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AFM Etiology?

m No infectious agents of clinical significance identified in CSF
- Including metagenomic next-generation sequencing

m No poliovirus in CSF, stool, rectal samples
m No WNYV or other arboviruses detected

m In 2014 and 2016, EV-D68 most common pathogen detected from
non-sterile sites (primarily respiratory)

Sejvar, J. J., et al. (2016). "Acute Flaccid Myelitis in the United States-August - December 2014: Results of Nation-Wide Surveillance." Clin Infect Dis.
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Is EV-D68 a Cause of AFM?

Number of confirmed U.S. AFM cases reported to CDC by month of onset,

August 2014 - March 2019

CA Longitudinal Surveillance:
AFM incidence 0.028/100K >

>5X during 2014 EV-D68

outbreak (p<0.001)
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https://www.cdc.gov/acute-flaccid-myelitis/afm-cases.html
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https://www.cdc.gov/acute-flaccid-myelitis/afm-cases.html

Diagnostic Tools in Microbiology

m Culture
m Nucleic Acid Testing (e.g. PCR)

m MALDI (matrix-assisted laser desorption ionization)
spectrometry

m Electron Microscopy (rarely used)
m Antigen Testing

m Metagenomic Sequencing

m Serology (Antibody Testing)

m Host Response Biomarkers

Centers for Disease Control and Prevention (2015). Poliomyelitis. Epidemiology and Prevention of Vaccine-Preventable Diseases 13th Edition. J. Hamborsky, A. Kroger and S. Wolfe. Washington D. C., Public Health Foundation.



Diagnostic Tools in Microbiology
(Infectious Causes of AFM)

m Culture — not done for routine diagnostics

m Nucleic Acid Testing (e.g. PCR) / CRISPR-based detection — diagnosis
in acute phase (>7 days); respiratory secretions and stool, not CSF

m MALDI — bacterial/fungal detection only

m Electron Microscopy — not used for routine diagnostics

m Antigen Testing — unexplored area, includes metabolomics

m Metagenomic Sequencing — rule out other causes?

m Serology (Antibody Testing) — utility for CSF or serum (?)

m Host Response Biomarkers — may allow detection in “window period”

Centers for Disease Control and Prevention (2015). Poliomyelitis. Epidemiology and Prevention of Vaccine-Preventable Diseases 13th Edition. J. Hamborsky, A. Kroger and S. Wolfe. Washington D. C., Public Health Foundation.



AFM Reported Cases-2020
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. Reported AFM cases

No reported cases

Thus far in 2020, there have been 9 confirmed cases in 6 states and the District of Columbia.

https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html



https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html

AFM Reported Cases-2018

. Reported AFM cases

No reported cases

In 2018, there were 238 total confirmed cases in 42 states. One of the confirmed cases is a foreign resident (based
on the country of usual residence) and therefore not included in the state map.

https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html



https://www.cdc.gov/acute-flaccid-myelitis/cases-in-us.html

Enterovirus Detection in CSF, Respiratory, Stool samples

Vital Signs: Surveillance for Acute Flaccid Myelitis — United States, 2018

Weekly / July 12,2019 / 68(27);608-614

TABLE 2. Laboratory results from cerebrospinal fluid (CSF), respiratory, and stool specimens collected from patients with confirmed acute
flaccid myelitis (N = 233) — United States, 2018

No. with specimens available

Specimen source (% of 233) No. (%) positive Positive test results (No.)
CSF 74 (32) 2/74 (3) EV-A71 (1)
EV-D68 (1)
Respiratory 123 (53) 54/123 (44) EV-D68 (30)
EV-A71 (10)
Other/Untyped EV/RV (14)
Stool 100 (43) 13/100(13) EV-D68 (1)
EV-A71 (2)

Echovirus 11 (1)
Coxsackievirus (3)
Parechovirus (4)
Other/Untyped EV/RV (2)

Abbreviations: EV = enterovirus; RV = rhinovirus.

Weekly / July 12, 2019 / 68(27);608-614



Multiplexed Viral PCR Testing Cannot

Discriminate Rhinoviruses from Enteroviruses

Organtsm aobroviton) | Caiation e | e i
Adenovirus (AdV) Adenovirus (DNA) ';3:: n“]”;’r‘{‘,‘f’ o ety i’:‘n" 000 & rcrntsedt
gaﬁ’;‘m&%f%‘mszzga Coronavirus (RNA) Winter, spring?-% Children, adults®3
Enterovirus (EV) Picornavirus(RNA) Summer, early fall All ages®

Human Rhinovirus (HRV) Picornavirus (RNA) Fall, spring® All ages!®

S MatapiasTovEUS Paramyxovirus (RNA) Winter, early spring!’! Children!”)

(hMPV)

Influenza A (Flu A)

All ages ¥, 5-20 % of US

- i i 8
ﬁ;)t)types H1, H1-2009, and | Orthomyxovirus (RNA) Winter population®!
; : All ages ¥, 5-20 % of US
8 '
Influenza B (Flu B) Orthomyxovirus (RNA) Winter populationt®
i ; A Fall, periodicity of 1-2 Infants, young children,
Parainfluenza Virus 1 (PIV1) | Paramyxovirus (RNA) years!10) immunocompromised!1d
Parainfluenza Virus 2 (PIV2) | Paramyxovirus (RNA) E8l EUDOEhy. o 1% Infants, young chlldren,

years!']

immunocompromised!'®]

Parainfluenza Virus 3 (PIV3)

Paramyxovirus (RNA)

Spring, summer!'

Infants, young children,
immunocompromised (1%

Parainfluenza Virus 4 (PIV4)

Paramyxovirus (RNA)

Unknown

All ages('

Respiratory Syncytial Virus

Paramyxovirus (RNA)

Winter, varies by

Children, older adults!2-13

FilmArray target No. (%) of specimens

With target Confirmed EV-D68 positive EV-D68 negative
Human rhinovirus 1,4 22 20 (41) 2 (5)
Human rhinovirus 1,2,4 19 17 (34) 2 (5)
Human rhinovirus 4 13 7 (15) 6 (15)
Human rhinovirus 1,2,3,4 27 5(10) 22 (55)
Human rhinovirus 3,4 4 0(0) 4(10)
Human rhinovirus 1,2 2 0(0) 2 (5)
Human rhinovirus 1 1 0(0) 1(2.5)
Human rhinovirus 2,4 1 0(0) 1(2.5)
Enterovirus 1 0 0(0) 0(0)
Enterovirus 2 0 0(0) 0(0)
Total 89 49 (100) 40 (100)

Shibib, et al., (2016), JCM, 54(2):457-459

(RSV) location!'>13l
Bordetella pertussis Bacterium (DNA) No peak season All ages!'¥)
. . ” Older children, young adults,
Chlamydophila pneumoniae | Bacterium (DNA) No peak season immunocompromisedt’®
Outbreaks most common {
[16-
Mycoplasma pneumoniae Bacterium (DNA) in summer, outbreak Sllder children, young adults

periodicity 4 — 7 years
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'iﬁ Check for updates

CRISPR-Cas12-based detection of SARS-CoV-2

James P. Broughton®'’, Xianding Deng?37, Guixia Yu??, Clare L. Fasching', Venice Servellita?3,
Jasmeet Singh', Xin Miao', Jessica A. Streithorst?, Andrea Granados?3, Alicia Sotomayor-Gonzalez?3,
Kelsey Zorn*, Allan Gopez? Elaine Hsu?, Wei Gu?, Steve Miller?, Chao-Yang Pan®, Hugo Guevara®,
Debra A. Wadford®, Janice S. Chen™'™ and Charles Y. Chiu 2365

An outbreak of betacoronavirus severe acute respiratory syn-
drome (SARS)-CoV-2 began in Wuhan, China in December
2019. COVID-19, the disease associated with SARS-CoV-2
infection, rapidly spread to produce a global pandemic. We
report development of a rapid (<40 min), easy-to-implement
and accurate CRISPR-Cas12-based lateral flow assay for
detection of SARS-CoV-2 from respiratory swab RNA extracts.
We validated our method using contrived reference sam-
ples and clinical samples from patients in the United States,
including 36 patients with COVID-19 infection and 42 patients
with other viral respiratory infections. Our CRISPR-based
DETECTR assay provides a visual and faster alternative to the
US Centers for Disease Control and Prevention SARS-CoV-2
real-time RT-PCR assay, with 95% positive predictive agree-
ment and 100% negative predlctlve agreement

N W L BN i AR el e AT 4 LT

COVID-19 in the United States, on 28 February 2020, the US Food
and Drug Administration (FDA) permitted individual clinically
licensed laboratories to report the results of in-house-developed
SARS-CoV-2 diagnostic assays while awaiting results of an EUA
submission for approval®.

Here we report the development and initial validation of a
CRISPR-Casl2-based assay’* for detection of SARS-CoV-2
from extracted patient sample RNA, called SARS-CoV-2 DNA
Endonuclease-Targeted CRISPR Trans Reporter (DETECTR). This
assay performs simultaneous reverse transcription and isothermal
amplification using loop-mediated amplification (RT-LAMP)"
for RNA extracted from nasopharyngeal or oropharyngeal swabs
in universal transport medium (UTM), followed by Casl2 detec-
tion of predefined coronavirus sequences, after which cleavage of a
reporter molecule conﬁrms detectlon of the virus. We ﬁrst designed

DAURUIIORS. ' BINIVOURD.: « UL R, o ' (ORI DN (.~ [}, & 7 SUUIGINDL, USRI V. S ISR -

April 14th, 2020

(collaboration with Mammoth
Biosciences, Inc.)
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A CRISPR Based Test for SARS-CoV-2

SARS-CoV-2 DETECTR
/ -~ gj -
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Nasopharyngeal Extracted amplification . Cas12 complexed with Lateral flow
swab viral RNA (RT-LAMP) > SARS-CoV-2 gRNAs visual readout
I o o o e o . e o e o T e J
10 min, manual extraction (1-8 samples) 3040 min 2 min
60 min, automated extraction (up to 48 samples)
CDC qRT-PCR CDC qRT-PCR Control  Test
positive negative N gene
RNA
DETECTR positive or as 0
presumptive positive
+
DETECTR negative 2 42 -
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(38 of 40 = 95%) (42 of 42 = 100%) (Broughton, et al., 2020, Nature Biotechnology, DOI: 10.1038/s41587-020-0513-4)



https://doi.org/10.1038/s41587-020-0513-4

Clinical Validation and Next Steps

SARS-CoV-2 DETECTR
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(Servellita, et al., 2020, manuscript in preparation)



Metagenomic Sequencing

Clinical Laboratory

[ S Clinical
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Metagenomic Next-Generation Bioinf .
Sequencing ioinformatics
'] | | . Y
Lower healthcare costs Cost-effective and actionable information for
Improved patient outcomes < early treatment
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ATCGCGAGACT

GCATACGTACGCATACTGCA
CAGTCAGCATCGATCATTCAGGC
GCATCAGCGTAACGATCGGCATCGA
CTGCGATCGATCGATCGTACTGACTG
CTCTATCGTCACATGAGCTAGCTAC
GCGCGCTATAGCGCATCTAACGTCA
CCGATAGCTAGACTAGCATCACTAGC
TACGCGCCGACTACGCGATCAGATCGC

CGCGAGCGGAACCCGCGCT/ TGACC
GCGCGCATCAGATAGCGCG TATA
GCGOCCACGCGATCGAGCTA
ACTCAGTACGCATGC
GTACGACTGACTCAC C-AGCA
TCGCGAGACTCGAGCAT AGCG
CGATGCTGACTAGCTGC \TCG/
CTATGCTATGCTGACT
GTACGTCAGTCACGCGC

AGC
GCGAGACTCG ACGT
CGTACGTCAGT (o'
TCGCGATCTAG
GCGACCATCG

CATACGTA
GGFECGA

ATACGCATCAGCATACGCZGCGA
GATCTAGACGTCATATCTCTAT
TCGATCGATAGCGATCCGATC
CCTATATTTAGAGCGCC ‘¢
CATCGATC \TTACGCGC(
TCchcd GATAGCG(
CCAAC AGCGAT
CGCAT/ TGCATGA




CLIA-Validated mNGS Assay at UCSF

w Center for Next-Gen . . .
Precision Diagnostics For Providers ForPatients  Technology  Our Vision

Our Diagnostic Lab

Only at UCS{E the next generation of diagnostic tests.

The UCSF Clinical Microbiology Laboratory offers a validated
test for diagnosis of meningitis /encephalitis from cerebrospinal
fluid in our CLIA-certified laboratory. Results are interpreted by
laboratory physicians, and consultation services are available

http://nextgendiagnostics.ucsf.ed

Fav Neacidd avn

upon request.


http://nextgendiagnostics.ucsf.edu/

Case Report from Cleveland Clinic

70 y/o male with mild dementia x 1 year

Over past month, rapid decline until he became akinetic and mute
No inflammatory changes on MRI or in CSF but fever x 3 weeks
Treated with |V solumedrol and plasmapheresis

Negative autoimmune encephalitis workup

History of non-Hodgkin's lymphoma s/p chemotherapy, last cycle 2-3
years ago, also treated with Rituxumab

From a rural area but not very active

With Dr. Carlos Isada, MD
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mNGS239 JT 200508 Sequencing SURPI+ files Heat maps Krona plots

? Select file: Orthobunyavirus Bunyamwera_virus 17225332 species ¢ Series: @ Coverage @ Percent identity Shading: & min/max

Bunyamwera virus (gi|17225332|, 943 bp)

Bunyamwera virus segment S, complete sequence

Assembled from 15 reads; displaying actual
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100% 2e-43 98.11% MH484323.1
100% 2e-43 98.11% NC_043647.1
Potosi virus nucleocapsid (N).and small non-structural protein (NSs) genes, complete cds 185 185 100% 2e-43 98.11% AY729652.1
Maguari virus strain CoAr 3363 segment S, complete sequence 132 132 89% 3e-27 91.58% KX100106.1
Cache Valley virus isolate CVV-078 nucleoprotein and NSs protein genes, complete cds 132 132 89% 3e-27 91.58% GU018034.1
Cache Valley virus isolate CVV-002 nucleoprotein and NSs protein genes, complete cds 132 132 89% 3e-27 91.58% GU018033.1
Cache Valley virus isolate R103016b segment S, complete sequence 126 126 89% 2e-25 90.53% MK861965.1
Cache Valley virus strain MNZ-92011 nucleoprotein and NSs protein genes, complete cds 126 126 89% 2e-25 90.53% KC436108.1
Cache Valley virus isolate CVV-390 nucleoprotein and NSs protein genes, complete cds 126 126 89% 2e-25 90.53% GU018036.1




Potosi virus

Orthobunyavirus first isolated from Aedes albopictus mosquitoes in Potosi,
MO, in 1989

Subsequent isolations in lllinois, Michigan, Ohio, and the Carolinas,
northeastern United States (Armstrong, et al., J Med Entol, 2005, 42(5): 875-
881)

Never described in human iliness

Close relative, Cache Valley virus recently described in case reports of
chronic meningoencephalitis in patients with SCID and on Rituxamab

(( ,
)

With Dr. Carlos Isada, MD


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5546801/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6037180/
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Antibodies to Enteroviruses in Cerebrospinal Fluid of Patients with Acute

Testin g) Flaccid Myelitis
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Pan-Serological Approaches for Diagnosis of Infections
using Phage Display Immunoprecipitation and Sequencing

target proteins split into peptides >1 million

cloned into

human protein -
N 49AA=| \——-—— %/’\\ T\
24 AA — N\ %% \ %ﬁ

Joseph
DeRisi,
PhD

=1 Michael
- ¢ Wilson,
’d MD

]

Schubert, et al., 2019, Nature Medicine, 25(11):1748-1752.




Enterovirus
Immunoreactivity In
Acute Flaccid
Myelitis

Ryan Michael
Schubert, Wilson,
MD MD

Schubert, et al., 2019, Nature Medicine, 25(11):1748-1752.
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The “Window Period” of Infection

Viral RNA

@
3
2
E
Days Since Onset of Symptoms
< > < >
Direct detection (e.g. PCR) < > Indirect detection (e.g. serology)
Usually cannot detect in CSF May not be EV-D68-specific,
Cannot discriminate enteroviruses/rhinoriuses “window period” Not as useful in acute infection

Difficult to routinely test
Liu, et al., 2020, Microbes and Infection, doi: 10.1016/j.micinf.2020.05.008
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Host-Based RNA-Seq
Classifier

(Viral Meningitis Versus
Enterovirus-Associated AFM)

Based on 185 differentially expressed genes
Only includes AFM for which a virus was

found 2
Misclassified samples: £
MNA 362: Enterovirus B

MNA 384 CMV

MNA 426: CMV

MNC_311: WNV

MNA _ 228: WNV 08

Out of 45 viral samples, 18 AFM samples:

Sensitivity = 100%
Specificity = 88.8%
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CSF Host Response Profiling Discriminates Enterovirus
Signatures in Acute Flaccid Myelitis
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EV-A71-associated AFM
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Differentially Expressed Genes Between
EV-D68 and EV-A71 Infection

Initial pathway analysis:
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A71 - D68 Classifier
(training set)

1 Missed call:

GY_AFP2014_15 (D68) -> A71
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A71 - D68 Class
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D68 Classifier

(test set)
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A71 - D68 Classifier
(test set)

Neural Net Model

D68: 3/4 =75%
A71 AFM: 3/3
A71 Meningitis: 7/9=77.7%

Overall Accuracy: 13/16 = 81.25%

D68:
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Conclusions

Diagnostic testing for AFM is challenging
- diagnosis is currently based on a clinical case definition

PCR testing alone is likely insufficient
- Negative testing from CSF
- Cannot discriminate rhinoviruses from enteroviruses
- Difficult to routinely test early in the disease course

Indirect testing methods are needed
- CSF antibody testing and “host response” testing during the window
period of infection
Timely diagnosis is critically important

- more aggressive interventions may be indicated if diagnosis of EV-D68
can be made eatrlier



Looking at the host genes in AFM
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