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cryptic SARS-CoV-2 variant spread
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SARS-CoV-2 continues to evolve
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Overall percentage of sequenced cases (log scale)

Clinical sampling blind spots
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Overall percentage of sequenced cases (log scale)

Clinical sampling blind spots

«—Very Sparse Very Frequent —
b e o AUS
ISL ® eDNK
10 @ OTWN HKG. P
1 :. e e "¢ e é\éR
5
® g > o o® 3
o 5, pe 208" & 29 ﬁg(
0if—late— CURYE PAN IND
| ,‘i I - eg éq@ ® SBRA
0.01]
0.001+

ybiH AA—

«— MO AiBA

0

0.25 0.50 0.75 1.0

Frequency of sampling (proportion of epiweeks with genomes)

Brito, Semenova, Dudas et al., 2021

Proportion Total Tests
| Population (%)
| 045-0.73
[ o074-086
I 087-1.1
Bl 224

Minutesto I 2 M 20 W 60 '/ 120 360
Testing Site

Socioeconomic Status
Index Quartiles

1
I 2
.
. -

Lieberman-Cribbin et al., 2020

Rader, Astley et al., 2020



Wastewater as a promising alternative
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Large-scale wastewater surveillance

Viral RNA concentration step
* Expensive
Laborious
* Long turnaround time
Typically only very few samples can be

processed in a day
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High-throughput wastewater SARS-CoV-2 viral detection pipeline

Viral
particle

Magnetic
head

Magnetic
particle

Liquid-handling robot PCR amplification

concentrates and with SARS-CoV-2-
extracts viral RNA specific primers

Image courtesy: The Scientist Karthikeyan et al. mSystems 2021



Wastewater sampling: Campus + County

October 2020-Present July 2020-Present

November 2020-Present
Point Loma, Encina,

SASEA-Safer at school early
South Bay

RTL-Return to Learn
alert system

program

Samples processed: 45,492 Samples processed: 1010

Samples processed: 5911
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Total Catchment area :

35 elementary schools/child
~2.9 million residents

care centers

San Diego school districts
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Total: 52,4153


https://saseasystem.org/
https://returntolearn.ucsd.edu/dashboard/index.html




131 active autosamplers covering ~360
residence and non-residence buildings

Fall 2021: 18,000 residents in campus housing

Image credit: Erik Jepsen, UCSD, CBS 60 minutes, NYT
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AS950

10/12/2020 19:20:30

>< Wastewater Sample Collection :
Form

Asset UCSD ID *
C2M003

Scan Sample Barcode *

Z8 AS_090

Scan Autotester Barcode

22 AS090MARO?

Is a Sample Being Collected Today? *
@® VYes

No

What was the Sampling Method?
@® Composite

Grab

Sample
collection and
data logging

Autosamplers linked to
manhole and can be

read by phone app
directly

Samples scanned in by
field staff as and when
they get picked up



A day in the life of a sewage sample

@ 9:00am

150 Samples arrive at lab
‘ 10:30am

Viral concentration
‘ 12:00 pm

RNA Extraction
® 1.00pm

RT-gPCR sample plating
‘ 1:20pm

RT-qPCR run
@ 3.00pm Results

Hands-free

Normalization : PMMoV (fecal indicator) Automated wastewater viral concentration and extraction
Recovery: SARS-CoV-2 spike-ins from BSL-3 lab dx.doi.org/10.17504/protocols.io.bshvnb66



https://dx.doi.org/10.17504/protocols.io.bshvnb66

UCSanDiego | “%um Wastewater Monitoring

« Muttiple buildings can feed wastewater into one sample
* COVID-19 positive individuals self-reported to be present at potential exposure locations ®
* Whete can | get 3 COVID-19 Test?
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Additional Information L

Potential COVID-19 Exposure Locations c COVID-19 Test Kit Vending Machines : :Jj/

N i Total

Positivity Rate: 8/12/22  71.43% 21.43% 44.16%

Seven-day Average 62.62% 17.35% 40.98%



Early detection of 85% of cases on campus

Campus Surveillance

Move-in phase Jan 2021 Move-in phase Sep 2021

WW positivity (7 day avg)
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Karthikeyan et al.,https://doi.org/10.1128/mSystems.00793-21
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Return
| earn

B roade r ALL STUDENTS, ACADEMICS AND CAMPUS
. - STAFF AT UC SAN DIEGO
applications

Return to In-Person
Instruction

| am happy to report that UC San Diego is on
schedule to return to in-person instruction

As of today, vir

our proactive rapid antigen tests has
greatly reduced the need for isolation housing for

returning students




ASMSD_03-LILIR
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- fjuana
3601 -117.493731 Degrees

https://saseasystem.org/

SD School
Districts

35 sites were selected in
ZIP Codes with rates of
COVID-19 above the
county median and high
levels of social
vulnerability according to
the California Healthy
Places Index
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Safer at School Early Alert
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Daily Wastewater
monitoring

Daily Surface
monitoring

Weekly Diagnostic
testing


https://saseasystem.org/
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On-site testing consent rates increased through the study (students +
staff)



% cases associated with environmental signal

waslewaler

Environmental signal

was

T
tewater or surface

95% of identified cases
were associated with a
positive wastewater
sample

Fielding-Miller et al.
https://doi.org/10.1101/2021.10.19.21265226



Tracking viral
variants in
wastewater via
whole genome seq

PCR-based wastewater surveillance cannot identify
epidemiological transmission links or monitor lineages in the
population

Biggest Challenge: obtain good quality genome sequences
from environmental samples and accurately discern lineages

All wastewater positives sequenced-miniaturized sequencing
approach (1/12th volume) to enable sequencing of >1500
samples a week

Median SARS-CoV-2 Genome Coverage (WW): 96.053%



Higher viral diversity observed in wastewater
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Uncertainty associated with Number of single nucleotide
randomly sampling an allele variant (SNV) sites

Existing lineage calling methods require a single consensus sequence to perform assignment
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lineage defining mutations

Haplotype

Detection of Single Nucleotide Variants
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Freyja: tool to estimate relative abundance
of SARS-CoV-2 lineages from sequencing of
mixed-lineage samples

* SNV frequency estimation
* Depth-weighted de-mixing

nature

Explore content ¥ About the journal v  Publish withus v

nature > articles > article

Article | Open Access | Published: 07 July 2022
Wastewater sequencing reveals early cryptic SARS-
CoV-2 variant transmission

Smruthi Karthikeyan, Joshua |. Levy, Peter De Hoff, Greg Humphrey, Amanda Birmingham, Kristen
Jepsen, Sawyer Farmer, Helena M. Tubb, Tommy Valles, Caitlin E. Tribelhorn, Rebecca Tsai, Stefan
Aigner, Shashank Sathe, Niema Moshiri, Benjamin Henson, Adam M. Mark, Abbas Hakim, Nathan A.

Baer, Tom Barber, Pedro Belda-Ferre, Marisol Chacén, Willi Cheung, Evelyn S. Cresini, Emily R.

Eisner, ... Rob Knight &  + Show authors

Nature 609, 101-108 (2022) | Cite this article

104k Accesses | 8 Citations | 1095 Altmetric | Metrics



Mixedflin'eage 10 ° °
“spike-in”
construction Va ll datl o n
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Does it work on
Wastewater?

Sequencing Result

+

True Positives

+

Overall VOC =
qPCR

Result False Negative

1

False Positive
0

True Negative
80

Positive Predictive Value
100%

Negative Predictive Value
99%

Overall Rate of Agreement

99%

Variant Prevalence

gPCR VOC Detection
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San Diego County Surveillance

Epsilon

Alpha A

Delta A

Start of WW sampling

s

iFirst réported
:.Alpha in San Diego

@ Wastewater @ Clinical

First rleported
Delta in San Diego

Wastewater
samples show
earlier appearance
of VOCs

Dec 2021

Feb

Mar

Apr  May Jun Jul Aug  Sep

Timeline and epidemiological curves for VOC detection in county samples

Data from 31,149 nasal
swab sequences from SD
county and 734 wastewater
sequences



UCSD Campus Surveillance

Epsilon -
UCSD Campus
Alpha 7 data
Delta A Extended cryptic virus

spread during early Alpha
and Delta waves

'
- 1 Ll l L 1 T 1 T Ll

Dec 2021 Feb  Mar Apr  May Jun Jul Aug Sep

Timeline and epidemiological curves for VOC detection in the campus samples



San Diego County clinical surveillance

Campus clinical surveillance
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m Alpha Mlota MEta

M B.1.1318-like ™ Delta M Theta

1 B.1.617.1-like ®Mu M Lambda
¥ Beta M Zeta M Other

12 1
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24

Samples perday  Variant Prevalence
o
o
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Campus wastewater surveillance D1 ! San Diego County wastewater surveillance
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Samples per day

- b -

dec 2621 F'eb Mar A'pr May J;m Jlul A'ug S;ep

Dec 2021 Feb Mar A‘pr May Jun Jul A'ug Sép

WW identifies early,
cryptic transmission

Early identification of emerging
strains in WW (even with low
abundance in nasal swabs)

“Mu” detected in WW before
classification as VOI

Increases likelihood of identifying
missing links/areas where
transmission may have happened

Rare lineages observed in
wastewater



Mean viral gene copies/L
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The Omicron wave in San Diego
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https://searchcovid.info/dashboards/omicron-estimates/
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WW data

Trends captured earlier in wastewater (~10d)


https://searchcovid.info/dashboards/omicron-estimates/
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Real-time wastewater sequence

tracking

Rapid turnaround: 26h sample-sequence data

Wastewater lineages

100%
BA.4.6 (Omicron)
mmmm BA.2.75 (Omicron)
mess BA.S.X (Omicron)
80% BA.4.X (Omicron)
BA.2.12.X (Omicron)
BA.2.X (Omicron)

§ BA.1.1.X (Omicron)
9 60% BA.1 (Omicron)
[ wes B.1.1.529 (Omicron)
g.. Delta
- Other
c
8 40%
T
5
>
20%
o 0 0 0 © O
0 z z
gaaa8838zse
N8s3R gsx

1Z AON
8Z AON
S0 290
Z1 230
61220
9z %@qQ

20 uer

60 uer /
91 uer

gzuer
o€ uer |

S

90924 £

Scale by viral load l Scale by cases }

|August 10, 2022
BA.4.6 (Omicron) : 2%
| = BA.2.75 (Omicron) : 0%
BA.5.X (Omicron) : 88%
BA.4.X (Omicron) : 7% :
BA.2.12.X (Omicron) : 0%
| BA.2.X (Omicron) : 0%
BA.1.1.X (Omicron) : 0%
BA.1 (Omicron) : 0%
m B.1.1.529 (Omicron) : 0% |}

Delta : 0% 1
S Other : 3%
M T M T T T I PPPPITIT IS DL DL L LD
e & 3 v v v B8 9 908 vyawe ey §5S5 5 EE€E ¢
o b 88 9.8 ¥ X 22 2 8.9 s iR
= NN O NN O B oeN © = o= N u
LoV REBSNES VNI SEELNRBGANDGAWSSN S S

https://searchcovid.info/dashboards/wastewater-surveillance/



Hands-on prep
60-90min

Online status
tracking

Instruments

GNXS-0463

220811_WwW
Analysis Completed

lon Torrent™ GX5™ Chip

MAHKOOTI4241GX5, 4 lanes consumed

d .3 o

Run

220811 WwW

Serial Operator
2619121070463 GenexusAdmin
Started

Completed

2022-08-11 15:28 2022-08-1213:31

Details ~

Run

Library -result
21-25h
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Current and future extensions

Monkeypox

Surveillance &
WW surveillance ‘-"
at county-level

https://searchcovid.info/dashboards/wastewater-surveillance-mpx/

High-throughput RNA-Seq
Untargeted longitudinal metatranscriptomics of
WW data
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Thank you

Knight Lab WW processing team:

Helena Tubb, Tommy Valles, Rebecca Tsai,
Caitlin Tribelhorn, Sawyer Farmer, Greg
Humphrey, Madison Ambre, Clare Lawless
UCSD RTL Team

Expedited COVID IdenTification Environment
CLIA (EXCITE) Lab at UCSD

Institute of Genomic Medicine, CCBB (UCSD)
Facilities Management, HDH, EHS

NIH)

National Institutes
of Health



Code deployment and usage

CONDA

staphb/freyja *

By staphb « Updated 14 days ago
Freyja: recover relative lineage abundances from mixed SARS-CoV-2 samples from a sequencing dataset

Overview Tags




