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Responding to a new global viral pandemic
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China pneumonia outbreak: Mystery
virus probed in Wuhan
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Coronavirus pandemic
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The outbreak has occurred in the city of Wuhan

Chinese authorities have launched an investigation into a mysterious viral
pneumonia which has infected dozens of people in the central city of Wuhan.



US distribution of cases
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Regulatory hurdles prevented early SARS-CoV-2 testing in the US

NEW YORKER

THE COROMAVIRUS CRISS The Latest  Treatment and Testing Economic Impact What to Do at Home F.A.Q.s

NEWS DESK

WHAT WENT WRONG WITH CORONAVIRUS
TESTING IN THE U.S.

By Robert P. Baird
March 16, 2020

Traveler
OUR 33RD ANNUAL

READERS' CHOICE AWARDS
SURVEY IS LIVE!

For Your Favorite Country, City, Island,
Hotel, Cruise, Airline, and More...

In February, as a first set of covin-19 test kits sent out by the Centers for Disease Control failed to work
properly, labs around the country scrambled to fill the void. Photograph Courtesy the C.D.C.

n February 5th, sixteen days after a Seattle resident who had visited
O relatives in Wuhan, China, was diagnosed as having the first confirmed
case of covinp-19 in the United States, the Centers for Disease Control, in
Atlanta, began sending diagnostic tests to a network of about a hundred state,
city, and county public-health laboratories. Up to that point, all testing for



UW Virology was the first academic lab in the US to offer testing
for SARS-CoV-2

UW Medicine gets green light to test for coronavirus
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" When Coronavirus Struck Seattle, This
. Lab Was Ready To Start Testing
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3 10f3 | Amedical lab scientist at UW Medicine in Seattle shows a collected nasal swab sample from Washington
to be tested for the novel... (Ken Lambert / The Seattle Times) More ~




Seattle flattened the curve

Figure. SARS-CoV-2 Positivity Rates and Amount of Samples Tested at Outpatient and Emergency Department Settings in Washington State
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UW sequencing capability would have allowed discovery of SARS-CoV-2
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Sequencing provides understanding of COVID-19 spread
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Figure 2. Phylogeny of 346 SARS-CoV-2 viruses collected from Washington State (red circles) on a
background of globally collected viruses. Clustering of related viruses indicates community transmission
after an introduction event. In addition to the estimated January introduction of the large outbreak clade
we see later introduction events (marked by arrows) resulting in smaller community outbreaks
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Early experience with hospitalized patients

The NEW ENGLAND JOURNAL of MEDICINE
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Covid-19 in Critically Ill Patients
in the Seattle Region — Case Series
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Figure 2. Outcomes for Individual Patients Included in the Case Series.

Do-not-resuscitate (DNR) designates orders that were in place before hospital admission. As of March 23, 2020, a
total of 12 patients (50%) had died. Six patients who had received mechanical ventilation had been extubated and
three patients remained intubated. Five patients had been discharged from the hospital. All the patients had at least
14 days of follow up. Dashed red lines indicate censoring of data.




Inpatient length of stay (days)

Viral load at presentation is an important prognostic factor
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Mortality 3
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Antibody (serologic) tests for COVID-19

Testing for antibody gives a historic record of infection
status

Population-based studies of SARS-CoV-2
seroprevalence

Inform public health policy /recommendations

In very select circumstances, as an adjunct to primary
diagnosis

Support of research into immunity and vaccines
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Serologic assays — prediction of protective immunity
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Expanding access to COVID testing: sample pooling
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Expanding access to COVID testing: CRISPR-based methods
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Expanding access to COVID testing: antigen testing

BinaxNOW™ COVID- Comparator Method
19 Ag Card Positive Negative Total
Positive 34 1 35
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e’re not done with SARS-CoV-

L Medlc]ne W Virology COVI Dashboard Sequencing Informatiol

Overview

This dashboard shows the overall daily testing volumes for COVID-19 performed at UW Virology in UW Medicine’s Department of Laboratory Medicine. Greater than 95% of the testing volume reported in this dashboard is performed for individuals whose samples were collected in the state of Washington. We
receive test orders from a variety of settings and locations including inpatients, outpatients, employee health, and community health screening settings. This dashboard excludes testing performed for individuals whose samples we have received for research studies.

Inconclusive and positive results are added together to compute the positivity rate.

Data Last Updated: 2021-05-03

Total samples tested to date:
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Daily samples tested on 2021-05-03:
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Daily Statistics
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The future of the fight against SARS-CoV-2

Variants continue to arise and account for an increasing proportion of infections — UW
Virology is now sequencing essentially all positives

Demand for RT-PCR and other types of direct testing likely to continue as school and
economic activity resumes, and as additional waves of infection occur

Demand for serology likely to increase now that data is available that positivity
correlates with protection from disease

Therapeutic pipeline is uncertain (late diagnosis, substantial immunopathological
component)

Vaccines are highly protective, including against variants, but “herd immunity” many
prove an elusive goal



Responding to a (very) old global viral pandemic

HSV-1 infected our hominid ancestors about 6M years ago (before we diverged from chimps)

HSV-2 was transferred from ancient chimpanzees to our ancestors (Homo erectus) ~1.2 million
years ago

HSV-1 seroprevalence >50%; HSV-2 ~14% (US)

Establishes lifelong latency in the trigeminal or dorsal root ganglia

Recurrent orofacial or anogenital ulceration, encephalitis, keratitis, neonatal disease
Clinical recurrences range from almost 0 to >12/year

Current therapies suppress the virus, but do not cure because of latent virus
Vaccine efforts have been unsuccessful

HSV
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Our toolbox: gene-editing enzymes

Zinc finger nuclease

2 ORFs
~1.6 kb coding sequence
Leaves 5' overhangs
Relatively simple retargeting
Moderately high specificity
Moderately difficult vectorization/delivery

TAL effector nuclease

2 ORFs
~2.7 Kb coding sequence
Leaves 5 overhangs
Very simple retargeting
High specificity
Difficult vectorization/delivery

REC2
domain 53
sgRNA guide

= ) 7
X ‘:’ﬁJTelraloop

Target DNA
Bridge helix

P1 domain

Nishimasu et al, Cell 2014

Meganuclease CRISPR/Cas
1 ORFs 1 ORF + guide RNA
~0.8 kb coding sequence >3.3 kb coding sequence
Leaves 3’ overhangs Leaves blunt ends

More difficult retargeting
High specificity
Easiest vectorization/delivery

Trivial retargeting
Specificity controversial
Difficult vectorization

modified from Schiffer et al, J Virol 2012



Our meganucleases farget HSV

« Once they enter a cell, our
meganucleases search for a very specific
sequence in the HSV genome

« If they find it, they cut the DNA there

« Since the HSV sequence is very different
from the human genome, human DNA is
left alone

» The cell recognizes the break in the HSV
genome and repairs it

» This can lead to deletions of part of HSV,
knocking out essential viral functions



Meganucleases can edit HSV in vitro
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In vivo mutagenesis of latent HSV
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Optimized two-MN treatment leads to >90% reduction of HSV
genomes in SCG
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Gene editing and elimination of latent herpes
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The future of the fight against HSV

* Increasing the efficacy of the gene editing approach
* More readlistic animal models
* Effect on viral shedding

* Efficacy against genital infection

* Aiming for human clinical trial in 2023-2024
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UW Virology sequencing — predominant strains

L Medicine rology COVID-19 Dashboard Sequencing Infor

Qverview

Asubset of positive samples collected from all SARS-CoV-2 PCR collection locations served by UW Virology is directed to viral genomic sequencing to identify SARS-CoV-2 variants. This data represents most of the samples sequenced for surveillance purposes since December 2020. Information about the
variants of concern is available on the CDC website.

Total Samples Sequenced: Confirmed B.1.429/B.1.427 (California) Variant Samples: Confirmed B.1.1.7 (UK) Variant Samples: Confirmed P.1 (Brazil) Variant Samples: Confirmed B.1.351 (South Africa) Variant Samples:

7669 1807 1365 258 29

Weekly Proportions of Variants of Concern
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