From:
Sent:
To:

Cc:
Subject:

Munster, Vincent (NIH/NIAID) [E]

Mon, 27 Apr 2020 09:42:27 -0600

LaTrielle, Sara

Kwe Claude, Yinda (NIH/NIAID) [F]; Plowright, Raina
Re: RML update to DARPA

Would bullet points work? If so

Modeling of surface and fluid environmental stability of SARS-CoV-2 in human respiratory tract
fluids

Modeling of surface and aerosol environmental stability of SARS-CoV-2 under conditions
mimicking winter, summer and indoors

SARS-CoV-2, decontamination of PPE, including re-use of N95s (under review EID)
Rhesus macaque animal model development (accepted Nature)

Analyses of SARS-CoV-2 spike using pseudotype systems

Vaccine development (ChadOx1 COVID19), currently in phase 1 clinical trials

Antiviral development (remdesivir) against SARS-CoV-2 (submitted)

Small animal model development (hamsters and mice)

SARS-CoV-2 surveillance in Republic of the Congo and Ghana (part of WHO framework)
Vaccine development J&J (Adenovirus) and Curevac (mRNA vaccine)

Published:

Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor usage for SARS-
CoV-2 and other lineage B betacoronaviruses. Nat Microbiol. 2020.

Munster VJ, Koopmans M, van Doremalen N, van Riel D, de Wit E. A Novel Coronavirus
Emerging in China - Key Questions for Impact Assessment. N Engl J Med. 2020;382(8):692-4.

van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, Tamin A,
Harcourt JL, Thornburg NJ, Gerber SI, Lloyd-Smith JO, de Wit E, Munster VJ. Aerosol and Surface
Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N EnglJ Med. 2020.

Judson SD, Neeltje van Doremalen, Munster VJ Stability and Viability of SARS-CoV-2, reply of the
authors. NEJM 2020

Vincent J. Munster, Friederike Feldmann, Brandi N. Williamson, Neeltje van Doremalen, Lizzette
Pérez-Pérez, Jonathan Schulz, Kimberly Meade-White, Atsushi Okumura, Julie Callison, Beniah
Brumbaugh, Victoria A. Avanzato, Rebecca Rosenke, Patrick W. Hanley, Greg Saturday, Dana
Scott, Elizabeth R. Fischer, Emmie de Wit. Respiratory disease and virus shedding in rhesus
macaques inoculated with SARS-CoV-2. Nature accepted.

From: "LaTrielle,Sara"< ®6©

Date: Monday, April 27, 2020 at 9:21 AM

To: '

Cc: "Kwe Claude, Yinda (NIH/NIAID) [F]"< ®® "plowright, Raina"
< ®6

Subject: RML update to DARPA



Vincent and Kwe,

Can you provide a brief update in regards to your COVID19 work in the last few weeks? | get
some of RML updates via UCLA- but it would be great to get a few sentences each Monday that
we can submit- per DARPA's request for weekly (but very brief) updates. Does this work for
your team?

Best,

Sara LaTrielle
Program Manager

PREEMPT Project
Montana State University

®) (6)



From: Letko, Michael (NIH/NIAID) [F]

Sent: Fri, 24 Apr 2020 23:18:09 +0000

To: Schountz, Tony

Cc: Munster, Vincent (NIH/NIAID) [E]
Subject: Re: SARS2 spike entry with Artibeus ACE2

If you want the data, let me know. I can even provide you some western blots.

-michael

Michael Letko, Ph.D

Postdoctoral IRTA

Dr. Vincent Munster Laboratory

Virus Ecology Unit, Laboratory of Virology
Rocky Mountain Laboratories

NIAID/NIH

903S 4th Street

Hamilton MT 59840

On Apr 24, 2020, at 4:49 PM, Schountz,Tony < ®6 yrote:

Hi Michael, thanks much for the figure. That is very, very cool! Congrats on the findings.

T

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

On Apr 24, 2020, at 4:07 PM, Letko, Michael (NIHNIAID) [F]< ®®

wrote:

Hi Tony,

[ want to thank you again for providing us with the Artibues cells we used in our paper!



Attached is some data that Vincent told me you may find interesting. I have recently tested our
pseudotype system with Artibeus jamaicensis ACE2 and see clear entry with SARS2 and
significantly less entry with SARSI. I have repeated this experiment a few times and with
different DNA clones of Artibeus ACE2, and these results seem consistent. M

<image.jpg>
Am always eager to discuss data if you’re interested.
Hope all is well.

Regards,
-michael

Michael Letko, Ph.D

Postdoctoral IRTA

Dr. Vincent Munster Laboratory

Virus Ecology Unit, Laboratory of Virology
Rocky Mountain Laboratories

NIAID/NIH

903S 4th Street

Hamilton MT 59840

- &6




From: Munster, Vincent (NIH/NIAID) [E]

Sent: Fri, 24 Apr 2020 08:21:07 -0600

To: Laing, Eric

Cc: Broder, Chris (USU-DoD); De wit, Emmie (NIH/NIAID) [E]
Subject: Re: SARS-CoV-2

We don't

you mean using these finger prick devices to determine suitability for your luminex?

We could, but would need to put an dedendum in asap, to collect some blood using these devices. We
have some vaccinated NHP sitting, so that might be an option (but would need these devices asap).

Btw, let me know if you have a bead panel ready to rumble, more than eager to set-it up over here and
have Steph run our Congo (and Jordan and Oz) bat samples on them. We are getting some human
samples in as well and are part of the WHQO solidarity Il program (with sites in Congo and Ghana) for
human serosurveillance.

Cheers,

Vincent Munster, PhD

Chief Virus Ecology Section
Rocky Mountain Laboratories
NIAID/NIH

From: Eric Laing <10 @O

Date: Friday, April 24, 2020 at 8:13 AM

To: ' NNOE ee
Cc: "Broder, Chris (USU-DoD)"<®® Emmie De wit

Subject: Re: SARS-CoV-2

Hi Emmie and Vincent,

Are you collecting any NHP dpi blood with Mitra devices? I’'m wondering if there’s a way to pilot
extraction and antibody testing with control animal samples before receiving human samples.

Eric

On Mon, Apr 20, 2020 at 2:03 PM Laing, Eric<. ®® wrote:

Emmie, that just blew my mind. Can you imagine the conspiracy theories that would pop up from that?



Vincent, yes, we are supporting a serology arm of an IDCRP study and will start screening
acute/convalescent sera from military treatment facilities that should be arriving shortly. Based on
sample size, Chris reached out a biotech to help us acquire enough transient expressed S proteins.

Chris is going to pitch a larger CoV S trimer panel for immediate use and then downstream surveillance.
Our wish list has SARS-1, SARS-2, 4 HCoVs, MERS, bat SARS-2-like ZXC21, HKU9 and bat MERS-like PDF-
2180 (pipistrelles seq from Simon's paper). We have WIV16 S on our wish list, but I'm wondering now if
it's too similar to SARS-CoV to be very interesting. We already have Rs4874 in our expression system
which is in that WIV16 clade of SARS-CoV bat progenitors. Any others you think we are missing? We also
have RaTG13 in our system, but | think ZXC21 will be more interesting.

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cel:l  ®®

office: | ®) (6)

lab:F 0 ®©)

| ®©

On Mon, Apr 20, 2020 at 10:24 AM Munster, Vincent (NIH/NIAID) [E] < ® 6
wrote:

Pretty cool,

Can’t wait to throw some of our Congo bat sera on this panel! Are you trying to transfer to human
serology as well?



Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Emmie De wit LI OO

Date: Monday, April 20, 2020 at 7:50 AM

To: Eric Laing N S
Cc: "Williamson, Brandi (NIH/NIAID) [E]"<C ®® "Shupert, W. Lesley
(NIH/NIAID) [E]"< " ®® "Broder, Chris (USU-DoD)"
< o6

Subject: RE: SARS-CoV-2

Hi Eric,

This looks pretty good. 1ml of serum really isn’t a problem. Do you want 1 ml for all 4 NHPs?

I'll try to get it out this week. Can you email me the shipping address again? Finding anything in my
inbox has become impossible somehow (e.g. by emails about crop-dusting the planet with negative EM
stain so that we can detect the virus with a microscope from space-no | did not make this up).

Emmie

From: Laing, Eric< T ®©
Sent: Monday, April 20, 2020 4:47 AM
To: Munster, Vincent (NIH/NIAID) [E]< ®®

Cc: De wit, Emmie (NIH/NIAID) [E] < ®® Williamson, Brandi (NIH/NIAID) [E]
4 ®® shupert, W. Lesley (NIH/NIAID) (€] <E®I® Broder,
Chris (USU-DoD) <06

Subject: Re: SARS-CoV-2

Data slides attached.

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiclogy and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cel: T ®6

office: [T ®E)

lab: EET®©




On Sun, Apr 19, 2020 at 8:49 PM Laing, Eric < (®) (6) wrote:
Hi Emmie and Vincent,

My laptop's battery that had the data | was working on just died and the charger is in our nursery room
so I'll send over two figures tomorrow morning. The figures show specificity of SARS-CoV-2 (+)ve sera for
SARS-CoV-2 S (trimer), that anti-SARS-CoV-2 sera 1gG reacts strongly with S trimer and that the SARS-
CoV-2 S trimer is more specific than S1 subunit monomer or RBD peptide antigens when differentiating
SARS-CoV-2 and SARS-CoV-1 in an antigen-based immunoassay. We ran a 4-fold dilution starting at 1:4
and detected sera titers at 1:4,096 (21 dpi).

Emmie's questions

1) How much serum would you need? We received a lot of requests for convalescent serum so
deposited a large volume in BEI. We kept some back, but | would have to check how much. My estimate
is that we should have another 10ml for you (this would be pooled from 4 rhesus), not sure if that would
get you anywhere near what you need. We haven’t taken any additional animals out past day 7.

1mL would work. But more discussion will be necessary to decide if this is a worthy route.

2) Andrea Marzi here at RML is working on a replication competent VSV-not sure if it has a reporter.
Ok, | don't know Andrea, but Steph introduced me in a previous email regarding VSV-LLOV GP.

Vincent's guestion

Is that even possible given different IgG subclasses, epitopes and affinities? Wouldn’t you rather
correlate it back to a standardized titer as you would do with ELISA?

Do you think if we report sera titers from Luminex immunoassay that would be sufficient for research
studies and quantification with a 'standard' (IgG concentration) would be unnecessary? | think we
should compare our Luminex titer results with an ELISA starting at non-saturating dilutions to see if the
Luminex optics are more sensitive. If we use a protein G column we should grab all IgG FC so | don't
think we'd be limited by subclasses, etc...

Regarding a cut-off, where would you draw the line: 3xFold or MEAN+3*STDEV above, normal
NHP/human sera? It should be straightforward for prospective studies monitoring seroconversion 4-fold
increase between time point collections.

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: [ ®) (6)



office: IIIIII®O
jab: (1 O©

On Sun, Apr 19, 2020 at 11:05 AM Munster, Vincent (NIH/NIAID) [E] < ®) 6) wrote:
Hi Eric,

Is that even possible given different 1gG subclasses, epitopes and affinities? Wouldn’t you rather
correlate it back to a standardized titer as you would do with ELISA?

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Emmie De wit I OO

Date: Sunday, April 19, 2020 at 8:17 AM
To: Eric Laing ST @6
Cc: "Williamson, Brandi (NIH/NIAID) [E]"< ®® "Shupert, W. Lesley
(NIH/NIAID) [E]"<4 " ®® "Broder, Chris (USU-DoD)"

. - 5

Subject: RE: SARS-CoV-2

Hi Eric,

1) How much serum would you need? We received a lot of requests for convalescent serum so
deposited a large volume in BEI. We kept some back, but | would have to check how much. My estimate
is that we should have another 10ml for you (this would be pooled from 4 rhesus), not sure if that would
get you anywhere near what you need. We haven’t taken any additional animals out past day 7.

2) Andrea Marzi here at RML is working on a replication competent VSV-not sure if it has a reporter.
Emmie

From: Laing, Eric _
Sent: Saturday, April 18,2020 1:38 PM

To: De wit, Emmie (NIH/NIAID) [E] < ®) 6
Cc: Williamson, Brandi (NIH/NIAID) [E] < ®® Shupert, W. Lesley (NIH/NIAID) [E]
<SI®® Broder, Chris (USU-DoD) <I®® Munster,
Vincent (NIH/NIAID) [E] S ®©

Subject: Re: SARS-CoV-2

Hi Emmie,



Our lab piloted a SARS-CoV-2 spike glycoprotein antigen-based multiplex immunoassay (MIA) yesterday
and I'm wrapping a repeat today. Data looks pretty solid with the four 21 dpi NHP sera you sent. |
designed the pilot around the 21 dpi sera since we had the most volume and could start with an initial
1:4 dilution and get an idea of MFI for piloting human screening. Next step is to get a couple more
antigens into the assay that are still in prep and then screen with the complete NHP dpi set at a single
dilution.

2 questions before | head home.

1) How can we move from a qualitative fluorescence value to a quantitative assay? With our henipavirus
sG polyclonal rabbit antisera, we have purified 1gG and spiked that back into pre-bleed sera to make a
quantitative IgG concentration/MFI value. What's the volume of terminal bleed sera and is something
we can try to do with the NHP sera?

2) Replication-competent VSV_SARS-CoV-2_S reporter viruses. Who has em and who wants to share?
Figured I'd ask before ordering a full-length S gene and rescuing it here. Our main research studies are
supporting acute sera samples coming in from military treatment facilities, but having that SNT data will
go a long way to understanding the binding assay data in the context of nAbs and protection.

Our S-based MIA pilot currently includes SARS-CoV-2 S tri, S1 monomer, RBD; SARS-CoV-1 S tri, S1
monomer. We put some of the bat SARS-related CoV S expression on hold while working on
beta/alphaHCoV S1 monomer expression. It does look like the trimer is more immunogenic, but
differentiation between SARS-CoV-2 and SARS-CoV-1 S tri is really clean and specific.

I'll finish data processing tomorrow and send some figures for your review and comment.

If you also want to chat about streamlining serology so we can pair up or run in parallel, and make a
solid cross-agency collaboration, I'm down.

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiclogy and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: (®) (6)
office: (b) (6)
lab: ®) (6

®©



On Thu, Mar 19, 2020 at 9:51 PM De wit, Emmie (NIH/NIAID) [E]<®® wrote:

Hi Eric,

You’re the first one to ask, so we can share all timepoints for all macaques with you. In our IgG S ELISA, 1
animal is positive by 7 dpi, the others by 10dpi. We will plan to ship on Monday.

I have also been hoarding AGM NiV sera from surviving AGMs (from remdesivir treatment studies), so at
some point when we can start thinking of things non-CoV we can irradiate some of that if you need
some.

Emmie

From: Laing, Eric< 0 (®) (6

Sent: Thursday, March 19, 2020 7:44 PM

To: De wit, Emmie (NIH/NIAID) [E] I ®©

Cc: Williamson, Brandi (NIH/NIAID) [E] < ®)(6) Shupert, W. Lesley (NIH/NIAID) [E]
S IGI® Broder, Chris (USU-DoD) < I IOI®) Munster,
Vincent (NIH/NIAID) [E] I ®)©)

Subject: Re: SARS-CoV-2

Hi Emmie,

That's good news, we are open for now but the situation may change. Chris was going to draft another
assurance letter if necessary.

We're working on transiently expressing S-2P trimers and S1 monomers for SARS-2, the other human
CoVs, a couple bat SARSr-CoV-1/2 and were going to start testing cross-reactivity in the multiplex. S-2P
take longer to express in stable cell lines and purify so we wanted to test MERS S-2P vs S1 reactivity with
the MERS+/- camel sera from you. One goal of the antigen-based multiplex will be to describe the
IgM/1gG immunological response to SARS-CoV-2. | would definitely like to have samples within the IgM
window. If you have enough to share all the time points from all 4 animals we can run the experiments
with our multiplex panel when complete and share results with you all. Tell me what time points you can
spare and we can work with that from our end. We definitely need O dpiand/or if you have a pooled
NHP (-) we would use that. We've nearly exhausted out NiV(-) AGM stocks.

/R

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: IR I®®

office: [ OO

lab: [ OO



On Thu, Mar 19, 2020 at 4:47 PM De wit, Emmie (NIH/NIAID) [E] < ®)(6) wrote:

Hi Eric,

| heard we have all the paperwork complete, so we will ship on Monday (I hope you are still open!).
Besides 21 dpi for which we have plenty, which timepoints would you like a small volume of serum for:
0,1,3,5,7,10, 12, 14 dpi. And would you like serum from all 4 animals at each timepoint or just one?
Emmie

From: Laing, Eric< ®®

Sent: Friday, March 13, 2020 11:07 AM

To: De wit, Emmie (NIH/NIAID) [E] < ®) (6)

Cc: Shupert, W. Lesley (NIH/NIAID) [E] [/ ®) 6 Broder, Chris (USU-DoD)
S IE®I6 Munster, Vincent (NIF/NIAID) (€] S IIIGI6

Subject: Re: SARS-CoV-2
Hi Emmie,
No worries, will the attached letter work?

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: [ OO
office: [ BO)
jab: EE OO

On Fri, Mar 13, 2020 at 12:57 PM De wit, Emmie (NIH/NIAID) [E] <0 ®)(6) wrote:

Hi Eric,

Sorry, | got a bit busy and this disappeared off my radar for a few days. We can certainly spare a few
microliters of serum for a couple of time points. We will need a letter from your biosafety office that you
are allowed to receive this material, since it came out of BSL4 (gamma irradiated). Les Shupert (copied
here) can send you an example of such a letter that you can adapt.

Emmie

From: Laing, Eric SINIIIIIII®®

Sent: Monday, March 9, 2020 12:57 PM



To: De wit, Emmie (NIH/NIAID) [E] < ®) (6
Cc: Broder, Chris (USU-DoD)< = ®)(6 Munster, Vincent (NIH/NIAID) [E]
< 06

Subject: Re: SARS-CoV-2

For the multiplex assay could get away with 4.5 uL but 10 uL would be a safe bet if you can spare. Maybe
if you have something in the 5-10 ul range?

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiclogy and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cel: T OO
office: I O©
lab: EE®6

On Mon, Mar 9, 2020 at 2:37 PM De wit, Emmie (NIH/NIAID) [E] <7 ®) (6) wrote:

We have quite a few timepoints between 0 and 21 dpi, but volumes are limited for times other than 21
dpi. How much would you need?

Let me see about the letter, I'll get back to you on that.

Emmie

From: Laing, Eric SINIIIIIIN®O®

Sent: Monday, March 9, 2020 9:50 AM

To: De wit, Emmie (NIH/NIAID) [E]< 0 ®©
Cc: Broder, Chris (USU-DoD) <& ) (6) Munster, Vincent (NIH/NIAID) [E]
e

Subject: Re: SARS-CoV-2

Hi Emmie,

Thank you, yes those would be useful. Have you collected any samples in the IgM window?

| just sent over a reassurance letter from our Biosafety Officer to Kay regarding receipt for fruit bat, VSV-

challenged sera samples from Steph/Vincent. Let me know if | should collect another letter or if that one
will be applicable for this as well.

- Eric



Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cel: T ®©
office: I OO
lab: EET @6

On Sat, Mar 7, 2020 at 3:12 PM De wit, Emmie (NIH/NIAD) [E] < ®(© wrote:

Hi Eric,

We have sera from 4 rhesus macaques collected at 21 dpi. All react in S1 ELISA, but we haven’t done
neuts yet (day 21 was yesterday). | can send you an aliquot of all 4 if that would be useful.

| am hoping to get the serairradiated out early next week, so we should be able to ship soon. This would
require some paperwork since the sera are coming out of BSL4, so I'll be in touch again when | know
when we will be ready to ship.

Emmie

From: Laing, Eric <L OO

Sent: Saturday, March 7, 2020 10:43 AM

To: Broder, Chris (USU-DoD) < /®
Cc: De wit, Emmie (NIH/NIAID) [E] < ®(® Munster, Vincent (NIH/NIAID) [E]
< o6

Subject: Re: SARS-CoV-2

Hi Vincent and Emmie,

We have cell lines expressing prefusion S-2P trimers for SARS, MERS, HKU1 and still cooking SARS-2. Cell
lines are not yet stable, but we can work off of transient expression for a quick turnaround. Also working

on transient S1 monomer expression, which doesn’t require as laborious purification.

Any control sera will go a long way to demonstrate antisera reactivity in a multiplex. We were going to
chase MERS first with the camel sera you provided. But can add SARS-2 NHP+ sera when possible.

Eric

On Fri, Mar 6, 2020 at 7:20 PM Broder, Christopher </ ®) (6 wrote:

hey Vincent / Emmie

Many thanks again. Eric cc'd here. Yes. we would be excited to get your monkey sera!!
Eric is leading an S spike expansion on the bioplex

thanks so much, i have sent along your contact info to Trent.



all best
Chris

On Fri, Mar 6, 2020 at 6:42 PM Munster, Vincent (NIH/NIAID) [E]< 0 ®) (6 wrote:

No problem, if there are testing requests we send him to the larger NIAID workgroup on this,

Btw 1 will have NHP sera for you if you want it for the Luminex. Will still need to be irradiated etc, but
would give you guys a headstart.

Btw 2 planning to apply for coronavirus serology grants? More than happy to provide LOS for NIH/NSF
grants,

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: "Broder, Christopher" <. ®©
Date: Friday, March 6, 2020 at 3:04 PM

To: NNOE e
Cc: Emmie Dewit< — ®6

Subject: Re: SARS-CoV-2
Thanks much Vincent / Emmie
Can | forward your email contact to him ? He may reach out.

it is::

Prof. Trent Munro

Director National Biologics Facility

Program Director Rapid Response Vaccine Pipeline
Australian Institute for Bioengineering and Nanotechnology
The University of Queensland

Brisbane Qld 4072 Australia

o ®6

M 6
£ 06

On Fri, Mar 6, 2020 at 9:08 AM Munster, Vincent (NIH/NIAID) [E]</ " ®)(6) wrote:



Yes, we have established rhesus as a very suitable model (lot of URT and LRT shedding),
Probably will take us ~ 2 more weeks to get all the data analyzed,
Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: "Broder, Christopher" < @@

Date: Friday, March 6, 2020 at 5:58 AM

To: Emmie De wit IO N6
< ®6

Subject: SARS-CoV-2
Hey guys

are doing NHPs SARS-CoV-2 ? planning to? a model?
Contacts in Queensland are reaching out. Not sure
what for, but | told them | would touch base with you

Chris

Christopher C. Broder, Ph.D.

Professor and Chair

Department of Microbiology and Immunology
Uniformed Services University, B4152

4301 Jones Bridge Rd, Bethesda, MD 20814-4799

USU is "America’s Medical School”
Email:
https://www.usuhs.edu/national/faculty/christopher-broder-phd
"TEL:
FAX: 301-295-3773

Lucille Washington

Administrative Officer

email - [N ®©
phone - [T ®6)

fax - 301-295-3773

Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized use, disclosure or



distribution is prohibited. If you are not the intended recipient, please contact the sender by replying to
this e-mail and destroy all copies of the original message. (Uniformed Services University)

Christopher C. Broder, Ph.D.

Professor and Chair

Department of Microbiology and Immunology
Uniformed Services University, B4152

4301 Jones Bridge Rd, Bethesda, MD 20814-4799

USU is "America’s Medical School”

Email: T 06
https://www.usuhs.edu/national/faculty/christopher-broder-phd
LEl:

FAX: 301-295-3773

Lucille Washington
Administrative Officer

email - I O6
phone - (B

fax - 301-295-3773

Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unautharized use, disclosure or
distribution is prohibited. If you are not the intended recipient, please contact the sender by replying to
this e-mail and destroy all copies of the original message. (Uniformed Services University)

Christopher C. Broder, Ph.D.

Professor and Chair

Department of Microbiology and Immunology
Uniformed Services University, B4152

4301 Jones Bridge Rd, Bethesda, MD 20814-4799

USU is "America’s Medical School”

Email: IO ©
https://www.usuhs.edu/national/faculty/christopher-broder-phd
TEL:

FAX: 301-295-3773

Lucille Washington

Administrative Officer

email - EINO©
phone TGO

fax - 301-295-3773



Confidentiality Notice: This email message, including any attachments, is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized use, disclosure or
distribution is prohibited. If you are not the intended recipient, please contact the sender by replying to
this e-mail and destroy all copies of the original message. (Uniformed Services University)

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology

Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: [ O
office: [ B©
fab: [ O

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: I IIO®
office: [ OO
jab: B OO




From: Munster, Vincent (NIH/NIAID) [E]

Sent: Thu, 23 Apr 2020 13:04:46 -0600
To: Plowright, Raina; [T @G
Subject: Re: Important- MSU press release

Go ahead, no problem

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: "Plowright, Raina" < @6

Date: Thursday, April 23, 2020 at 12:56 PM

To: T ——
< ®6

Subject: Re: Important- MSU press release

It’s a news piece on what the lab is doing on COVID and mostly about how the students doing their blog

for the local community. MSU news service — so really big time © I'm sure it will get taken up by the
NYT!!!

From: [ ee

Date: Thursday, April 23, 2020 at 12:51 PM

To: "Munster, Vincent (NIH/NIAID) [€]" <Sn®©
< &6

Cc: Raina Plowright
Subject: Important- MSU press release

Vincent,

Can | ask Ken Pekoc if Raina can put a thing in a press release about me working on COVID for
her lab?

It would say “ One graduate student, [ ® ), is working at RML doing COVID work
including studies of aerosol transmission, preventative measures, and viral stability of SARS-
CoV-2" She would site out NEJM paper.



From: Schountz, Tony

Sent: Thu, 23 Apr 2020 15:59:18 +0000
To: Munster, Vincent (NIH/NIAID) [E]
Subject: Re: Artibeus sera

Vinnie, did Kwe transfect BHK21 with Aj Ace2? Or some other?
Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory

Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

On Apr 21, 2020, at 2:19 PM, Munster, Vincent (NIH/NIAID) [E]<" 0 ®©)

wrote:
Yes, the ACE2 of the Artibeus works fine,

Weird results though. Very inconclusive? Anything on serology? If you send the sera we can run them
here,

Busy times big man!

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Tony Schountz < @O

Date: Monday, April 20, 2020 at 3:04 PM

To: I B

Subject: Re: Artibeus sera

So, we have some peculiar data on the bats. We are getting PCR positives through at least day 21 oral
and rectal swabs, including the contact bats (from > 1074 to ~1072 TCID50 equivalents) but our 3
negative control bats (which were in a separate cage ABOVE the inoculated bats) all came up PCR
positive (~5x1072) 5 days after the study started. We used a smoke stick to check the airflow in the
room and it is apparent it goes down from the ceiling (HEPA filtered) to the floor, then back to the wall
right behind where the bat cages are before leaving the room through the exhaust HEPA filter that is



also on the ceiling. So, | suppose it’s conceivable that the airflow carried the virus from the inoculated
cages up to the negative control cage and all 3 bats became infected. It’s also possible that one of the
Laboratory Animal Resources technicians who feed the bats each day didn’t follow the procedure to
feed the negative control bats first, then all the other cages afterwards. We have a sign noting this but |
cannot exclude the possibility that it was a contamination issue. But I'm quite nervous about thisso |
have requested 12 more bats from our IACUC to repeat it to see if we get airborne transmission. The
bats have appeared otherwise healthy and no gross pathology at necropsy.

Our diagnostic lab did initial testing of an antibody from GeneTex
(https://www.genetex.com/Product/Detail/SARS-CoV-2-COVID-19-nucleocapsid-antibody/GTX135357)
for IHC but the first attempt did not detect NP. We didn’t have a confirmed positive control and the
datasheet does not state that it’s suitable for IHC (rabbit polyclonal) so it may not be useful. Dick has
hamsters he is euthanizing today that should be antigen positive based upon Jasper Chang’s paper so we
are having this antibody tested again on those tissues to make sure it’s working. So, at this point, we
have no corroborating evidence of infection with IHC. | have mice immunized with recombinant SARS-
CoV-2 NP and we will use that serum for IHC if we need to (fusions for MAb will be next Monday).

The virus did not get past passage 2 on the Aj cells, so now | am beginning to suspect they are not
susceptible. My student is going to blind passage it on the cells. The CPE that we saw is difficult to
explain, though. Mix-up of cells (e.g., Vero contamination) seems to be most likely. She amplified a
product of the expected size for Aj Ace2 and it has been submitted for Sanger sequencing, but | suspect
the cells express Ace2 and that they are not susceptible or not permissive. Did Kwe transfect cells with
Aj Ace2 and test for susceptibility?

I've gotten dragged into several projects now and am trying to juggle them all at once. | feel like I'm in
graduate school again!

T

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

®©
®) (6)

On Apr 17, 2020, at 1:34 PM, Munster, Vincent (NIH/NIAID) [E] < (®) (6) wrote:

Thanks Tony,

How did the AJs do?



Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Tony Schountz<— ®®
Date: Friday, April 17,2020 at 12:18 PM

To: "Seifert, Stephanie (NIH/NIAD) [E]"< ®6

Cc: Tony Schountz < @O T ®6
0 ®6 "port, Julia (NIH/NIAID) [FI" < ®©

Subject: Re: Artibeus sera

Stephanie, | just chatted with Miles and he reminded me we have a bunch of necropsies to do on
Monday, so we will send you sera from 3 infected bats on Tuesday for delivery on Wednesday. Is 25 ul of
each sufficient?

Thanks,

Tony

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

On Apr 17, 2020, at 11:17 AM, Seifert, Stephanie (NIH/NIAID) [E] < ®) 6 wrote:

Thanks Tony, much appreciated!

Cheers,
Steph

From: "Schountz, Tony" ST @O

Date: Friday, April 17, 2020 at 6:31 AM

To: "Seifert, Stephanie (NIH/NIAID) [E]" [ ®©
Cc: "Munster, Vincent (NIH/NIAID) [E]" < ®® "Port, Julia (NIH/NIAID)



[F"<ee

Subject: Re: Artibeus sera

Hi Stephanie, we will ship a few serum samples to you on Monday.

Tony

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

From: Seifert, Stephanie (NIH/NIAID) [E][ 0 ®) 6

Sent: Thursday, April 16, 2020 1:50 PM

To: Schountz,Tony I OO
Cc: Munster, Vincent (NIH/NIAID) [E] 4 ®® Port, Julia (NIH/NIAID) [F]

Subject: Re: Artibeus sera

Hi Tony,

Even a small amount of serum would be great, | know that bat serum is precious! We're doing cross-
neutralization experiments with both live SARS-CoV-1 & SARS-CoV-2 as well as pseudotyped particles
with the spike glycoprotein of some of the novel sarbecoviruses that have not been isolated (e.g.
RatG13).

Cheers,

Steph

Sent via Skynet

On Mar 28, 2020, at 9:16 AM, Schountz,Tony </ ®) 6 wrote:

Vinnie, that should be fine depending on how much you need and how much we have. I'll have to check
with Miles when he gets in on Monday to see how much he collected from each at terminal bleed.



T.

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

On Mar 28, 2020, at 8:18 AM, Munster, Vincent (NIH/NIAID) [E] < ®)®) wrote:

Hi Tony,

Can you spare some sera from your SARS-CoV-2 seropositive Artibeus? We can do he pseudotype assay
here, would like to see how this compares to your and our Elisa,

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH



From: Munster, Vincent (NIH/NIAID) [E]

Sent: Tue, 21 Apr 2020 19:18:16 -0600

To: Miles Eckley; Seifert, Stephanie (NIH/NIAID) [E]
Cc: Schountz, Tony

Subject: Re: Aj SARS-CoV-2 Sera

Thanks Miles,

cheers

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Miles Eckley </ OO
Date: Tuesday, April 21, 2020 at 2:37 PM

To: ' B
Ce: Tony Schountz ST @@

Subject: Aj SARS-CoV-2 Sera

Hi Vincent,

These samples are headed your way for delivery tomorrow. A link with tracking information is below if
you need it. Thanks.

Miles



From: Schountz, Tony

Sent: Tue, 21 Apr 2020 21:14:35 +0000
To: Munster, Vincent (NIH/NIAID) [E]
Cc: Schountz, Tony

Subject: Re: Artibeus sera

Well, that’s really good news. :)

Juliette set up a neutralization test today on the serum samples. We euthanized the remaining
bats yesterday (day 28); 3 inoculated, 3 contact and the 3 “negative” control bats.

The sera that Miles sent you are from the 3 pilot bats, blood collected on days 14 and 24, and 3
bats from the colony as negative controls. So, a total of 9 serum samples should arrive tomorrow
for Stephanie.

T
Tony Schountz, PhD
Associate Professor
Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine
Colorado State University
3185 Rampart Road
Fort Collins, CO 80523-1692
®) (6
(®) (6)

On Apr 21, 2020, at 2:19 PM, Munster, Vincent (NIH/NIAID) [E] < ®) ().
wrote:

Yes, the ACE2 of the Artibeus works fine,

Weird results though. Very inconclusive? Anything on serology? If you send the sera we can run them
here,

Busy times big man!

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH



From: Tony Schountz I O@

Date: Monday, April 20, 2020 at 3:04 PM

(®)(6) <

Subject: Re: Artibeus sera

So, we have some peculiar data on the bats. We are getting PCR positives through at least day 21 oral
and rectal swabs, including the contact bats (from > 1074 to ~10"2 TCID50 equivalents) but our 3
negative control bats (which were in a separate cage ABOVE the inoculated bats) all came up PCR
positive (~5x1072) 5 days after the study started. We used a smoke stick to check the airflow in the
room and it is apparent it goes down from the ceiling (HEPA filtered) to the floor, then back to the wall
right behind where the bat cages are before leaving the room through the exhaust HEPA filter that is
also on the ceiling. So, | suppose it’s conceivable that the airflow carried the virus from the inoculated
cages up to the negative control cage and all 3 bats became infected. It’s also possible that one of the
Laboratory Animal Resources technicians who feed the bats each day didn’t follow the procedure to
feed the negative control bats first, then all the other cages afterwards. We have a sign noting this but |
cannot exclude the possibility that it was a contamination issue. But I’'m quite nervous about thisso |
have requested 12 more bats from our IACUC to repeat it to see if we get airborne transmission. The
bats have appeared otherwise healthy and no gross pathology at necropsy.

Our diagnostic lab did initial testing of an antibody from GeneTex
(https://www.genetex.com/Product/Detail/SARS-CoV-2-COVID-19-nucleocapsid-antibody/GTX135357)
for IHC but the first attempt did not detect NP. We didn’t have a confirmed positive control and the
datasheet does not state that it’s suitable for IHC (rabbit polyclonal) so it may not be useful. Dick has
hamsters he is euthanizing today that should be antigen positive based upon Jasper Chang'’s paper so we
are having this antibody tested again on those tissues to make sure it’s working. So, at this point, we
have no corroborating evidence of infection with IHC. | have mice immunized with recombinant SARS-
CoV-2 NP and we will use that serum for IHC if we need to (fusions for MAb will be next Monday).

The virus did not get past passage 2 on the Aj cells, so now | am beginning to suspect they are not
susceptible. My student is going to blind passage it on the cells. The CPE that we saw is difficult to
explain, though. Mix-up of cells (e.g., Vero contamination) seems to be most likely. She amplified a
product of the expected size for Aj Ace2 and it has been submitted for Sanger sequencing, but | suspect
the cells express Ace2 and that they are not susceptible or not permissive. Did Kwe transfect cells with
Aj Ace2 and test for susceptibility?

I've gotten dragged into several projects now and am trying to juggle them all at once. | feel like I'min
graduate school again!

T

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road



Fort Collins, CO 80523-1692

On Apr 17, 2020, at 1:34 PM, Munster, Vincent (NIH/NIAID) [E] < ®) ) wrote:

Thanks Tony,
How did the AJs do?

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Tony Schountz< ®®

Date: Friday, April 17, 2020 at 12:18 PM

To: "Seifert, Stephanie (NIH/NIAID) [E]" <))

Ce: Tony Schountz SEE®@6 (06
< ®6 "port, Julia (NIH/NIAID) [F]" < @G

Subject: Re: Artibeus sera

Stephanie, | just chatted with Miles and he reminded me we have a bunch of necropsies to do on
Monday, so we will send you sera from 3 infected bats on Tuesday for delivery on Wednesday. Is 25 ul of
each sufficient?

Thanks,
Tony

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692



On Apr 17, 2020, at 11:17 AM, Seifert, Stephanie (NIH/NIAID) [E]< ®® wrote:

Thanks Tony, much appreciated!

Cheers,
Steph

From: "Schountz, Tony" LI OO

Date: Friday, April 17, 2020 at 6:31 AM

To: "Seifert, Stephanie (NIH/NIAID) [E]" < ®®)
Cc: "Munster, Vincent (NIH/NIAID) [E]" < ®® "Port, Julia (NIH/NIAID)
[FI" <6

Subject: Re: Artibeus sera

Hi Stephanie, we will ship a few serum samples to you on Monday.

Tony

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

From: Seifert, Stephanie (NIH/NIAID) [E] < )6

Sent: Thursday, April 16, 2020 1:50 PM

To: Schountz, Tony SIING®
Cc: Munster, Vincent (NIH/NIAID) [E] {7 ®) 6) Port, Julia (NIH/NIAID) [F]

Subject: Re: Artibeus sera
Hi Tony,

Even a small amount of serum would be great, | know that bat serum is precious! We’re doing cross-
neutralization experiments with both live SARS-CoV-1 & SARS-CoV-2 as well as pseudotyped particles
with the spike glycoprotein of some of the novel sarbecoviruses that have not been isolated (e.g.
RatG13).

Cheers,
Steph



Sent via Skynet

On Mar 28, 2020, at 9:16 AM, Schountz,Tony < ®) (6) wrote:

Vinnie, that should be fine depending on how much you need and how much we have. I'll have to check
with Miles when he gets in on Monday to see how much he collected from each at terminal bleed.

T

Tony Schountz, PhD

Associate Professor

Arthropod-borne and Infectious Disease Laboratory
Department of Microbiology, Immunology and Pathology
College of Veterinary Medicine

Colorado State University

3185 Rampart Road

Fort Collins, CO 80523-1692

On Mar 28, 2020, at 8:18 AM, Munster, Vincent (NIH/NIAID) [E] <7 ®) (6) wrote:

Hi Tony,

Can you spare some sera from your SARS-CoV-2 seropositive Artibeus? We can do he pseudotype assay
here, would like to see how this compares to your and our Elisa,

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH



From: Munster, Vincent (NIH/NIAID) [E]

Sent: Mon, 20 Apr 2020 07:52:11 -0600

To: De wit, Emmie (NIH/NIAID) [E]; Laing, Eric

Cc: Williamson, Brandi (NIH/NIAID) [E]; Shupert, W. Lesley (NIH/NIAID) [E]; Broder,
Chris (USU-DoD)

Subject: Re: SARS-CoV-2

awesome

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Emmie Dewit< = ®6
Date: Monday, April 20, 2020 at 7:50 AM

To: Eric Laing SE®O 06 ST ee
Cc: "Williamson, Brandi (NIH/NIAID) [E]"< ®® "Shupert, W. Lesley
(NIH/NIAD) [E]"< " ®® "Broder, Chris (USU-DoD)"
I

Subject: RE: SARS-CoV-2

Hi Eric,

This looks pretty good. 1ml of serum really isn’t a problem. Do you want 1 ml for all 4 NHPs?

I'll try to get it out this week. Can you email me the shipping address again? Finding anything in my
inbox has become impossible somehow (e.g. by emails about crop-dusting the planet with negative EM
stain so that we can detect the virus with a microscope from space-no | did not make this up).

Emmie

From: Laing, Eric <0 0@

Sent: Monday, April 20, 2020 4:47 AM

To: Munster, Vincent (NIH/NIAID) [E] <& () (6

Cc: De wit, Emmie (NIH/NIAID) [E]<0 ®® Williamson, Brandi (NIH/NIAID) [E]
< ®® shupert, W. Lesley (NIH/NIAID) [E] < E®B)(6 Broder,
Chris (USU-DoD) < I ®©

Subject: Re: SARS-CoV-2

Data slides attached.

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology



Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814

cell: (®) (6)
office: (b) (6)
lab: (®) (6)
®) (6)
On Sun, Apr 19, 2020 at 8:49 PM Laing, Eric < (b) (6) wrote:

Hi Emmie and Vincent,

My laptop's battery that had the data | was working on just died and the charger is in our nursery room
so I'll send over two figures tomorrow morning. The figures show specificity of SARS-CoV-2 (+)ve sera for
SARS-CoV-2 S (trimer), that anti-SARS-CoV-2 sera IgG reacts strongly with S trimer and that the SARS-
CoV-2 S trimer is more specific than S1 subunit monomer or RBD peptide antigens when differentiating
SARS-CoV-2 and SARS-CoV-1 in an antigen-based immunoassay. We ran a 4-fold dilution starting at 1:4
and detected sera titers at 1:4,096 (21 dpi).

Emmie's questions

1) How much serum would you need? We received a lot of requests for convalescent serum so
deposited a large volume in BEI. We kept some back, but | would have to check how much. My estimate
is that we should have another 10ml for you (this would be pooled from 4 rhesus), not sure if that would
get you anywhere near what you need. We haven’t taken any additional animals out past day 7.

ImL would work. But more discussion will be necessary to decide if this is a worthy route.

2) Andrea Marzi here at RML is working on a replication competent VSV-not sure if it has a reporter.
Ok, | don't know Andrea, but Steph introduced me in a previous email regarding VSV-LLOV GP.

Vincent's question

Is that even possible given different IgG subclasses, epitopes and affinities? Wouldn’t you rather
correlate it back to a standardized titer as you would do with ELISA?

Do you think if we report sera titers from Luminex immunoassay that would be sufficient for research
studies and quantification with a 'standard' (IgG concentration) would be unnecessary? | think we
should compare our Luminex titer results with an ELISA starting at non-saturating dilutions to see if the
Luminex optics are more sensitive. If we use a protein G column we should grab all IgG FC so | don't
think we'd be limited by subclasses, etc...

Regarding a cut-off, where would you draw the line: 3xFold or MEAN+3*STDEV above, normal
NHP/human sera? It should be straightforward for prospective studies monitoring seroconversion 4-fold
increase between time point collections.

- Eric



Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiclogy and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cel: OO

office: [ ®O
fab: [ BO

On Sun, Apr 19, 2020 at 11:05 AM Munster, Vincent (NIH/NIAID) [E] <) (6) wrote:
Hi Eric,

Is that even possible given different IgG subclasses, epitopes and affinities? Wouldn’t you rather
correlate it back to a standardized titer as you would do with ELISA?

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: Emmie Dewit< — ®®
Date: Sunday, April 19, 2020 at 8:17 AM

To: Eric Laing < ®) 6

Cc: "Williamson, Brandi (NIH/NIAID) [E]"<" = ®® "Shupert, W. Lesley
(NIH/NIAID) [E]"< " ®® "Broder, Chris (USU-DoD)"
e

Subject: RE: SARS-CoV-2

Hi Eric,

1) How much serum would you need? We received a lot of requests for convalescent serum so
deposited a large volume in BEI. We kept some back, but | would have to check how much. My estimate
is that we should have another 10ml for you (this would be pooled from 4 rhesus), not sure if that would
get you anywhere near what you need. We haven’t taken any additional animals out past day 7.

2) Andrea Marzi here at RML is working on a replication competent VSV-not sure if it has a reporter.
Emmie

From: Laing, Eric SINIIIIINGO

Sent: Saturday, April 18,2020 1:38 PM



To: De wit, Emmie (NIH/NIAID) [E] < ®) (6)

Cc: Williamson, Brandi (NIH/NIAID) [E] < ®) (6) Shupert, W. Lesley (NIH/NIAID) [E]
< () (6) Broder, Chris (USU-DoD) < (®) (6) Munster,
Vincent (NIH/NIAID) [E] < ®) (6

Subject: Re: SARS-CoV-2
Hi Emmie,

Our lab piloted a SARS-CoV-2 spike glycoprotein antigen-based multiplex immunoassay (MIA) yesterday
and I'm wrapping a repeat today. Data looks pretty solid with the four 21 dpi NHP sera you sent. |
designed the pilot around the 21 dpi sera since we had the most volume and could start with an initial
1:4 dilution and get an idea of MFI for piloting human screening. Next step is to get a couple more
antigens into the assay that are still in prep and then screen with the complete NHP dpi set at a single
dilution.

2 questions before | head home.

1) How can we move from a qualitative fluorescence value to a quantitative assay? With our henipavirus
sG polyclonal rabbit antisera, we have purified 1gG and spiked that back into pre-bleed sera to make a
quantitative IgG concentration/MFI value. What's the volume of terminal bleed sera and is something
we can try to do with the NHP sera?

2) Replication-competent VSV_SARS-CoV-2_S reporter viruses. Who has em and who wants to share?
Figured I'd ask before ordering a full-length S gene and rescuing it here. Our main research studies are
supporting acute sera samples coming in from military treatment facilities, but having that SNT data will
go a long way to understanding the binding assay data in the context of nAbs and protection.

Our S-based MIA pilot currently includes SARS-CoV-2 S tri, S1 monomer, RBD; SARS-CoV-1 S tri, S1
monomer. We put some of the bat SARS-related CoV S expression on hold while working on
beta/alphaHCoV S1 monomer expression. It does look like the trimer is more immunogenic, but
differentiation between SARS-CoV-2 and SARS-CoV-1 S tri is really clean and specific.

I'll finish data processing tomorrow and send some figures for your review and comment.
If you also want to chat about streamlining serology so we can pair up or run in parallel, and make a

solid cross-agency collaboration, I'm down.

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiclogy and Immunology
Uniformed Services University



4301 Jones Bridge Road
Bethesda, MD 20814

cell: [ OO
office: [ BO
lab: [ OO

On Thu, Mar 19, 2020 at 9:51 PM De wit, Emmie (NIH/NIAID) [E]< = ® ) wrote:

Hi Eric,

You’re the first one to ask, so we can share all timepoints for all macaques with you. In our IgG S ELISA, 1
animal is positive by 7 dpi, the others by 10dpi. We will plan to ship on Monday.

I have also been hoarding AGM NiV sera from surviving AGMs (from remdesivir treatment studies), so at
some point when we can start thinking of things non-CoV we can irradiate some of that if you need
some.

Emmie

From: Laing, Eric< (B ©)

Sent: Thursday, March 19, 2020 7:44 PM

To: De wit, Emmie (NIH/NIAID) [E] <76 (6

Cc: Williamson, Brandi (NIH/NIAID) [E] < ®)(® Shupert, W. Lesley (NIH/NIAID) [E]
SU®® sroder, Chris (UsU-DoD) <EEEE®® Munster,

Vincent (NIH/NIAID) [E] S S O®
Subject: Re: SARS-CoV-2

Hi Emmie,

That's good news, we are open for now but the situation may change. Chris was going to draft another
assurance letter if necessary.

We're working on transiently expressing S-2P trimers and S1 monomers for SARS-2, the other human
CoVs, a couple bat SARSr-CoV-1/2 and were going to start testing cross-reactivity in the multiplex. S-2P
take longer to express in stable cell lines and purify so we wanted to test MERS S-2P vs S1 reactivity with
the MERS+/- camel sera from you. One goal of the antigen-based multiplex will be to describe the
IgM/IgG immunological response to SARS-CoV-2. | would definitely like to have samples within the IgM
window. If you have enough to share all the time points from all 4 animals we can run the experiments
with our multiplex panel when complete and share results with you all. Tell me what time points you can
spare and we can work with that from our end. We definitely need 0 dpi and/or if you have a pooled
NHP (-) we would use that. We've nearly exhausted out NiV(-) AGM stocks.

/R

- Eric

Eric D. Laing, Ph.D.
Research Assistant Professor
Department of Microbiology and Immunology



Uniformed Services University
4301 Jones Bridge Road
Bethesda, MD 20814

cell: (L O©

office: [ ®6
jab: [ O

On Thu, Mar 19, 2020 at 4:47 PM De wit, Emmie (NIH/NIAID) [E] < ®) (6) wrote:

Hi Eric,

| heard we have all the paperwork complete, so we will ship on Monday (I hope you are still open!).
Besides 21 dpi for which we have plenty, which timepoints would you like a small volume of serum for:
0,1,3,5,7,10, 12, 14 dpi. And would you like serum from all 4 animals at each timepoint or just one?
Emmie

From: Laing, Eric T OO

Sent: Friday, March 13, 2020 11:07 AM

To: De wit, Emmie (NIH/NIAID) [E]< 0 ®®
Cc: Shupert, W. Lesley (NIH/NIAID) [E] <7 ®)(®) Broder, Chris (USU-DoD)
LU ®® Munster, Vincent (NIH/NIAID) [€] LI GO

Subject: Re: SARS-CoV-2
Hi Emmie,
No worries, will the attached letter work?

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: [ OO

office: [ ®6
fab: [ O

On Fri, Mar 13, 2020 at 12:57 PM De wit, Emmie (NIH/NIAID) [E] < i®) 6 wrote:
Hi Eric,



Sorry, | got a bit busy and this disappeared off my radar for a few days. We can certainly spare a few
microliters of serum for a couple of time points. We will need a letter from your biosafety office that you
are allowed to receive this material, since it came out of BSL4 (gamma irradiated). Les Shupert (copied
here) can send you an example of such a letter that you can adapt.

Emmie

From: Laing, Eric< ) (6)

Sent: Monday, March 9, 2020 12:57 PM

To: De wit, Emmie (NIH/NIAID) [E] S ®I6)

Cc: Broder, Chris (USU-DoD) < ) (6) Munster, Vincent (NIH/NIAID) [E]
< ®6

Subject: Re: SARS-CoV-2

For the multiplex assay could get away with 4.5 uL but 10 uL would be a safe bet if you can spare. Maybe
if you have something in the 5-10 uL range?

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: [ I O®
office: [ O
fab: [ OO

On Mon, Mar 9, 2020 at 2:37 PM De wit, Emmie (NIH/NIAID) [E] <7 ®)(®) wrote:

We have quite a few timepoints between 0 and 21 dpi, but volumes are limited for times other than 21
dpi. How much would you need?

Let me see about the letter, I'll get back to you on that.

Emmie

From: Laing, Eric SIIIN®®

Sent: Monday, March 9, 2020 9:50 AM

To: De wit, Emmie (NIH/NIAID) [E] < ®©©
Cc: Broder, Chris (USU-DoD)< ® (6 Munster, Vincent (NIH/NIAID) [E]
< 00

Subject: Re: SARS-CoV-2
Hi Emmie,

Thank you, yes those would be useful. Have you collected any samples in the IgM window?



| just sent over a reassurance letter from our Biosafety Officer to Kay regarding receipt for fruit bat, VSV-
challenged sera samples from Steph/Vincent. Let me know if | should collect another letter or if that one
will be applicable for this as well.

- Eric

Eric D. Laing, Ph.D.

Research Assistant Professor

Department of Microbiology and Immunology
Uniformed Services University

4301 Jones Bridge Road

Bethesda, MD 20814

cell: OO
office: [ ®O
jab: (I O6

On Sat, Mar 7, 2020 at 3:12 PM De wit, Emmie (NIH/NIAD) [E]< " ®® wrote:

Hi Eric,

We have sera from 4 rhesus macaques collected at 21 dpi. All react in S1 ELISA, but we haven’t done
neuts yet (day 21 was yesterday). | can send you an aliquot of all 4 if that would be useful.

| am hoping to get the sera irradiated out early next week, so we should be able to ship soon. This would
require some paperwork since the sera are coming out of BSL4, so I'll be in touch again when | know
when we will be ready to ship.

Emmie

From: Laing, Eric O ©

Sent: Saturday, March 7, 2020 10:43 AM

To: Broder, Chris (USU-DoD) <IE T ®6)
Cc: De wit, Emmie (NIH/NIAID) [E]< ®® Munster, Vincent (NIH/NIAID) [E]

Subject: Re: SARS-CoV-2

Hi Vincent and Emmie,

We have cell lines expressing prefusion S-2P trimers for SARS, MERS, HKU1 and still cooking SARS-2. Cell
lines are not yet stable, but we can work off of transient expression for a quick turnaround. Also working
on transient S1 monomer expression, which doesn’t require as laborious purification.

Any control sera will go a long way to demonstrate antisera reactivity in a multiplex. We were going to
chase MERS first with the camel sera you provided. But can add SARS-2 NHP+ sera when possible.

Eric



On Fri, Mar 6, 2020 at 7:20 PM Broder, Christopher< 0 ®)(6) wrote:

hey Vincent / Emmie

Many thanks again. Eric cc'd here. Yes. we would be excited to get your monkey sera!!
Eric is leading an S spike expansion on the bioplex

thanks so much, i have sent along your contact info to Trent.

all best
Chris

On Fri, Mar 6, 2020 at 6:42 PM Munster, Vincent (NIH/NIAID) [E] < @) 6) werote:

No problem, if there are testing requests we send him to the larger NIAID workgroup on this,

Btw 1 will have NHP sera for you if you want it for the Luminex. Will still need to be irradiated etc, but
would give you guys a headstart.

Btw 2 planning to apply for coronavirus serology grants? More than happy to provide LOS for NIH/NSF
grants,

Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
Laboratory of Virology

Rocky Mountain Laboratories
NIAID/NIH

From: "Broder, Christopher" < ®)©)

Date: Friday, March 6, 2020 at 3:04 PM

Tor I 6 e
Ce: Emmie De wit <1 OO

Subject: Re: SARS-CoV-2
Thanks much Vincent / Emmie
Can | forward your email contact to him? He may reach out.

itis::

Prof. Trent Munro

Director National Biologics Facility

Program Director Rapid Response Vaccine Pipeline
Australian Institute for Bioengineering and Nanotechnology
The University of Queensland

Brisbane Qld 4072 Australia

OO



On Fri, Mar 6, 2020 at 9:08 AM Munster, Vincent (NIH/NIAID) [E]< " ®)®) wrote:

Yes, we have established rhesus as a very suitable model (lot of URT and LRT shedding),
Probably will take us ~ 2 more weeks to get all the data analyzed,
Cheers,

Vincent Munster, PhD

Chief, Virus Ecology Section
La