhole

I Eaton Residential College (old manhole)
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McDonald Residential Tower

Top bacterial taxa

North Side of Gables (Services the north side of campus including Lakeside Village)
Pearson Residential College

Miami-Dade County Wastewater Treatment Plant composite sample

Miami-Dade County Wastewater Treatment Plant

Medical Campus Lois Pope

'IE Medical UHealth Hospital NW 14 Street
Pentland Residential Tower
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College Drains clusters of buildings
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University Village residences only

—= Walsh Residential Tower

Aquaspirillum sp. LM1
Faecalibacterium prausnitzii
Bacteroides vulgatus
Bacteroides dorei
Bacteroides uniformis
Pseudomonas alcaligenes
Laribacter hongkongensis
Arcobacter cryaerophilus
Cloacibacterium normanense
Dechloromonas sp. HYN0024
Denitratisoma sp. DHT3
Methyloversatilis sp. RAC08
Allcycllphllus denitrificans
Thauera sp. MZ1

] Magnetosplrlllum gryphiswaldense
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Pseudomonas mendocina
Ferriphaselus amnicola
Azoarcus sp. KH32C
Mlcrowrgula “aerodenitrificans
Bacteroidales bacterium CF
Desulfovibrio desulfuricans
Ottowia oryzae
Rheinheimera sp LHK132
Blautia sp. SC05|
Anaerostipes hadrus
Lachnospiraceae bacterium GAM
Bacteroides ovatus
Bacteroides caccae
Sutterella faecalis
Sutterella megalosphaeroides
Acidovorax sp. 1608163
Comamonas sp. NLF-7-7
Melaminivora SF SC2-9
Ottowia sp. oral taxon 894
Comamonas kerstersii
Burkholderiales bacterium YL45
Odoribacter splanchnicus
Bacteroides sp. A1C1
Parabacteroides distasonis
Bacteroides fragilis
Bacteroides thetaiotaomicron
Roseburia hominis
ECIoslndlum] bolteae
acteroides cellulosilyticus
Bacteriovorax stolpii
Prevotella oris
Prevotella intermedia
Prevotella denticola
Megamonas funiformis
Pseudomonas guangdongensis

In(abundance)
-2
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-8
[N

Hecht Manhole sampled combined flow from McDonald and Pentland Towers
Lakeside Village Manhole near dumpsters
Mahoney Manhole (drains southern part of Mahoney—Pearson)

Eaton Residential College (new manhole)
Eaton Residential College (old manhole)

Abundance of specific pathogens

Mahoney Pearson Manhole
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~ ZBB Medical UHealth Hospital NW 14 Street
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North Side of Gables (Services the north side of campus including Lakeside Village)

Pearson Residential College

Pentland Residential Tower

Rosborough Residential Tower
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Stanford Residential College Drains clusters of buildings

University Village Pump Station Drains clusters of buildings

University Village residences only

_’ Walsh Residential Tower

—

Escherichia coli
Pseudomonas aeruginosa
Neisseria gonorrhoeae
Neisseria meningitidis
Clostridium botulinum

| Staphylococcus aureus

Clostridium perfringens
Helicobacter pylori
Campylobacter jejuni
Staphylococcus epidermidis
Vibrio cholerae

Bordetella pertussis
Shigella sonnei
Enterococcus faecium
Bacillus anthracis

Bacillus cereus

Yersinia pestis
Haemophilus influenzae
Legionella pneumophila
Yersinia enterocolitica
Chlamydia trachomatis
Streptococcus pyogenes
Listeria monocytogenes 8
Clostridium tetani

In(abundance)

. -10

| Mycoplasma pneumoniae 12
Streptococcus agalactiae 11
Treponema pallidum l_16

Enterococcus faecalis
Streptococcus pneumoniae
Bartonella quintana
Francisella tularensis
Yersinia pseudotuberculosis
Leptospira interrogans
Corynebacterium diphtheriae
Brucella melitensis
Ureaplasma urealyticum
Mycobacterium tuberculosis
Brucella abortus

Chlamydia pneumoniae
Mycobacterium leprae
Leptospira weilii

Bartonella henselae
Staphylococcus saprophyticus
Leptospira santarosai
Mycobacterium ulcerans
Brucella canis

Brucella suis
Rickettsia rickettsii



= Eaton Residential College (new manhole)

=

= Hecht Manhole sampled combined flow from McDonald and Pentland Towers
Lakeside Village Manhole near dumpsters

Eaton Residential College (old manhole)

—
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— Mahoney Manhole (drains southern part of Mahoney-Pearson)

Masked reads (fungi)

North Side of Gables (Services the north side of campus including Lakeside Village)

= Miami-Dade County Wastewater Treatment Plant composite sample
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m Rosborough Residential Tower

= South Side of Gables 1

— Stanford Residential College Drains clusters of buildings
s==—L% University Village Pump Station Drains clusters of buildings

——

— South Side of Gables 2

= __—— = University Village residences only

I 1IIIII

Walsh Residential Tower

Trypanosoma brucei
Malassezia restricta
Hemiselmis andersel
Cercospora beticola
Cryptomonas paramecium
Stygiolobus azoricus
Candldatus Methanoplasma termitum
Methanomassiliicoccaceae archaeon DOK
Candldalus Methanomassiliicoccus intestinalis
Bigelowiella natans

Candidatus Methanomethylophilus alvus
Halobacterium salinarum
Salinigranum rubrum
Halobacterium hubeiense
Halodesulfurarchaeum formicicum
Halorubrum trapanicum
Halogeometricum borinquense
Salarchaeum sp. JOR-1

In(abundance)

Haloplanus rallus —1 0
Halorientalis sp. IM1011

Haloplanus aerogenes -12
Halobacterium sp. DL1 —14
Halopenitus persicus

haloarchaeon 3A1-DGR -16

Natrinema versiforme

Halorussus sp. RC-68
Halobacteriaceae archaeon HD8-45
Halalkaliarchaeum desulfuricum
Halomicrobium sp. LC1Hm
Natronolimnobius sulfurireducens
Halorubrum sp. PV6

Halorubrum ezzemoulense
Halorubrum sp. BOL3-1
Halomicrobium mukohataei
Haloprofundus sp. MHR1
Haloterrigena dagingensis
Halohasta litchfieldiae
Natronolimnobius aegyptiacus
Haloarcula taiwanensis
Natrinema sp. J7-2

Natrinema pallidum

Haloferax alexandrinus
Natronorubrum aibiense
Haloarculaceae archaeon HArcell
Haloplanus sp. CBA1112
Haloarcula sp. CBA1115
Natronorubrum bangense
HaoRaRGy S SPoBRIN 184

na oarcula hlspanlca

Hecht Manhole sampled combined flow from McDonald and Pentland Towers

== Eaton Residential College (new manhole)
Eaton Residential College (old manhole)
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mmm Lakeside Village Manhole near dumpsters

—— Mahoney Manhole (drains southern part of Mahoney—Pearson)

Mahoney Pearson Manhole

| Marine School RSMAS manhole

Unmasked reads (fungi)

pus including Lakeside Village)

Miami-Dade County Wastewater Treatment Plant grab sample combination of plant 1 and plant 2

Miami-Dade County Wastewater Treatment Plant composite sample
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Guillardia theta

Malassezia restricta

r | I r | "I II Trypanosoma brucei
“' it

.1: i

Bigelowiella natans
I Cryptomonas paramecium

Hemiselmis andersenii

I Cercospora beticola

I|II II

Schizosaccharomyces pombe

I | 'IIII

Sporisorium graminicola

Leishmania panamensis
Plasmodium malariae
Pichia kudriavzevii

Eremothecium sinecaudum

Pyricularia pennisetigena
Besnoitia besnoiti

Babesia bigemina
Plasmodium relictum
Sugiyamaella lignohabitans
Zygosaccharomyces rouxii
Plasmodium vivax
Fusarium venenatum
Pyricularia grisea
[Candida] glabrata
Saccharomyces eubayanus
Plasmodium coatneyi
Kluyveromyces lactis
Cryptococcus neoformans
Torulaspora delbrueckii

In(abundanc
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-10

-12

~14

-16



Integrating total genome coverage,
abundance statistics, and multiple taxonomic
classifiers

High confidence viral taxa based on
unique genome coverage

log10(abundance)
0

A

Bovine herpesvirus 5 strain SC507/99

Norovirus Gll.2 strain

Enterobacteria phage C-1 INW-2012

Cervis herpesvirus 2 strain Salla 82
Rotavirus A segment 11, complete genome

Klebsiella phage

Human coronavirus 0C43

Cervid alphaherpesvirus 3

Hecht Manhole sampled combined flow from McDonald and Pentland Towers
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Mahoney Manhole (drains southern part of Mahoney—Pearson)

Marine School RSMAS manhole

Mahoney Pearson Manhole

McDonald Residential Tower

= |\]edical Campus Batchelor's

= —— \lcdlical Campus Lois Pope

™ Medical UHealth Hospital NW 14 Street

Miami-Dade County Wastewater Treatment Plant composite sample

Miami-Dade County Wastewater Treatment Plant 2

North Side of Gables (Services the north side of campus including Lakeside Village)

Pearson Residential College

I ‘

kraken?2

Pentland Residential Tower
Rosborough Residential Tower

|
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=
—=

~“— South Side of Gables 1

™ South Side of Gables 2

= Stanford Residential College Drains clusters of buildings

s == Sy =Wl University Village Pump Station Drains clusters of buildings

== University Village residences only
B |

== Walsh Residential Tower

| Tomato brown rugose fruit virus

Pepper mild mottle virus

Tomato mosaic virus

Cucumber green mottle mosaic virus
Melon necrotic spot virus
uncultured crAssphage
Hubei picorna-like virus 62
Shuangao insect virus 7
Wuhan insect virus 23
Caulobacter phage phiCb5
Schlumbergera virus X
Cactus virus X

Pitaya virus X

Tobacco mosaic virus
Tomato mottle mosaic virus
Pseudomonas phage PaBG
Escherichia virus BZ13
Blueberry shoestring virus
Blueberry shock virus
Opuntia virus 2

Aeromonas phage pAh6-C
Acinetobacter phage Acj61
Turnip vein—clearing virus
Ribgrass mosaic virus
Melbournevirus

Southern bean mosaic virus
Citrobacter phage Margaery !
Escherichia virus RB43

Cucurbit chlorotic yellows virus
Mouse kobuvirus M-5/USA/2010
Papaya ringspot virus

Lactobacillus phage LL-H

Otarine picobirnavirus

Aeromonas virus Aeh1

Aeromonas virus 25

Pseudomonas phage PPpW-3
Human mastadenovirus
Invertebrate iridescent virus 6
Halovirus HRTV-5

Vibrio phage phi 1

Zahedan r%abdovirus

Lactococcus virus P008
Acanthocystis turfacea chlorella virus 1
Chrysochromulina ericina virus
Halovirus HRTV-8

Geobacillus virus E3

Megavirus chiliensis

In(abundance)
-1

-12
-14
-16

Vibrio phage VVAW1
Carnation mottle virus
Rehmannia mosaic virus



Thank you

Chris Mason Helena Solo-Gabriele
chm2042@med.cornell.edu hmsolo@miami.edu
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