DEFENSE THREAT REDUCTION AGENCY
8725 JOHN J. KINGMAN ROAD, STOP 6201
FORT BELVOIR, VA 22060-6201

February 17, 2022

Shannon Murray
U.S. Right to Know

Re: FOIA Case No.: 22-008
Dear Ms. Murray:

This is our final response to your Freedom of Information Act (FOIA) request perfected
on October 6, 2021, and assigned FOIA case number 22-008 by the Defense Threat Reduction
Agency (DTRA). You requested a copy of grant proposals, scientific and technical interim
reports, reviewer response documents, policy-related documents, and email communications
between DTRA staff and EcoHealth Alliance staff (email to or from the domain
(@ecohealthalliance.org, including attachments) about the following grants awarded by DTRA to
EcoHealth Alliance, since January 2019: HDTRA12010026, HDTRA12010029, and
HDTRAI12110023.

Enclosed 1s a copy of the documents totaling 311 pages. These records are being released
to you in part. Some information is being withheld under FOIA Exemption 6. Exemption 6
applies to information, which, if released, would constitute a clearly unwarranted invasion of the
personal privacy of an individual. No fees are due as the assessable cost total $25.00 or less.

Determinations for this interim release were made by the Initial Denial Authority (IDA),
Mr. Earl Washington, Chief, Records Management, FOIA, and Privacy Act Division / DTRA
Records Officer, Information Management and Technology Directorate, on behalf of DTRA. If
you consider this decision to be an adverse determination, you may file a written appeal that is
postmarked no later than 90 calendar days after the date of this letter to the Deputy Director,
Defense Threat Reduction Agency, Information Management and Technology Directorate,
ATTN: FOIA/PA Office, 8725 John J. Kingman Road, MSC 6201, Fort Belvoir, Virginia
22060. The appeal should reference the FOIA/Privacy Act case number, contain a concise
statement of the grounds upon which the appeal is brought, and a description of the relief sought.
A copy of this letter should also accompany your appeal. Both the envelope and your letter
should clearly identify that a Freedom of Information Act and/or a Privacy Act Appeal is being
made.



Should you have additional questions or concerns regarding this case, you may seek
dispute resolution services from the DTRA FOIA Public Liaison or the Office of Government
Information Services (OGIS). The DTRA FOIA Public Liaison, Mr. Mario Vizcarra, may be
contacted by phone at (703)767-1792 or by email at dtrafoiaprivacy@mail.mil. The contact
information for OGIS can be found at www.archives.gov/ogis.

Sincerely,

Eugene McQint

Eugene McGirt
FOIA/Privacy Act Specialist
Freedom of Information/Privacy Act Office

Enclosure(s):
As stated



From: Aleksei Chmura

To: G
Cc:
Jb)6) [DTRA Ft Belvoir 51 Mailbox SI-FMKA SPS
Lontracts; onr boston@inavy.mil; Joe Riccardi
Subject: [Nen-DeD Source] Re: HDTRAL-20-1-0026 Award
Date: Friday, September 25, 2020 8:59:49 AM

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity ol all links contained within the message prior to copying and pasiing the address 1o a Web browser.

[ confirm receipt.
Many thanks most,
Sincerely,

-Aleksel

Alckser Chmiura, PhD
Chicl of Stail

Ecollcalth Alliance
520 Eighth Avenue, Suie 1200
New York, NY 10018-4182

11.212.380.4473 < 1el:1.212.380.4465 = (oflice)
[o)E) b (mobile)
Caution-www.ccohealthalliance.org < Caution-hitp/fiwww.ccohealthalliance.org =

Ecollcalth Alliance develops science-based selutions o prevent pandemics and promote conscrvation.

On Sep 23, 2020, al 08:04 kb)) .
Caution-mailid®16) I WIOLE!

Allached you will find award documentauon {or grant IIDTRA1-20-1-0026. Please conlirm once vou have
received this email. Thank vou!

Vit

(0}{6) ontractor
Contracl Specialist = Broadleal
Delense Threat Reduction Agency (DTRA)
Office Phone: (571} 616-4277



[X® |

<EHA India SOW.pdf><Terms and Conditions (DTRA-specific) 148ep2020 FINAL pdf><HDTRAI1-20-1-
0026 Award.pdt=



From: Aleksei Chrnura

To: [©)©) |

Cc: Dr. Jon Epstein: Ava Sullivan:fb)E) | Joe Riccardi:
BB} Alison Andre; Kbi(6)

Subject: Re: [Mon-DcD Source] FRBAA1T4-6-2-04 S

Date: Thursday, September 17, 2020 10:17:58 AM

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Deafb)(6)

Apologies for missing your call just now.

I confirm that our India project budget is $4.956,064.36. This is less than our originally proposed budget. Our
justitied and verified budget costs were slightly reduced compared to what was originally submitted via Grants.gov

< Caution-hitp:/Grants. gov > .
Many thanks!

-Aleksei

Aleksel Chmura, PhD
Chief of Staff

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-4182

+1.212.380:4473 < tel:1.212.380.4469 > (office)
Fb){S) |- {mobile)
Caution-www.ecohealthalliance.org < Caution-http://www ecohealthalliance.org >

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.

On Sep 16,2020, at 10:04f2)®) H(b){SJ

Caution-mailtef™X6) = wrote:

[ do have a question. while reviewing your budget [ see a total budget of $4.956,064.36 and 54,964.011.70,
which has orignal. For clarification, what is the total proposed amount?

From: Aleksei Chmura <chmura@ecohealthalliance.org < Caution-mailto:chmuraf@ecohealthalliance.org > >
Sent: Wednesday. September 2, 2020 11:52 AM
To: Lyles, Latrice D CTR DTRA AL (USA) 1{b){6)

Caution-mailtdbi(s) |




Cc: Dr. Jon Epstein <epstein{@ecohealthalliance.org < Cantion-mailto:epstein(@ecohealthalliance.org > >; Ava

Sullivan <sullivan(@ecohealthalliance.org < Caution-mailto:sullivan@ecohealthalliance org > >; [P}6)

(0)(6)

Subject: Re: [Non-DoD Source] FRBAA14-6-2-0454

All active links contained in this email were disabled. Please verify the identity of the sender. and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

DearfP)H6)

Thank you for your continued patience with us and our partners as we gathered the requested documentation
and clarifications.

Attached are the following files:

- DTRA India KV ASLUJ budget justification v 1.docx
- DTRA India KVASU supporting docs.pdf

- DTRA India HMJF budget justification vl .docx
- DTRA India HMJF supporting docs.pdf
- DTRA India HMJF Supplies breakout with live links/URLs.x1sx

- DTRA India KGMLU supporting docs.pdf
- DTRA India KGMU budget justification v}l .docx

- DTRA India EHA supporting docs.pdf
- DTRA India EHA budget justification v01.docx
- DTRA India EHA budget vO1.x]sx

- DTRA India EHA Clarifications v 1 .xlsx
- DTRA India EHA Questions and Responses vl .docx

Note that we have included (last file listed above) a word document version of our responses 1o the questions
emailed previously, but these also are included in our Clarifications (x1sx} file.

Please call anytime, if you have questions, require additional details, or would like vs to rapidly direct you to
any specitic documentation in our attached ftiles.

Many thanks!

-Alekser

Aleksei Chmura, PhD
Chief of Staff &
Authorized Organizational Representative




EcoHealth Alliance
520 Eighth Avenue, Suite 1200)
New York, NY 10018-4182

+1.212.380.4473 < tel:1.212.380.4409 <tel: [.212.380.4469 > > (office)
|(b){6) > {(mobile)
Caution-Caution-www.ecohealthalliance.org < Caution-http:/Cantion-Caution-www ecohealthalliance org > <

Caution-Cantion-http/fwww . ecohealthalliance. org/ < Cantion-Caution-http:/Swww ecohealthalliance org/ > >

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.

On Sep 1. 2020, at 14:52. Ava Sullivan <sullivan{@ecohealthalliance.org <
Caution-mailte:sullivan{@ecohealthalliance.org > <Cantion-mailto:sullivan{@ecohealthalliance org <
Caution-mailto:sullivan{@ecohealthalliance. org > > > wrote:

Thank yo

We will submit the full clarification by QOB tomorrow. We apologize for the late submission, we have run into
a few obstacles related to COVID, among other delays. Despite these delays, we will be able to submit very shortly
and look forward te sharing the information with this group.

Thanks,

Ava Sullivan

On Sep 1. 2020, at 2:30 PM, Lyles, Latrice D CTR DTRA AL (USA) [PX0) |
Caution-mailtolfb){8)
Caution-mailto)

Good Afternoon,
[ will be picking up for Terrie.
[ know it was mentioned that the clarification questions/documents would be submitted Friday August 28,

2020. 1 wanted to follow up on that and make sure we get the documents in se we can proceed with awarding this
grant. I hope to hear back from you soon. Thanks!

From: Ava Sullivan <sullivan(@ecchealthalliance.org < Caution-mailto: sullivan{@ecohealthalliance org =

<Caution-mailto:sullivan(@ecohealthalliance.ore < Caution-mailto:sullivan(iecohealthalliance org = = >
Sent: Wednesday, August 26, 2020 9:15 AM

TolbHE)
Caution
Caution

Cec
<Cauticy
Latrice
<Cauticy
CIV DT
Caution

1
Caution—ll]eliltl{b){6) | > >; Joe Riccardi <riccardi{@ecohealthalliance.org <
Cauntion-mailto:riccardi(@ecohealthallisnce.ore > <Caution-mailto:riccardif@ecohealthalliance.ora <
Caution-mailto:riccardi{@ecohealthallisnce.org > > >, Nwani, Nkechivere (G CTR {USA)




(0)(6)

Aleksel MacDurian <chmura{@ecchealthalliance.org < Caution-mailto:chmuraf@ecohealthalliance.org =
<Caution-mailto:chmuraf@ecohealthalliance.ore < Caution-mailto:chmura{@ecohealthalliance.org > = =>; Alison
Andre <andre(@ecohealthalliance.org < Caution-mailto:andre(@ecohealthalliance.org =
<Caution-mailto:andre{@ecohealthalliance ore < Caution-mailto:andre@ecohealthalliance ore > > >

b){8)

b){8)

Subject: Re: [Non-DoD Source] FRBAA4-6-2-0454

All active links contained in this email were disabled. Please verify the identity of the sender. and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Yes. [ will do that.
Best wishes for the time ahead,

Ava Sullivan
Project Manager and Research Assistant

EcoHealth Alliance

520 Eighth Avenue — Suite 120

New York, NY 10018

607-280-7669 < tel:607-280-7669 < tel.607-280-7669 > > {(mobile) Caution-Caution-
www.ecohealthalliance.org < Caution-http://Caution-Caution-www ecohealthalliance.org >
<Caution-http: /Cantion-Cantion-www.ecohealthalliance.org < Caution-http://Caution-Caution-

www ecohealthalliance ore > > < Caunon-Cantion-http/fwww . ecohealthalliance.org < Caution-
Caution-http: i www . ecohealthalliance.ore > >

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

On Aug 25, 2020, at 8:26 PM. Rodriguez, Terrie M CIV DTRA AL (USA) 20

< Caution-mailfb)e)
Caution-mailto
Caution-mailto

(sond Evening,
Thank you very much for your e-mail and for the update. Kindly request that you please include all DTRA
personnel contained on the "cc” line of this e-mail for all clarification responses, as [ will be out on maternity leave

heginning Monday 8/31.

Very Respectfully,

|(b){6)

Contract Specialist
Detfense Threat Reduction Agency

b){8)

Ca




From: Ava Sullivan <sullivan{@ecohealthalliance.org < Caution-mailto:sullivani@ecohealthalliance org =

<Caution-mailto:sullivan d@ecohealthalliance.ore < Caution-mailto:sullivan{iecohealthallignce org > > < Caution-

Caution-mailte:sullivan{@ecohealthalliance.org < Caution-mailto:sullivant@ecohealthalliance ore > > >
Sent: Tuesdavy, Aueyst 25, 2020 8:21 PM

1 b){6)
Cautig)
Cautig

Cautig)

Cc: Jon Epstein <epstein{@ecohealthalliance.org < Caution-mailto:epsteinf@ecohealthalliance.org >
<Caution-mailto:epstein{@ecohealthalliance.ore < Cantion-mailto:epstein{@ecohealthalliance ore > > < Caution-

CantiananailbsenctainGRecnbealthallionee aeo < Cantionamailissancteindmacahaglthalliance sen e 1 silag
b)(8)

——JE76 ' — .

(.Zlth]OI-'I{ 1) |> = = Joe Riccardi <riccardi{@ecohealthalliance.org <

Cauntion-mailto:riccardi{gecohealthalliance ore > <Caution-mailto:riccardif@ecohealthalliance ore <

Caution-mailto:riccardi(iecohealthalliance org > > < Cantion-Caution-mailto:riccardif@ecohealthalliance.org <
Caunon-mailto:riccardi(@ecohealthalliance. ora > = > Nwani, Nkechivere (G CTR (LJSA)

b){8)

>; Aleksel MacDurian <chmura{@ecohealthalliance.org < Caution-mailto:chmura(@ecohealthalliance org =

<Caution-mailto:chmuraf@ecohealthalliance.ore < Caution-mailto:chmural@ecohealthalliance.org > > < Caution-

Caution-mailto:chimura@ecohealthalliance.ore < Caunon-mailto:chmurai@ecohealthalliance.ore > > >, Alison

Andre <andre(@ecohealthalliance.org < Caution-mailto:andre(@ecohealthalliance.org =

<Caution-mailto:andref@ecohealthalliance org < Caution-mailto:andre(@ecohealthalliance org > > < Caution-

Caution-mailto:andre(@ecohealthalliance.ors < Caution-mailto.andre{@ecohealthalliance.org > > >
Subject: Re: [Non-DoD Source] FRBAA14-6-2-0454

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Helld 2X®

Forgive the liate response. We were expecting to submit our full packet of clarifications today. However, due to
unforeseen circumstances including issues with COVID-19 in-country, we will require a few extra days. I hope it is
acceptable that we submit this on Friday. the 28th.

Thank you for your understanding, and we look forward to providing all the requested materials, Ava

On Thu, Aug 20, 2020 at 1:38 PM™*®
b)E)

- < Cantion-




— . [0 .
(.Elth]Ofl—I‘néllI{ }6) tion-
Caution-Cang <
Caution-Cang > >
> wrote:

Hi Ava,

Thanks so much for your e-mail. We look forward to receiving the responses. Have a great day!

Very Respectfully,

b){8)

Contract Specialist
Defense Threat Reduction Asency

(b)(6)
<( ion-
Cal on-
Cal
Cal =

From: Ava Sullivan <sullivan{@ecohealthalliance.org < Caution-mailto:sullivani@ecohealthalliance org =
<Caution-mailto:sullivan d@ecohealthalliance.ore < Caution-mailto:sullivan{iecohealthallignce org > > < Caution-

Caution-mailte:sullivan{@ecohealthalliance.org < Caution-mailto:sullivan@ecohealthalliance ore > > < Caution-

Cauntion-Cantion-mailto:sullivan{@ecohealthalliance.org < Caution-mailto:sullivan(@ecohealthalliance.ora > <

Cantion-Cantion-mailto:sullivan{@ecohealthalliance.ore < Caution-mailto:sullivan(@ecohealthalliance.oro > > > >
Sent: Thursday. August 2{), 2020 1:34 PM

Tk
Caution
Caution
Caution
Caution

Caution

Cc: Dr. Jon Epstein <epstein{@ecohealthalliance.org < Caution-mailto:epstein(@ecohealthalliance.org =
<Caution-mailto:epstein{@ecohealthalliance.ore < Cantion-mailto:epstein{@ecohealthalliance ore > > < Caution-

Caution-mailto:epstein{@ecohealthalliance ore < Caution-mailto:epstein(@ecohealthalliance.ore > > < Caution-

Cauntion-Cantion-mailto:epstein{@ecohealthalliance.ore < Caution-mailto:epstein{@ecohealthalliance.org > <

Caution-Cantion-mailto:epstein{@ecohealthalliance org < Caution-mailto:epstein{ecohealthalliance.org > > > >

b){8)

Riccardi <riccardi@ecohealthalliance.org < Caution-mailto:riccardi@ecohealthalliance.org >
<Caution-mailto:riccardif@ecohealthalliance. org < Caution-mailtoriccardif@ecohealthalliance ore > > < Caution-
Caution-mailte:riccardi(@ecohealthalliance org < Cantion-mailto:riccardi(@ecohealthalliance ore > > < Caution-

Caution-Cantion-mailto:riccardi{@ecohealthallisnce. ors < Cauntion-mailto:riccardi(@ecohealthalliance. org > <

Caution-Cantion-mailto:riccardi(@ecohealthallisnce. ore < Cauntion-mailto:riccardi(@ecohealthalliance.org = > > =




b)E)
Nwani

Cautio
Cautio
Cautio
Cautio
Cautio

Aleksel Chmura <chmura{@ecohealthalliance.org < Caution-mailto:chmura{@ecohealthalliance. org =
<Caution-mailto:chmuraé@ecohealthalliance .org < Caution-mailto:chmuradg@ecohealthalliance.org > > < Caution-
Cauton-mailto:chmuraf@ecohealthalliance.org < Cantion-mailto:chmural@ecohealthalliance.org > > < Caution-
Cauton-Caution-mailto:chmura@ecohealthalliance.org < Caution-mailto:chmura @ecohealthalliance.org > <
Cantion-Cantion-mailto:chimura(@ecohealthalliance. org < Cantion-mailto:chmura@ecohealthalliance.org > > > >;
Alison Andre <andre@ecohealthalliance.org < Cantion-mailto:andre(@ecohealthalliance org >
<Caution-mailto:andre{@ecohealthalliance org < Caution-mailto:andre(@ecohealthalliance org = > < Caution-
Caunon-mailto:andre(@ecohealthalliance org < Cantion-mailto:andred@ecohealthalliance org > > < Caution-
Caunon-Caution-mailto:andre(@ecohealthalliance org < Caution-mailto:andre{@ecohealthalliance org > < Caution-
Caunon-mailto:andre(@ecohealthalliance org < Cantion-mailto:andred@ecohealthalliance.org > > > >

Subject: Re: [Non-DoD Source] FRBAA14-6-2-0454

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

A kind hello,

1 am jumping on this thread on behalf of EcoHexlth Alliance. We expect to submit the clarifications by
Tuesday, Aungust 25. T do hope this is agreeable.

Thank vou.

Ava

Ava Sullivan

Project Manager and Research Assistant
EcoHealth Alliance

520 Eighth Avenue — Suite 12{0)
New York, NY 10018

b){8)

bX8) > > {mobile} Caution-Caution-Caution-Caution-www ecohealthalliance.org < Caution-hitp:#Caution-
Caution-Caution-Caution-www.ec ohealthalllance oro <( aution-http SCaution-Caution-Caution-Caution-

www ecohealthalliance ore < Caution-htip:/

Caunon-Caution-http://cantion-caution-Caution-Caution-www. eu)hedltl alliance_ org! < Caution-
Caunon-http:/cantion-caution-Caution-Caution-www ecohealthalliance org/ > > < Caution-Caution-
Caunon-http:/cantion-Caution-Caution-Caution-www ecohealthalliance org/ < Caution-Caution-
Caunon-http:/cantion-Cantion-Caution-Caution-www .ecohealthalliance org/ > < caunon-Caution-
Caunon-http:/cantion-Cantion-Caution-Caution-www . ecohealthalliance org/ < caution-Caution-
Caunon-http:/cantion-Cantion-Caution-Caution-www ecohealthalliance org/ > > > < Caution-Caution-Caution-
Caunon-http:/fwww ecohealthalliance. org < Caution-Caution-Caution-Caution-http:/fwww.ecohealthalliance org =
< caution-caution-Caution-Caution-http:/www.ecohealthalliance org < caution-caution-Canution-
Caution-http:/fwww ecohealthalliance.org > > < Caution-Caution-Caution-http://'www ecohealthalliance org/ <
Caunon-Caution-Cantion-http:/fwww ecohealthalliance org/ > < caution-Caution-




Caution-http:fwww ecohealthalliance ore/ < caution-Caution-Caution-http/iwww.ecohealthalliance orp/ > > > >

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation

Begin forwarded message:

b){8)

Caution-mai
Caution-maill
Caution-maill
Caution-maill
Caution-mail

Caution-Cant
Caution-mail

Caution-mail

Caution-mail
Caution-mal

Subject: RE: [Non-DoD Source] FRBAA14-6-2-(454
Date: August 18, 2020 at 08:50:01 EDT

To: Aleksei Chmura <chmura{@ecohealthalliance.org <
Caution-mailto:chmura(@ecohealthalliance.ore > <Caution-mailto:chmurad@ecohealthalliance . ore <

Caution-mailto:chmura@ecohealthalliance.ora > > < Caution-Cantion-mailto.chmurat@ecohealthalliance org <
Caution-mailto:chmurai@ecohealtha
wmural@ecohealtha
Caution-mailto:chimura@ecohealthalliance.ore < Caunon-mailto:chmurai@ecohealthalliance.ore > > > < Caution-

liance.ora > > < Cantion-Caution-

Caution-mailto:c liance.ore < Caunon-mailto:chmurat@ecohealthalliance.ore > < Caution-

i 1
i 1
i 1
i 1

Caunon-Caution-Cantion-mailto:.chmura@ecohealthalliance org < Cantion-mailto.chmurat@ecohealthalliance org >
< Caution-Caution-mailto:chmura{@ecohealthalliance org < Caution-mailto:chmuraf@ecohealthalliance.org > > <
Cantion-Cantion-Cantion-mailto:.chmuwrafgecohealthalliance. org < Cantion-mailto.chmuraf@ecohealthalliance.org >
< Caution-Caution-mailto:chmura{@ecohealthalliance org < Caution-mailto:chmuraf@ecohealthalliance.org > > =
==

Ce: "Dr. Jon Epstein” <epstein{@ecohealthalliance.org <
Caution-mailto:epstein{@ecohealthalliance oreg > <Cantion-mailto:epstein{@ecohealthalliance org <

Cauntion-mailto:epstein{f@ecohealthalliance org > > < Caution-Cauntion-mailto:epstein{decohealthalliance.org <
Caution-mailto:epstein{@ecohealthalliance ore > > < Caution-Caution-
Caution-mailto:epstein{@ecohealthalliance ore < Caution-mailtoepstein(@ecohealthallisnce.ore > < Caution-

1

Caution-mailto:epstein{@ecohealthalliance ore < Caution-mailto:epstein(@ecohealthalliance.ore > > > < Caution-

Caution-Cantion-Caution-mailto:epstein{@ecohealthalliance ore < Caution-mailto:epstein{@ecohealthalliance org >

< Caution-Caution-mailtorepstein{gecohealthalliance . ors < Cantion-mailto.epstein(decohealthalliance org > > <

Caution-Cantion-Caution-mailto:epstein(@ecohealthalliance ore < Caution-mailto:epstein{@ecohealthalliance org >

< Caution-Caution-mailtoiepstein{@ecohealthallignce ore < Cantion-mailto:epstein(@ecohealthalliance oreg > > > >

>, foI6)
Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca

Emerson C1V DTRA COOP THRT REDUCT (USA)" [P)®)




~ [0)E)
Cantioy
Cautio
Cautio
Cautio
Cantioy
Cantioy
< Caud
Cautio
< Caud

>, Joe Riccardi <riccardi{@ecohealthalliance.org < Caution-mailto:riccardif@ecohealthalliance. org >

<Caution-mailto:riccardif@ecohealthalliance. org < Caution-mailtoriccardif@ecohealthalliance ore > > < Caution-

Caution-mailte:riccardi(@ecohealthalliance org < Cantion-mailto:riccardi(@ecohealthalliance ore > > < Caution-

Caution-Cantion-mailto:riccardi{@ecohealthallisnce. ors < Cauntion-mailto:riccardi(@ecohealthalliance. org > <

Caution-Cantion-mailto:riccardi(@ecohealthalliance ore < Cauntion-mailto:riccardi(@ecohealthalliance.ors = > > <

Caution-Cantion-Caution-Cantion-mailto riccardi{@ecohealthalliance.ore <

Caution-mailte:riccardit@ecohealthalliance ore » < Caution-Caution-mailto:riccardi@ecohealthalliance.oro <

Caution-mailto:riccardit@ecohealthalliance org > > < Caution-Caution-

1
Caution-mailte:riccardi(@ecohealthalliance ore < Cantion-mailto:riccardi(@ecohealthalliance.ore > < Caution-
Cauton-mailto:riccardit@ecohealthalliance ore < Cantion-mailto:riccardi(@ecohealthalliance.arg > > > > >,

(0)(6)

Greetings Dr. Chmura,

I just wanted to tonch base to see if it was possible to receive a status update on the outstanding
clarifications. We were hoping to reach resolution of these clarifications by mid-month in order to meet a
prospective award date of 31 August however, we completely understand that EHA has its own competing priorities
and that EHA may be waiting for responses from its own prospective subcontractors for this effort. Any update vou
might be able to share will help us shape expectations within our organization on a revised prospective award date.

Thank you very much and we look forward to centinuing to work with you and your team! Have a
wonderful day!

Very Respectfully,

[)6) |
Contract Specialist
Defense Threat Reduction Agency

(b)(6)
<Caution
Caution-|
Caution-{
Caution-{
< Cautiol
Caution-

I
Caution-
Caution-




(0)(6)

Caution-mailt -

From: Aleksei Chmura <chmura(@ecchealthalliance.org <
Caution-mailto:chmura(@ecohealthalliance.ore > <Caution-mailto:chmural@ecohealthalliance.ors <

Caution-mailto:chmura@ecohealthalliance.ora > > < Caution-Cantion-mailto.chmurat@ecohealthalliance org <
wmural@ecohealtha
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Subject: Re: [Non-DoD Source| FRBAA14-6-2-00454

All active links contained in this email were disabled. Please verify the identity of the sender, and
confirm the authenticity of all links contained within the message prior to copying and pasting the address to a Web
browser.
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I confirm receipt. Thank you for this notice and the additional clarification requests. We are working
through the requested details and will get them back to as swiftly as possible.

Many thanks!

-Aleksei

Aleksel Chmura
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-4182

+1.212.380.4473 < tel:1.212.380.4469 < tel: 1.212.380.4469 > < 1el:1.212.380.4469 <
tel:1.212.380.4469 > > <1el:]1.212.380.4469 < tel:1.212.380.4469 > <tel:1.212.380.4469 < tel:].212.380.4469 > >
<tel:1.212.380.4469 < tel:1.212.380.446% > > > <tel:1.212.380.4469 < tel:1.212.380.446% > <
tel:1.212.380.446% < tel: 1.212.380.4469 > <tel:1.212.380.4469 < te]:1.212.380.446% > > > < tel:1.2]12.380.4469 <
tel:1.212.380 4469 > <tel:1.212.380.4469 < tel: 1 .212.380.4469 > > > > > (office)
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EcoHealth Alliance develops science-based solutions to prevent pandemics and promote
conservation.
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Good Morning Dr. Chmura,

I just wanted to follow up to confirm that you did receive the below e-mail. T hope you had & nice
weekend. Thanks in advance and have a wonderful day!

Very Respectfully,

|(b){6)

Contract Specialist

Defense Threat Reduction Aeency

|{b){6)
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Subject: RE: [Non-DoD Source] Re: FRBAA14-6-2-0454
Importance: High

Good Afternoon Dr. Chmura,

I hope that you enjoyed a nice weekend. We have some additional clarification question to add to
our initial clarification request. Please let me know if you have any questions or concerns. Thank you in advance!

1. The proposal contains a 36.8% [ndirect Rate for EHA however the latest NICRA for FY21 dated
April 1, 2020 has 35.84% from 7/1/20 to 6/30/21. Please provide some additional information to support the nse of
36.8% or update the proposal, if needed.

2. Please provide quotes, website link. or basis of estimate to substantiate cost proposed for Luminex
machine in Y1 (EHA) and freezer in Y1 (KGMUY?



3. For all proposed travel which includes a conference registration cost, please provide the name of
conference and the cost of registration.

4. For all proposed materials and supplies for which the budget justification refers to quotes or
previous purchases. please provide any documentation you have available to support the proposed costs or to
provide additional detail into the basis of estimates for the items.

5. If possible, request that KGMU and KVASU provide a copies of its institutional salary grades to
support its proposed labor?

6. Please provide a breakout of all of HIF's proposed travel. (# of travelers, locations, per diem,
dates, transportation, etc.)

7. Please provide documentation to support HIF's proposed cost for the AKTA service agreement.

8. If possible, request that HIF please provide directly to DTRA an updated copy of its provisional
indirect cost and fringe bhenefit rates for FY20), if available?

9. Please provide documentation/basis of estimate to support KVASU's proposed cost $.1000 per
year is to contribute to organizing the ongoing One Health stakeholder engagement meeting for venue and hosting
costs. (ex. Breakout to support $1,000, what is included in the cost, etc.)

We are hoping to reach resolution of these clarifications (and those previonsly submitted) by mid-
month, if possible. in order to meet a prospective award date of 31 August. Should your team run into any issues,
please let us know. Thank vou very much and we look forward to continuing to work with you and your team! Have
a wondertul afternoon!

Very Respectfully,

|{b){6)

Contract Specialist

Defense Threat Reduction Azency
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Subject: [Non-DeD Source] Re: FRBAA14-6-2-00454
Importance: High

All active links contained in this email were disabled. Please verify the identity of the sender, and
confirm the authenticity of all links contained within the message prior to copying and pasting the address to a Web
browser.

Dea (b)E)

Apologies for my slow reply. We are delighted to read your email!
I have cc’ed our Finance Manager Joe Riccardi on this email as well.

We will work through your requests this week and get responses back to you and Latrice as rapidly
as possible.

I hope this email finds vou and yours safe and healthy most,
Sincerely!

-Aleksei

Aleksei Chmura
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-4182
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Caution-mailtd®)¥6) - s
wrote:

Cireetings Dr. Epstein and Dr. Chmura,

CONGRATULATIONS!  Your propesal, submitted under DTRA Broad Agency Announcement
HDTRA1-14-24-FRCWMD. Proposal Number: FRBAA14-6-2-(}454, has been selected as one that the Defense
Threat Reduction Agency {DTRA) expects to award. PLEASE DO NOT BEGIN WORK as any award is subject to
{1y successful negotiations between our contracting division and your organization and (2} the availability of funds.
This notification must not be construed as an obligation on the part of the Government; only duly authorized
procurement personnel may commit resources. Also. this notification must not be used as a basis for accruing costs
to the Government prior to award.

Myself zu)cl{b){6) }Nill be your POCs until the award has been made. We will work
directly with your office to disciss any clarifications required to support your proposal. Below dre some initial
clarifications for EHA s review and response.

1. Does EHA have its proposed budget available in M3 Excel format and if so. would EHA bhe
willing to share an executable file with DTRA for ease of review?

2. Does EHA have quotations available to support any of the proposed costs (ex. Proposed
equipment or materials. sub-award)? If so, please provide that information to DTRA.
3. The proposal contains the procurement of a Luminex 200 Machine in Year | for use

throughout the project. Please provide additional details as to how EHA proposes to mitigate the expected foreign
tax burden for the local purchase, or importation of this piece of equipment.

4. The proposal contains the procurement of three laptops for this project, however it was noted
in the budget justification that only one will be used to perform Luminex reads. Please provide additional
justification to support the procurement of the additional two laptops.

5. The proposal centains a sub-award to HIF, which includes international travel. Please provide
additional details which addresses the specific nature and frequency of international travel and how it relates 1o the
requirements for project execution.

6. The proposal narrative states that Dr. Linta Wang of Duke-NUS will serve as a Technical
Advisor for this project, yet his role is not adequately characterized. There is no sub-award associated with Duke-
NUS, nor are Dr. Wang’s responsibilities, projected time, or salary for his role captured in the technical proposal,
Statement of Work, or budget proposal. DTRA requests claritication on the role of Duke-NUS in the project, and
subsequent submission of any relevant sub-award documentation, if appropriate.

Please let us know if you have any questions. Thank you and we look forward to working with you.

Very Respectfully,
(b)(6)

Contract Specialist

Defense Threat Reduction Agency
[b)6)
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Ava Sullivan
PREDICT-2 (}perations Coordinator
Country Liaison. [ndia

EcoHealth Alliance

460) West 34th Street — 17th floor

New York, NY 10001

646-KO8-4705 {direct)

b)E) :
mobhile)
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Ava Sullivan
Project Manager and Research Assistant

EcoHealth Alliance

520 Eighth Avenue — Suite 12{0)

New York, NY 10018
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KvASU - DTRA [NDIA BLUDGET
D1 luly 2015 | 11uly 2020 | 1luly 2021 | 1 luly 2022 L luly 2023
- - - - Total
30June 2020 | 30 June 2021 (20 June 2022 | 30 June 2022 ( 30 lune 2024
WMDNTHS YEAR 1 YEAR 2 YEAR 2 [OPTIDN YEAR L[OPTION YEAR 2 0%
v2|va|ovi]ovz A SENIOF. KEY PERSONMEL
111 Nambiar, Prept Luhoratory Lead SO0 St St.00 000 S0.00 s0.00
TOITAL SENIOR KEY FERSONNEL SO0 SU.0U su.00 30.00 S0.00 5000
B. OTHER PERSONNEL
12{12] 12 TBD Rescarch Assistant 01 55,000.00] 55,000.00| $5000.00 55,000.00 §5,000.00]  $25.000.00
TCTAL OTHER PERSONMEL 55,000.00] 55,000.00| $5000.00 55,000.00 5500000  $25.000.00
TOTAL SALARY $5,000.00| $5000.00| $5,000.00 $5,000.00 5500000 $25,000.00
. EQIUIPMENT
S0.00 SU.0U su.00 30.00 S0.00 5000
TGTAL EQUIPMENT 50.00 50.00 50,00 50.00 50.00 50.00
D. TRAVEL
1. Domestic 50.00 50.00 50.00 50.00 50.00 50.00
2. International 50.00 50.00 50.00 50.00 50.00 50.0¢
TOTAL TRAVEL 50.00 50.00 50.00 50.00 50.00 50.0¢
E. PARTICIPANT/TRAINEE SUPPORT COSTS
1. Tuition/Fees/Health Insurance S0.00 SU.0U St.00 000 S0.00 s0.00
2. Stipends 50.00 50.00 50,00 50.00 50.00 50.00
3. Travel 50.00 50.00 50.00 50.00 50.00 50.00
4. Subsistence 50.00 50.00 50.00 50.00 50.00 50.00
5. Dther 50.00 50.00 50.00 50.00 50.00 50.0¢
Total Fartipipant/Trainee Suppart Costs S0.00 SU.0U Su.0 F0.00 5000 F0.00
F. THER DHRECT COSTS
1. Materials and Supplies 52,930.02| 52.950.02| $2,850.02 52,950.02 5295002 $14.750.10
2. Publication Costs 50.00 50.00 50,00 50.00 50.00 50.00
3. Consultant Services 50.00 50.00 50.00 50.00 50,00 50.00
4. ADP/Computer Services 50,00 50,00 50.00 50.00 50.00 50.00
5. Subawards/Consortium/Contractual Costs 50,00 S0.00 0.00 50.00 50.60 50.00
&, Equipment or Faclity Rental/User Fees SO0 St0 St.00 000 S0.00 s0.00
7. Alteratinns and Renovations S0.00 SU.0U St.00 000 S0.00 s0.00
8. 2-Day Annual Meeting Costs 52,000.00| S2,000.00| $2,000.00 52,000.00 52,000.00)  $10.000.00
Total Other Direct Costs 54,950.02| 54,950.02| $4,550.02 54,350.02 5495002  $24.750.10
G. DIRECT & MODIFIED DIRECT COSTS
Direct Costs % 085002 [$ 955002 [ 9,550.02 [ 985002 9,950.02 [5 49.750.10
Maodified Direct Costs < 0995002 |§ 995002 |5 985002 |5 995062 |[$ 99500 (5 49750010
H. INDIRECT £O5TS
10.00% 5 99500 99500 [$  D95.00 |§ 955.00 59300 |5 497501
Total Indirect Costs 5 99500 99500 (3 D95.00 |5 955.00 59300 |5 497501
|. TOTAL DIRECT AND INDIRECT COSTS
Dhrect + Indirect £ 10,945.02 [$ 10,945.02 |4 10,545.02 [§ 1084502 10,545.02 |3 54,725.11
1. FEES
.00 GEN 5 - - |3 - |5 - s -
K. TOTAL COSTS AND FEES
Total Costs 5 10,945.02 |5 1094502 |3 10,945.02 |5 10,945.02 10,%45.02 |5 54.725.11
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Biosurveillance for Spillover of Zoonotic Viruses in Rural Communities in India

Abstract: Zoonotic viruses including certain henipaviruses, filoviruses, and coronaviruses constitute a
significant threat to global health. Nipah virus {NiV), Ebola virus (EBOV), and SARS coronavirus are highly
pathogenic viruses and select agents capable of causing public health emergencies of international
concern. In 2018, the WHO listed these pathogens among the top ten threats to global health and
security. In 2014, a single spillover event of Ebola Zaire from an animal host {presumed to be a bat)
caused an epidemic in West Africa that infected more than 28,000 people, killing approximately 40%. In
Bangladesh and India, Nipah virus causes outbreaks of acute encephalitis in people and has an
associated mean maortality rate of 70%. Saudi Arabia and the Gulf states centinue to have new cases of
MERS CoV, a zoonotic coronavirus related to SARS CoV. Bats are reservoirs for these and related viruses,
and zoonotic transmission from bats to humans either directly or via domestic animals has previously
occurred in Southeast Asia. Despite their importance as threats to public health and security, the full
diversity of these viruses in bats and their potential to infect livestock and people remains poorly
understood. This project will test the hypothesis that henipaviruses, filoviruses, and coronaviruses are
circulating in bats in India and have spilled over into animal and human populations undetected, which
presents a threat to human health. In line with Thrust Area 6 — Cooperative Weapons of Mass
Destruction Research with Global Partners, this project will reduce threat from these select agents and
viruses of high concern by enhancing early detection and surveillance capacity in India by: 1) conducting
biological surveillance in bats, macaques, livestock and people in rural communities in Uttar Pradesh; 2)
transferring PCR protocols and a multiplexed serology platform that can detect RNA from and 1gG
antibodies against all known henipaviruses, filoviruses, and SARS & MERS coronaviruses, to Indian
partner labs; and 3) training laboratory personnel to develop and safely utilize these assays to identify
human and animal infection and exposure to these viruses. This project will contribute to the Global
Health Security Agenda, India and we will share results with key Indian government partners. The
proposed project is closely aligned with the aims of the Cooperative Threat Reduction Program in that it
will support threat reduction through biosurveillance and capability building, engagement with partner-
country scientists, and use of a One-Health approach.

Background: India has been identified as a hotspot for emerging infectious diseases (EIDs). The majority
of EIDs are zoonotic and caused by pathogens that circulate in wild animal populations. People across
South Asia, in both rural and urban settings, live in close association with domestic and wild animals,
including bats, which have been identified as important reservoirs for zoonotic viruses. Zoonoses such as
SARS CoV, Influenza and HIV, have already caused significant global pandemics, and there is potential for
other zoonotic viruses (known and unknown) to cause widespread epidemics if given opportunities to
jumg into human populations (e.g. Ebola virus in West & Central Africa). The henipavirus, filovirus, and
coronavirus viral groups include important zoonotic agents such as Nipah virus (NiV), Ebola virus (EBQV),
and SARS CoV. Bats are natural reservoirs for all three viral groups. Nipah virus and Ebola virus are
listed as select agents by CDC and USDA, and the WHO has identified them and SARS coronavirus as
three of the ten most important global infectious disease threats. Enhancing surveillance for these
significant zoonotic viruses in animal and human populations to improve detection and reporting in
areas highly vulnerable to disease emergence is critical for reducing the risk of epidemics.

There is a need for enhanced surveillance for zoonotic viruses in India. Acute encephalitis syndrome
{AES) accounts for more than 10,000 deaths each year in India. Uttar Pradesh (UP), in northern India, is a
hot spot for AES, and more than 50% of encephalitides India-wide remain undiagnosed. Nipah virus is a
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zoonotic virus, carried by bats, that causes acute encephalitis in domestic animals and people. Since
2001, more than 20 NiV outbreaks have been reported in Bangladesh and India, with a mean mortality
rate of 70% (100% in some outbreaks). Repeated spillover from bats; high mortality; and human-to-
human transmission signifies NiV’'s importance as an emerging zoonotic pathogen with pandemic
potential. Kerala, India reported its first outbreak of Nipah virus encephalitis in May 2018, which
infected 23 people (case fatality rate = 91%). Pteropus medius bats are a reservoir for henipaviruses in
Bangladesh and India. Qur group has shown that Nipah virus incidence in pteropid bats in Bangladesh is
low {~1%-4%). Viral infections are transient and periodic and spillover depends on coincident active
infection within a local bat population and a route of transmission. In Bangladesh, spillover happens
seasonally when people consume date palm sap that has been contaminated by bat excreta. The
mechanism of spillover in Kerala remains unknown, and despite evidence of NiV in bats in northern and
southern India, there is a lack of surveillance in people and livestock. As a result, the extent to which
NiV contributes to AES in India is unknown.

Bats alse carry filoviruses, which cause viral hemaorrhagic fever. Several species of bats have been
associated with Ebola and Marburg viruses in Africa. The 2014 Ebola outhreak in West Africa was
hypothesized to have begun with a single spillover event from a bat, though which bat species remains
unknown. In Asia, outbreaks of viral hemeorrhagic fever have not been associated with filoviruses;
however, antibodies against Reston ebolavirus, a non-pathogenic filovirus, were detected in pigs and
peaple in the Philippines in 2008. Qur group identified Reston ebolavirus RNA and antibodies in local
Mineopterus schreibersii, a common insectivorous bat, suggesting that pig and human cases were due to
spillover from bats. There is now mare evidence that various bats in Asia carry filoviruses, though the
diversity of those viruses and their threat to human health is unknown. Mengla virus is a new species of
filovirus discovered in Rousettus bats in China. It is different from Ebola and Marburg, but shares structural
and functional traits with them, suggesting that it can infect people. Prior to this discovery, we found
antibodies against unknown Ebola-like viruses in Rousettus leschenaultii and Pteropus medius (the Nipah
reservoir) in Bangladesh — both of which are also common in India, suggesting that related filoviruses also
circulate in South Asia. Despite this, there is currently no surveillance for filoviruses in India.

SARS CoV emerged in live animal markets in southern China in 2002 and caused a severe respiratory and
gastrointestinal disease in people. It spread to 26 countries and infected more than 8,000 people, with
9% mortality. Middle East respiratory syndrome {MERS) CoV, related to SARS CoV, was first identified in a
person who died from severe respiratory disease in Saudi Arabia in 2012. Qur group identified Chinese
horseshoe bats as the natural reservoir for SARS and SARS-like CoVs. Horseshoe bats are also common in
India and it is unknown whether SARS-like CoVs have contributed to human respiratory disease in India.

Scientific & threat reduction impact: The possible presence of bat reservoirs for zoonotic viruses and
lack of surveillance presents a situation where high consequence viral pathogens may emerge in human
populations undetected. This project will establish a surveiflance platform that will help mitigate the
threat of zoonotic viral outbreaks in animals and people in India. The proposed project closely aligns
with the goals of the Cooperative Biclogical Threat Reduction Program. Improving coordination among
public health and animal health agencies; increasing capacity to detect viral zoonotic agents in animals
and people; and identifying high risk behaviars for spillaver in communities where there is contact among
these groups, is necessary to adequately respond to outbreaks and reduce the threat to people’s health
and well-being. This project will provide important information about the risk of spillover of high
consequence zoonotic viruses to livestock and people where people and animals live in very close
association. This project will implement biosurveillance using a One Health framework, and capability
building through engagement with local and federal institutions. It will also support and complement
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India’s ability to meet IHR and OIE obligations and achieve Global Health Security Agenda {GHSA)
objectives by enhancing local capacity to identify natural spillover or deliberate release of known and
novel zoonotic agents. Early detection and prevention of spillover of high-risk viral pathogens in India, one
of the most populous and globally connected regions of the world, will be critical to preventing local
outbreaks and global pandemics.

Scientific approach & methods. We propose to test the following overarching hypothesis:
Henipaviruses, filoviruses and corocnaviruses are circulating in bats in rural India where people, bats and
livestock live in close proximity, and spillover has occurred undetected. This study will answer the
following questions: 1) Which bat species carry henipaviruses, filoviruses and high consequence
coronaviruses in India; 2) are there seasonal patterns to viral infections in bat reserveirs in rural
communities; 3) have other wildlife species {e.g. macogues) and livestock been exposed to these viruses;
and 4) does having fivestock increase risk of exposure? Building on our work from PREDICT in Uttar
Pradesh, we will expand our human and animal surveillance where bat, human, and livestock
populations live in close association. We will work with local university, state, and federal institutions
using established and Indian Medical Research Council (ICMR}-approved sampling protocols developed
under PREDICT. We have already established relationships with communities in Gorakhpur, a regicn
with high rates of undiagnosed encephalitis and other illnesses. We will add additional communities in
other parts of UP to total six field sites: three communities that rear livestock (e.g. pigs, goats, cattle)
and three that do not. We will conduct guarterly sampling of wildlife (bats and macaques), livestock,
and people at each location over 30 months {or 48 months including option years), and use
questionnaires to collect data about how people interact with animals. We will collect ecological data
such as bat species diversity and abundance, terrain and vegetation, food cultivation and dietary
practices, and potential sources of environmental exposure to animals. Samples will be screened for
henipavirus, filovirus, and SARS & MERS coronavirus viral RNA {PCR} or antibodies (Luminex) at King
George’s Medical University. PCR protocols for viral families developed under PREDICT will be
established at KGMU. A validated, multiplexed serology assay (Luminex) that uses soluble glycoproteins
from all known henipaviruses and filoviruses, as well as spike proteins from SARS and MERS CoV has
been developed by the Broder lab at Uniformed Services University and we have used them in several
previous and current research projects, including one funded by DTRA in Malaysia. We will also transfer
these assays to other Indian lab partners (e.g. NIV, Pune) to enhance their ability detect novel and
known members of these viral groups. We will compare viral detection rates and seroprevalence in
humans and animals among study sites and measure changes over time. Serosurveillance will be
especially informative to help identify bat reservoirs as these viruses cause acute, transient infections in
bats making viral detection more difficult than antibody detection. Using a One Health approach to
biosurveillance that includes people and livestock will also allow us to characterize virus and host
diversity within these viral groups and identify past spillover events and high-risk behaviors that may
have contributed to exposure.

We will report results from this project to relevant government stakehaolders in human and animal
health sectors, which will help them fulfill their reporting requirements for IHR and OIE. This project also
supports the aims of the GHSA and we will present results at India GHSA meetings. This will also
facilitate coordination with the US CDC, as they also conduct human disease surveillance in UP. We will
publish findings from this study in high-impact, peer-reviewed journals and present at scientific
meetings. We have included an optional 4™ and 5" year in which we will continue targeted surveillance
in UP, and also expand this project to Kerala state where a recent autbreak of Nipah virus occurred and
where our group has already established partnerships with state wildlife, livestock and human health
agencies through the state One Health platform.
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Capacity Building. This project will build capacity by: 1) developing and training local field teams; 2)
transferring diagnostic technologies to partner (including Gol) laboratories and training staff to develop
reagents & analyze data; 3) facilitating exchange of research personnel between US partners {(EHA, USU)
and partner labs in India; 4) providing postdoctoral research opportunities for Indian students interested
in One Health, epidemiology, and laboratary diagnostic development; 5) holding One Health meetings to
bring together stakeholders from human, domestic animal, and environmental {wildlife) sectors to
strengthen cooperation and communication around viral disease surveillance; and 6) supporting the
development of the new ICMR National One Health Institute (an MOU between EHA and ICMR is in
process). These activities align with CTRP’s mission to enhance India’s ability to detect and respond to
biological threats posed by zoonotic viruses. The increased capacity at both the field and laboratory level
in human and animal health sectors, including wildlife, will directly improve livelihoods, reduce the
threat from deliberately released agents, and limit the opportunity for zoonotic viruses to emerge
undetected.

Partner Institutions and roles: EcoHealth Alliance {EHA}: Design and coordinate the study with project
partners; supervise local post-docteral candidate; ensure coordination between field and lab studies and
communication to Indian government agencies; and collaboratively analyze and publish data. EHA will
be responsible for all contractual obligations with DTRA. King George’s Medical University (KGMU},
Lucknow: Local implementing partner. KGMU will coordinate & conduct field surveillance activities,
sample testing, data analysis and reporting. National Institute of Virology, Pune: The national reference
laboratory for new and emerging viruses, as well as BSL 4 agents. NIV Pune will assist with further
genetic characterization of viruses. Uniformed Services University, Maryland. Study development.
Development and transfer of Luminex reagents to partner labs. Training, data analysis, and reporting.

5-year staged plan: Year One: Formalize local partnerships & update protocols; apply for research
approvals through ICMR/HMSC; transfer PCR protocols, Luminex and reagents to partner labs and
conduct trainings; hire & train local animal field team; develop database for project; community
outreach and begin human & animal sampling. Years 2-3: Continue sampling; coordinate stakeholder
meetings to share results and develop surveillance and intervention strategies; publish/present findings
{conference & journal). Coordinate with Govt. of India, regional One Health networks (e.g. Bat One
Health Research Network) and US CDC India office to disseminate information from project and help
develop regional strategies for risk mitigation of bat borne zoonoses. QOptional Years 4 & 5: Continue
longitudinal surveillance in animals and people in UP; initiate activities in Kerala with established state
One Health partners {e.g. Kerala Forest Dept., Kerala Veterinary and Animal Sciences University).

Major Goals and Milestones: 1) Identify bat reservoirs for henipaviruses, coronaviruses and
filoviruses: Establish study protocols; train field teams; implement field studies; transfer diagnostic
technologies to lab partners; 2) Test the hypothesis that spillover has occurred previously in Uttar
Pradesh: Establish community surveillance; integrate questionnaire about animal exposure; screen
human and animal samples. 3) Strengthen One Health systems by improving knowledge and capacity:
Support the development of a One Health platform in India via ICMR’s new One Health Institute.
Establish inter-departmental cellaborations; conduct integrated training of local technical personnel &
graduate students. Report findings to local & federal authaorities publish and share project findings via
GHSA India meetings & scientific conferences.

Estimated Budget: Y1: 850,000 Y2: $950,000 Y3: $950,000 Y1-3 Total: $2,750,000
OY 4 $850,000 OY 5 $750,000. OY4-5 total: $1,600,000
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Biosurvcillanee for Spillover of Henipaviruses and Filoviruses in Rural India

Abstract; The henipaviruses and filoviruses include Hendra virus (HeV) and Nipah virus (NiV}, and
several species of Ebola (EBOVY and Marburg virus (MARYV), respectively, which are highly pathogenic
viruses and selecl agents capable of causing public health emergencies of international concern. In 2018
the WHO listed Nipah virus as one of the top ten threats to global health and security. In Africa, Ebola
viruses have caused significant morbidity and mortality in people and wildlife. In 2014, Ebola Zaire
caused an epidemic in West Alrica that infected more than 28,000 people, killing approximately 40%.
The outbreak began with a single spillover event, presumably from contact with an infected bat. Preropus
medius s a reservoir for Nipah virus and occurs throughout India and Bangladesh. In Bangladesh and
India, including a recent outbreak in May 2018 in Kerala, India, Nipah virus has caused recurrent,
seasonal outbreaks of acute encephalitis in people and has an associated mean mortality rate of 70%.
Hemorrhagic lever has also recently been reported in India, but surveillance is limiled and (o date, no
Ebola-related cases have been identified. Bats are reservoirs for both henipa- and [loviruses, and zoonotic
transmission of these viruses from bats to humans either directly or via domestic animals has previously
occurred in Southeast Asia. Despile their importlance as threals to public health and security. the {ull range
of henmipa- and filoviruses in bats and their potential 1o infect livestock and people remains poorly
understood. The recent outbreak in Kerala illustrates that Nipah virus circulates in bats throughout the
country and spillover is possible wherever bats and people interact. In India, reducing spillover risk is
particularly important due (o the high population density 1n the region and high global connectivity via
international airports, creating opportunity for local outbreaks to become pandemics. In line with Thrust
Area 6 — Cooperalive Weapons ol Mass Destruction Research with Global Partners, this project will
reduce threat from these select agents through enhancing early detection and surveillance capacity in
India by: 1} transferring Luminex technology with validated reagents to detect IgG antibodies against all
henipaviruses and [iloviruses 10 key partner labs in animal and human health seclors; 2) (raining
laboratory personnel to develop and utilize Luminex assays to identify exposure to henipa-and filoviruses;
3) conduct biological surveillance in bats, nonhuman primates, livestock and people in rural communities
in Kerala where there are high levels of conlact among people and animals, and with oplional expansion
into high risk zones in Uttar Pradesh and West Bengal. This project will test the hypothesis that both
henipaviruses and [loviruses are circulating in [ruil bats in India and have spilled over into ammal and
human populations. which presents a threat 1o human health. Activities will be coordinated with the
Global Health Security Agenda, and surveillance data will be shared with the government partners at
local, provincial and national levels. The proposed project is closely aligned with the aims ol the
Cooperative Biological Engagement Program in that it will support threat reduction through
biosurveillance and capability building, engagement with partner-country scientists, will engage with the
CBEP Bat One Health threat reduction network (BOHRN} and promotes a One-Health approach.

Point of Contact & Principal Investigator: Dr. Jonathan Epstein. Epsteinf@ecohenlthallinnce.org

Cc: Ms., Emma Lane. lanci@ecohealthalliance org
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Biosurveillance for Spillover of Henipaviruses, Filoviruses, and Coronaviruses in Rural India

Abstract; The henipaviruses and filoviruses include Hendra virus {HeV) and Nipah virus {NiV}, and
several species of Ebola (EBOV) and Marburg virus {(MARVY), respectively, which are highly pathogenic
viruses and select agents capable of causing public health emergencies of international cencern. Severe
acute respiratory syndrome [SARS) and Middle East respiratory syndrome (MERS) are zoonotic
coronaviruses associated with global spread. In 2018, the WHO listed these pathogens among the top
ten threats to global health and security. In Africa, Ebola viruses have caused significant morbidity and
mortality in people and wildlife, and Saudi Arabia and the Gulf states continue to have new cases of
MERS CoV, some of which are associated with dromedary camels. In 2014, a single spillover event of
Ebola Zaire from an animal host {presumed to be a bat) caused an epidemic in West Africa that infected
more than 28,000 people, killing approximately 40%. Currently, there is an Ebola outbreak in an
insecure region of DRC which threatens to spread to Uganda. In Bangladesh and India, Nipah virus has
caused recurrent, seasonal outbreaks of acute encephalitis in people and has an associated mean
mortality rate of 70%, including the recent ocutbreak in May 2018 in Kerala, India. Hemorrhagic fever and
acute encephalitis both occur in india, but surveillance is limited and most cases remain undiagnosed.
Bats are reservoirs for henipa- corona-, and filoviruses and zoonotic transmission of these viruses from
bats to humans either directly or via domestic animals has previously occurred in Southeast Asia.
Despite their importance as threats to public health and security, the full diversity of these viruses in
bats and their potential to infect livestock and people remains poorly understood. The recent Nipah
virus outbreak in southern India and previous findings of Nipah in bats in northern India illustrates that
Nipah virus circulates in bats throughout the country and spillover is possible where bats and people
interact. In line with Thrust Area 6 — Cooperative Weapons of Mass Destruction Research with Global
Partners, this project will reduce threat from these select agents and viruses of high concern by
enhancing early detection and surveillance capacity in India by: 1) transferring Luminex technology with
validated reagents to detect IgG antibodies against all henipaviruses, filoviruses, and MERS and SARS
CoVs to key Kerala state and government of India partner labs in animal and human health sectors; 2)
training laboratory personnel to develop and utilize Luminex assays to identify human and animal
exposure to henipa- filo- and CoVs; 3) cenduct biclogical surveillance in bats, nonhuman primates,
livestock and pecple in rural communities in Kerala and UP, where there are high levels of contact
among people and animals. This project will test the hypothesis that henipaviruses filoviruses, and
coronaviruses are circulating in bats in southern India and have spilled over into animal and human
populatiens undetected, which presents a threat to human health. Activities will be coordinated with
the Global Health Security Agenda and surveillance data will be shared with the government partners in
Kerala and the Government of India (Gol). The proposed project is closely aligned with the aims of the
Cooperative Biological Engagement Program in that it will support threat reduction through
biosurveillance and capacity building, engagement with and implementaticn by partner-country
scientists, and use of a Gne-Health approach.

Point of Contact & Principal Investigator: DBr. Jonathan Epstein. Epstein@ecchealthalliance.org

Cc: Ms. Emma Lane. lane@ecohealthalliance.org
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1.6.1-0Y4.6.1 X X X X X X
Hospital staff
identified and
trained on
study protocols

Instructions: this matrix will help track and capture the alignment of BAA research training and professional development activities to BTRP’s
Domains, Competencies, and Proficiencies Framework. Please note: alignment is only required to the competency level definitions shown below.

1. inthe left-hand column of the above chart, list every training activity to be performed on a separate line, using their task or sub-task
number (ex. Task 2; subtask 2.1; subtask 2.1.1)

2. place an x or tafly against the competencies that align to the training activity. Competency decisions can be made by determining using
the definitions listed below and determining if a) the training subject matter corresponds to the defined competency or b) if the training
outcome corresponds to the defined competency. Please note: training activities can align to multiple competencies across the 8
demains. (Note: if completing an annual report, stop at step 2; if drafting a Full Proposal, continue to step 3}

3. once completed, list the aligned competencies under its corresponding training activities in the grant proposal.

Domain Domain Definition Competency Competency Definition

1. Disease 1.1 Understanding of 1.1.1 Disease characteristics and Disease characteristics and epidemiology of

recognition and emerging and high- impact especially high consequence pathogens

prevention of spread | consequence pathogens (EHCPs) and the diseases they cause, including
(EHCP) in the following eticlogy, signs and symptoms, morbidity,
realms: maorbidity, mortality, risk factors, incubation period,
mortality, transmissicn, period of communicability, mode of
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control, disease
presentation and
distribution, and impact.

transmission, clinical presentation,
mechanisms of spillover, reservoir species,
spatiotemporal and geographic distributions of
affected populations, and demographic
characteristics of affected populations
(species/age/sex/occupational status/ etc.),
including outcomes on population health.

1.1.2 Clinical Infection control and
animal health biosecurity

Understanding of basic infection prevention
and control procedures related to especially
high consequence pathogens (EHCPs) for
human and animal clinical settings in line with
GHSA and IHR milestones (when applicable),
including standard precautions {PPE use;
disinfection; sterilization); environmental
infection centrel; laberatory testing;
nasocomial infections, including AMR; and
animal health biosecurity principles,
procedures.)

2. Disease
identification,
detection,
confirmation, and
reporting

2.1 Positive identification of
emerging and high
consequence pathogens
(EHCP) and reporting to
appropriate authorities.

2.1.1 Sample collection

Knowledge, understanding and proficiency
with procedures for safely and securely
collecting appropriate specimens/samples for
testing of pathogens (human; animal;
environmental), especially EHCPs, and
handling and packaging of samples for
transport to diagnostic testing laboratories,
based on national and international guidelines
and best practices, while ensuring specimens
will are maintained in condition required for
testing (cold chain and or fixation, etc.)

2.1.2 Test procedures
(presumptive/confirmatory)

Knowledge, understanding and proficiency
with procedures for conducting screening,
diagnostic, and confirmatory testing and
interpreting test results for ECHPs from
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different types of samples using different
types of tests (ELISA, PCR, etc.) for high
consequence pathogens, including test
accuracy, reliability, specificity, and sensitivity
and quality control/quality assurance {QA/QC)
measures needed to validate testing results.

2.1.3 Reporting

Knowledge, understanding and proficiency in
policies and procedures for disease
natification and/or bi-directional reporting of
surveillance and laboratory data through
national information-sharing systems, or to
natify regional/international authorities such
as WHO/OIE/FAQ of a disease, other
significant epidemiological event, or potential
public health emergency of internaticnal
concern (as appropriate to roles and
responsibilities at each operational level).

3. Analvytics,
assessment, and
research

3.1 Appropriate study
design, data analysis, and
implementation of
processes, as applies to
each discipline.

3.1.1 Study design and ethics

Knowledge and understanding of scientific
methodologies and study design principles
(hypothesis development, research plan
development, sampling design, strategy for
data collection and analysis) and application of
research ethics to responsibly address safety,
security, and ethical issues related to the
research aims and hypotheses, including
understanding of issues around dual-use
research of concern.

3.1.2 Methodologies and analysis

Knowledge, understanding and proficiency in
the use of statistical and other relevant
methodologies for scientific research analyses
including practices and approaches for data
collection, use and interpretation of statistical
data analyses, data visualization, and use of
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statistical data software tools.

3.1.3 Dissemination of findings and Knowledge, understanding and proficiency in
outreach to stakeholders the dissemination of research findings through
peer-reviewed scientific journal publications,
conference presentations and public outreach
activities, including engagement with
appropriate stakeholders and partners at
national, regional, and international levels.

3.1.4 Rescurce maobilization and Knowledge, understanding and proficiency in
management the planning, acquisition, mohilization,
allocation, management and tracking of
financial and non-financial resources for
research projects, including proposal
development and grant writing.

4. Management, 4.1 Critical skills, knowledge | 4.1.1 Plan, implements, and Knowledge, understanding and proficiency in
leadership, and and behaviors necessary to | evaluates a project or program program planning, implementation,
advocacy effectively manage projects monitoring and evaluation, including
and programs, lead teams, development and measurement of
champion solutions, inspire appropriate indicators, and advocacy, or
action, and sustain management/oversight of the process.
programs.
4.1.2 Apply program management Knowledge, understanding and proficiency in
technigues throughout the project or | program management, including timeline and
program deliverables management, team building, and

generating high-level stakeholder support.
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4.1.3 Lead culturally diverse teams to
complete a project or program

Knowledge, understanding and proficiency in
developing and leading culturally diverse
teams, ensuring collaboration among team
members, and mentorship of future team
leaders.

5. Quality
management
systems

5.1 Knowledge, skills, and
ahilities required for
developing a culture of
quality. Operations,
services, and infrastructure
integrated in a system that
meets applicable standards,
professional guidelines, and
customer requirements for
ensuring and maintaining
quality and continually
improving services.

5.1.1 Physical environment and
equipment

Knowledge, understanding and proficiency
with facility and equipment operations and
maintenance, and facility management policies
and procedures, in support of establishing a
culture regarding physical environment and
equipment necessary for EHCP detection,
management, and control, or
management/oversight of these operations, in
a system that meets applicable standards,
professional guidelines, and customer
requirements for ensuring and maintaining
quality and continually improving services.

5.1.2 Qualified, well-trained, and
competent workforce

Knowledge, understanding and proficiency
with the principles, processes, and
methodologies for workforce development
and sustainment in relation to EHCP detection,
management, and control, including workforce
planning, training, refresher training,
continuing education, and/or professional
development, in a system that meets
applicable standards, professional guidelines,
and national licensing requirements where
applicable.

5.1.3 Materiel resource management

Knowledge, understanding and proficiency
with procedures and policies for procurement
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and inventory management of materiel
resources, including supply chain systems,
operations, and infrastructure, or
management/oversight of these processes.

5.1.4 Quality review practices and
procedures

Knowledge, understanding and proficiency
with quality assurance, quality control, and/or
quality management review practices and
procedures, based on national or international
best practices.

5.1.5 Document management

Knowledge, understanding and proficiency
with document and information management
policies and procedures, and program
documentation and records/archival
management processes.

6. Qutbreak
preparedness and
surveillance

6.1 Use of operational
guidelines, identification
and analysis of outbreak
situations, and effective
communication with
stakeholders.

6.1.1 Operational guidelines

Knowledge, understanding and proficiency
with development and implementation of
outbreak preparedness, surveillance,
investigation, labaratory practices, and
response planning and operations guidelines,
including case definitions, and demonstrated
ability to use related operational tools such as
emergency preparedness and response plans,
contingency plans, SOPs, and job aids when
available. Special note and care should be
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given to documents designed for health care
workers directly combatting an outbreak.

6.1.2 Identification and analysis

Knowledge and proficiency with principles and
processes for developing and maintaining
disease cuthbreak situational awareness
capabilities, including coordination and
communicaticn or reporting across
surveillance, laboratory, and other data
sources, epidemic intelligence, data analysis,
and field epidemiological and outbhreak
investigation techniques, such as contact
tracing, and decision-making in support of
these activities.

6.1.3 Communication systems

Knowledge and proficiency with development,
implementation, and sustainment of
communications systems for outbreak
situational awareness and response, including
multisectoral and intrasectoral coordination
(including via emergency operations centers or
equivalent assets), operational risk
communication, and public risk
communication.

7. Biosafety

7.1 The application of
knowledge, techniques, and
equipment to prevent
accidental exposure to and
release of emerging and
high consequence
pathogens (EHCP).

7.1.1 Bichazard Identification and
classification

Knowledge, understanding and proficiency
with identification and classification of
bichazards associated with EHCPs, for
laboratories, hospitals, other biomedical and
clinical facilities, and the community, including
bichazard risk assessment and
characterization, and bichazard identification
policies and compliance procedures.

7.1.2 Biohazard Control Measures

Knowledge, understanding and proficiency
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(e.g., personal protective equipment,
safety practices and equipment,
facility design, and administrative
controls).

with development and implementation of
international best practices and procedures for
EHCP biosafety and bichazard control
measures (substitution, elimination,
mitigation) for personnel, equipment, facilities
(laboratories, hospitals, and other biomedical
and clinical facilities) and the community.

7.1.3 Bichazard Incident
Management

Knowledge, understanding and proficiency
with development and implementation of
policies, procedures, and operational
guidelines, including emergency operation
communications systems, for Bichazard
Incident Management for EHCP outbreaks,
releases or exposures,

8. Laboratory
biosecurity

8.1 Prevent theft, misuse,
loss, or deliberate release of
emerging and high
consequence pathogens
(EHCP).

8.1.1 Biosecurity Risk |dentification

Knowledge, understanding and proficiency
with principles and procedures for Biosecurity
Risk identification, risk assessments,
characterization and compliance with
recommended international standards and
best practices to prevent the loss, theft, or
misuse of biological organisms and
laboratory/research technologies.

8.1.2 Biosecurity Risk Mitigation

Knowledge, understanding and proficiency
with international best practices for
Biosecurity Risk Mitigation, and related risk
reduction approaches to enhance physical
security, personnel reliability, material control
and accountability, transport security, and
information security/cybersecurity, and the
development and implementation of
Biosecurity Risk Mitigation strategies for
laborataries, facilities, and personnel to
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prevent the loss, theft, or misuse of biclogical
organismes, especially EHCPs, and
laboratory/research technologies.

8.1.3 Biosecurity Incident
Management

Knowledge, understanding and proficiency
with international best practices for
Biosecurity Incident Management, and
development and implementation of
Biosecurity incident management policies and
procedures for suspected or confirmed illicit
access to pathogens, intruder alerts, and other
biosecurity incidents.




Tab
Cover Page

Please fill out the requested information on all tabs {click on each bottom colored tab or
sheet} labeled Cover Page, Personnel, Publications, Presentations, Impacts, Intellectual
Property, and Transitions. For annual reports, please only describe DTRA funded work for
the reporting period {(July 1, 2019 - June 30, 2020}.

Description

Providing information about the project participants and collaborating crganizations allows an assessment of
performance in promoting partnerships and collaborations.

Publications

The products from an effort demonstrate the excellence of the research and efficacy with which the results are being
communicated to colleagues, potential users, and the public. Publications are the characteristic product of research.
If there is nothing to report during this reporting period, the awardee shall state "Nothing to Report™.

Presentations

The products from an effort demonstrate the excellence of the research and efficacy with which the results are being
communicated to colleagues, potential users, and the public. Many projects (thought not all) may develop products
other than publications. In all cases, if there is nothing to report during this reporting period, the awardee shall state
"Nothing to Report”,

knowledge, enlarges the pool of people trained to develop that knowledge and techniques or put it to use, and
improves the physical, institutional, and information resources that enable those people to get their training and
perfarm their functions. In all cases, if there is nothing significant to report during this reporting period, the awardee
shall state "Nothing to Report”.

Intellectual Property

Information on any intellectual property demonstrates the value of protectable innovative ideas resulting from
sponsored research and includes patents, inventions, and licenses. Submission of this information is not a substitute
for other invention reporting reguirements under the awards terms and conditions, In all cases, if there is nothing
significant to report during this reporting period, the awardee shall state "Nothing to Report”.

Transitions

Refers to cases where knowledge resulting from your DTRA sponsored effort will be further developed for, or will be
used in, a technology application. Transition sponsors can be entities in DoD, other federal agencies, or industry.
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Grant/Award #
Organization/Institution
Project Title

Name of Submitting Official
Title of Submitting Official
Email Address

Phone Number
Submission Date
Reporting Period End Date
Reporting Pericd

Country 1
Country 2
Country 3

SHADED FIELDS ARE REQUIRED

Defense Threat Reduction Agency

HDTRA1-20-1-0026

EcoHealth Alliance

Biosurveillance for Spillover of Henipaviruses and Filoviruses in Rural India
Dr. Jonathan Epstein

Principal Investigator

epstein@ecohealthalliance.org

1.212.380.4471

7/1/2021
June 30th, 2021
Annual
Foreign Spending Country Foreign Spending {$)
55861.3

India
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Enter awards, honors, promotions, or graduations that sccurred during the reporting period for the personnel contributing to this DTRA project.
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wha received the individual who

award or hanar,

farmat.
Impact Description Personnel Type Awardee Name Impact Date Impact Details/Weksite
Eest Grachaerte Student Poster of the
American Physical Sooety winter
conference Groduote Student Jokn Smiith 3/20/2018
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Enter transitions of the research or technology from this DTRA project.

Instructions

Award #

Example

Enter a text description of the transitioned Enter the year Enter the arganization, company, or

research or technology. Enter "nothing to that the transition government agency to the which this

report” if there were no transitions. started. work has {is) transitioning.
Transition Description Year Transitioned to

The accelerator technology for detection of

WMDs transitioned to funding from other

LS government agency for further

development 2020 USGOV Contract # 12-34-5678
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Biosurveillance for Spillover of Henipaviruses and Filoviruses in Rural India,

Dr. Jonathan Epstein
EcoHealth Alliance
HDTRA1-20-1-0026

Objective: To enhance capacity for surveillance for high priority zoonoses in
animals and people in Uttar Pradesh and Kerala. To identify wildlife hosts for
henipaviruses and filoviruses and characterize their distribution near at-risk
human populations, and to conduct targeted biosurveillance in wildlife, livestock
and humans to detect exposure to or infection with high consequence viruses.
Threat Reduction Impact: 1) enhancing field and laboratory capacity to safely
conduct biosurveillance in animals and pecple for henipaviruses and filoviruses;
and 2) conducting targeted biological surveillance in wildlife {esp. bats),
livestock and pecple in rural communities in Uttar Pradesh and Kerala to
determine reservoir hosts for and detect spillover of these viruses; and 3) assess|
the role of livestock and geography in exposure rates of henipa- and filoviruses
in rural communities. Capacity/Capability Building: Through the development of
lab capacity, joint multi-sectoral field surveillance activities, and graduate
student training, India’'s capacity to detect and respond to emerging zoonoses
and identify additional causes of AES and VHF will be significantly strengthened
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Surveillance in animals
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{ 3 "”; V detect & respond to
_/Q spillover earlier

Status of effort: Current collaboration with public
health and vet partners in UP & Kerala; laboratory
team hired, Luminex and lab supplies procurement
underway, local permissions submitted, archived
human samples from study sites currently available;
25 reagents for filo and henipavirus antibody
detection produced and validated.Personnel
Supported: 4 Researchers, 4 University Faculty, 2
Field Veterinarians, 2 Graduate Students, 1 Post-
Doctoral Fellow, 2 Scientific Advisors; 6 Lab
Research Assistants/Techs; 6 Field Scientists, 1
Program Assistant. Publications & Meetings:

Enhance capacity within India to conduct surveillance fc
henipa- and filoviruses Years 1-5Produce & validate
reagents to detect henipa- and filovirus antibodies Year:
5.Conduct wildlife, livestock, and human biosurveillance
rural communities Years 1-5.Carry out hospital-based ai
encephalitis and viral hemorrhagic fever studies in clinic
settings Years 1-5Funding Profile: Y1 $970,566.84 Y
$995,322.63 Y3 $999,666.56 OY4 $998,965.88 OY5
$998,985.95 TOTAL Y1-Y5 $4,963,517.86 Contact
information: Pl: Jonathan H. Epstein 21238-4467
Epstein@ecohealthalliance.orgCo-Pl: Amita Jain
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DTRA Basic Research Annual Report

Please answer all sections of the document. You are welcome 1o use figures and tables to
complement or enhance the text. For annual reports, please only describe work for the period of
performance (July 1, 2020 - June 30, 2021). {Project awarded September 24, 2020)

Grant/Award #: HDTRA1-20-1-0026

Pl Name: Dr. Jonathan Epstein

Organization/Institution: EcoHealth Alliance

Project Title: Biosurveillance for Spillover of Henipaviruses and Filoviruses in Rural India

What are the major goals of the project?

List the major goals of the project as stated in the approved application or as approved by the agency. If
the application lists milestones/target dates for important aclivities or phases of the project, identify these
dates and show actual completion dates or the percentage of completion. Generally, the goals will not
change from one repotting period to the next. However, if the awarding agency approved changes to the
goals during the reporting period, list the revised goals and objectives. Also, explain any significant
changes in approach or methods from the agency approved application or plan.

Our overall goal is to characterize the distribution of henipaviruses and filoviruses in bats and
determine whether undetected spillover into livestock or people has occurred in rural communities in Uttar
Pradesh and Kerala, India. By enhancing capacity at partner institutions to conduct targeted surveillance
for filoviruses and henipaviruses in wildlife, domestic animals, and high-risk rural human populations,
using a One Health appreach, we will reduce threat of future outbreaks. The proposed interdisciplinary
research effort has three objectives: 1) enhance capacity for surveillance for henipaviruses and filoviruses
in animals and people in UP and Kerala; 2) identify wildlife hosts for henipaviruses and filoviruses and
characterize prevalence within these hosts; and 3) conduct targeted biosurveillance in wildlife, livestock,
and humans to determine exposure rates and detect spillover of these high consequence viruses.

What was accomplished under these goals? For this reporting period describe: 1) major activities, 2)
specific objectives; 3) significant results, including major findings, developments, or conciusions (both
positive and negative); and 4) key outcomes or other achievements. Include a discussion of stated goals
not met. As the project progresses, the emphasis in reporting in this section should shift from reporting
activilies to reporting accomplishments.

Task 1.

1) Major activities: Apply for permits and ethical approvals.

2) Specific objectives: To gain approval across One Health research and project areas,
including human sampling permissions, animal sampling permissions, livestock sampling permissions,
ethical approvals, for compliant work to occur across both geographical states {UP and Kerala) through
both local and US-based approving bedies. This includes HMSC research permits/ethical approval via
the Indian Medical Research Council, local IACUC permissicns, wildlife permits will be obtained via the
Forest Cepartment, US IRB and US-based IACUC through Tufts Vet School.

1.1.1. Apply for HMSC research approvals & local ethical approvals,
1.1.2. Apply for IRB, IACUC, HRPO, ACURC approval in US;
1.1.3-2.1.3. Apply for wildlife permits in UP and Kerala.

3) Significant results: All local permissicns and approvals have been generated and submitted
for local clearance. Significant efforts related to this objective include the submission of the human-
sampling ethics clearance through King George Medical University (KGMU), Kerala State and UP State
Forest Department permissions, livestock sampling permissions through Indian Council of Agricultural




Research {ICAR), and Institutional Biosafety Committee clearance through Kerala Veterinarian and
Agricultural Sciences University (KVASU), all of which have been submitted and are pending appreval.
US-based IACUC and IRB have been generated and submission is imminent.

4) Key outcomes: All major local permissions have been submitted, and permission is expected
upon committee hearings. Individual meetings, including those with the State Surveillance Officer in Uttar
Pradesh, were held to discuss and prime stakeholders on project activities in order to facilitate
permissions and approvals. Once all local and US-based permissicns are gained the full project activities
will be able to commence. Permission and approvals further represent a key opportunity and outlet for
stakeholder sensitization and have provided the project with a platform to introduce the objectives of the
research, build local relationships with stakeholders, and build interest and buy-in from community and
instituticnal gate-keepers.

Task 2.

1} Major activities: Enhance capacity within India to conduct biosurveillance for henipaviruses
and filoviruses

2) Specific objectives:
.2.1. Transfer BicRad Bio-Plex 200 machine & reagents and PCR protocols tc KGMU,
.2.2. Hire and train field and lab teams, including a 7-day Luminex training
.2.3 Select 1 PhD student at KGMU and USU and hire a postdec at EHA
.2.4-2 2.4 Create sample repository with tracking system at KGMU.
3) Significant results

The transfer of a Luminex machine has been initiated with Luminex US for shipment of KGMU in
Lucknow, UP, India. The shipment of supplies including reagents is underway between partners from
Uniform Services University (USU)} to King Geerge Medical University, for use with Luminex machine. A
Luminex training has been planned to occur once the machine arrives at KGMU. The lab team at KGMU
has been hired, including a doctoral research associate, research assistants, laboratory technicians, and
a data entry operator. Laberatory SOPs have been shared, and training sessions are being planned to
commence ance supplies and equipment are received.

4) Key outcomes: 7 hospital collaborators have been identified and 6 laboratory and hospital
staff have been hired for this study. The purchase and shipment of a Luminex machine, as well as a
shipment of necessary laboratory supplies, has been initiated. Implementing serological surveillance for
groups of viruses known to cause encephalitis and hemorrhagic disease will greatly enhance the capacity
of local health systems to detect exposure to or past infection in wildlife, domestic animals and human
populations. To establish this capacity, EHA and KGMU will establish a jeint human and animal
surveillance team and train members to safely sample animals and people, using appropriate personal
protective equipment and cther biosafety techniques. We will provide a BioRad Bio-Plex 200 machine
with computer console to KGMU and coordinate training activities for serological surveillance and pan-
henipavirus and pan-filovirus consensus PCR assays for molecular analysis using existing PCR
capabilities at KGMU's virology lab. The hiring of the research team allows for targeted and novel
capacity huilding efforts in at KGMU, a highly skilled and respected diagnostic laboratory, in disease
detection methods and One Health approaches to surveillance.

1
1
1
1

Task 3.

1) Major activities: Produce & validate reagents t¢ detect henipa- and filovirus antibodies:

2) Specific objectives:
1.3.1.-0¥5.3.1 Provide reagents to partner labs;
1.3.2-0Y5.3.2 Produce reagents for newly discovered viruses;
1.3.3-2.3.3 Train technicians from KGMU to develop reagents & run pseudovirus neutralization assay.

3) Significant results: Protein production and assay validation is part of the ongoing
collaboration between EceHealth Alliance, the Uniformed Services University, and the King George
Medical University in Lucknow, India. Throughout Year 1, our team has produced and validated reagents




recombinant henipavirus attachment glycoprotein (G) for antigen-based serology. These G protein
antigens will be used for the planned retrospective human sera screening of banked samples stored at
KGMU. Reagents are prepared to ship and are planned to be sent as choreographed with the arrival of
the Luminex machine,

4) Key outcomes: These assays will be used to screen bat samples and hospitalized patient
sputum and CSF for viral RNA. Testing bat samples and acutely ill hospital patients by PCR may allow us
to detect viral RNA during active infection, providing important information about the diversity of viral
strains circulating within bat species that may account for human infection and observed immune
responses seen on Luminex.

Task 4.

1} Major activities: Develop/maintain project database

2) Specific objectives: Develop a functional database that allows for the secure storage,
sharing, and analysis of field and lab data and metadata, that will also cennect to sample tracking
software so that data is linked to sample IDs in repository. Database will be adaptable to new types of
data that may arise during project.

3) Significant results: We have created a functional project database which is bespoke to the
current project's data needs which are complex and interdisciplinary in nature. The project database uses
an Airtable platfcrm which is relational in structure and links data records across tables. Our project
database in Airtable allows for collaborative data entry efforts across sampling and lab efforts, as well as
secure remote storage, tiered access, and the capacity to hold multitudinous data points. The online
database is able to contain all information related to field work and field sites, bat, livestock and human
samples, and results of molecular assays. We have also created a SOP for the database which includes
clear guidance on use, data quality/data assurance measure, and a data dictionary.

4) Key outcomes: An online database tailored to the specific project needs has been created.
This database allows for the secure, organized and comprehensive storage of data across multiple
sampling and lab efforts. The database allows for report generation, data cleaning measures, and
analysis tools. The database works across data collection platforms and allows multiple data types to be
stored together in a secure, central system.

Task 5.

1) Major Activities: Screen archived human VHF and AES samples from KGMU

2) Specific Objectives:

1.5.1-2.5.1. Archived specimens identified/logged/tested

1.5.2.-3.5.2 Results entered into database.

3) Significant results: The partnership between EHA and KGMU has been formed through a
signed sub awardee agreement, representing the ability for KGMU to use their robust biobank to screen
archived samples. While the project awaits the impending shipment of supplies and the Luminex
equipment, the KGMU laboratory team has been formed and primed to receive training on the Luminex
platform.

4) Major Outcomes: The KGMU subaward has been established, and 6 hospital and labcratory
staff have been hired, in anticipation of the screening of archived samples. King George's Medical
University hospital is a referral hospital that serves patients from all over Uttar Pradesh. Annually, KGMU
sees more than 300 BHF cases and 1000 AES cases, many of which are negative to known agents such
as Dengue or JEV. Professor Jain has led studies of AES and VHF, and by screening archived serum
and CSF frem patients whe have previously volunteered and consented to use of their samples for this
aim, we will be able to assess the baseline prevalence and geographic distribution of henipaviruses and
filoviruses in this population of acutely ill patients, which will inform our sampling strategy for the village
cross sectional studies as well as deepen our understanding of whether these agents play a significant
role in causing severe VHF or AES in UP. We will screen 600 archived sera from VHF patients and from
900 AES patients using the Bioplex assay. Up to 300 CSF samples will be screened using PCR.




Task 6.

1) Major Activities: Hospital-based AES and VHF studies

2) Specific Objectives: 1.6.1-0Y4.6.1 Hospital staff identified and trained on study protocols

3) Significant results: The KGMU hospital staff team has been identified, including collabaorators
in the KGMU Department of Pediatrics, Medicine, Neurology, Microbiology, as well as research and
laboratory associates and assistants. The team awaits the materials and supplies required for a full
training on study protocols and methedologies. The human clinical survey has been created as a
standardized qualitative and quantitative data collection tool.

4) Major Outcomes: 7 hospital collaberators have been identified and 6 laboratory and hospital
staff have been hired for this study. The hiring and training of the hospital-based team will allow for
samples to be taken frem a clinical setting in an ethical, efficient, and scientifically sound manner. Data
from this study will generate new hypotheses about the prevalence of NiV and EBOV related viruses in
India, as well as support the human behavioral risk underpinning these diseases of interest.

Task 7.

1) Major Activities: Wildlife, livestock, and human biosurveillance in rural communities

2) Specific Objectives:

1.7.1.-0Y4.7 1. study sites selected

1.7.2-0Y5.7.2 human, wildlife, and domestic animal samples collected and tested

3) Significant results: While the Indian subcentinent has been experiencing the extremely
disruptive effects of the COVID-19 pandemic, the project has thus far been able to address the matter of
site selection using a literature review, expert knowledge, and species mapping. Experts in bat biology
have been utilized to map hat species distribution in UP and Kerala, and expect use these tools to inform
further efforts in site selection when travel is safe. Areas in UP and Kerala where key bat species are
found will be considered in conjunction with overlapping areas of livestock farming, as well as human
seftlements.

4) Major Outcomes: Bat distribution mapping efferts have been undertaken by members of the
Animal Health team across UP and Kerala. A literature review of relevant bat species has been
performed as a feundational source of information relevant to site selection, which will inform the mapping
exercise and in-person field visits and reconnaissance once is reasonably safe. A standardized data
collection survey tool has been developed to be used in human community sampling efforts.




Task 8.

1) Major Activities: Analyze data

2) Specific Objectives: Analyze field epi and lab results.

3) Significant results: Nene to report.

4) Major Outcomes: While no major data collection efforts have been undertaken at the point in
the project, the project database has been created with this major activity and specific objective in mind.
The project database has been designed in order to facilitate rapid analysis and generate, present and
publish epidemiclogical and other project data.

Task 9.
1) Major Activities: Disseminate results to relevant stakeholders
2) Specific Objectives:
1.9.1-5.9.1 Submit annual reports to DTRA.

1.9.2-0Y5.9.2 Provide results to local stakeholders.

3) Significant results: None to report.

4) Major Outcomes: Annual report generated for DTRA, July 2021. A local stakeholders meeting
is planned to occur July 2021 with leadership from Co-PI's Dr. Amita Jain of KGMU, Dr. Prejit Nambiar of
KVASU, Dr. Arun Zacariah of Kerala Wildlife Department, and Dr. Rajesh Bhatia, formerly of WHO
SEAROQ. This planned stakeholder's meeting represents a major point of relationship building and
stakeholder engagement for the project, and is expecied to inform project ahility to gain rapid approvals,
disseminate project results, and further implement the project successfully.

What samples has the project collected and what methodologies has the project implemented?
For this reporting period, use the impact questions below to guide your discussion of. 1) sample
collection; 2) sample storage, 3) taboratory techniques; and 4) sustainment of skills. You shotild provide
an annual sample repository list to include all samples collected from this research effort. Discuss how
you plan tc maintain samples colfected during the proposed research effort, along with relevant metadata,
for at least 12 months after the project end date. If nearing the end of the project, you should state a plan
and schedtile for final disposition of EDP samples collected in suppott of the research effort.

Samples

- What are the roles and responsibilities of each patrtner in sample collection for pathogen identification?
- How wilf the sample coffection, field or clinical, methodologies practiced during this research project
have long-term impact on sustained and durable capabilities?

Laboratory or Clinical Technigiies

- What are the laboratory techniques built or reinforced during the duration of the research project?

- How wilf the techniques and practices taughit through the duration of the research project support fong-
term sustainment and durability of skils in partner country(ies)?

Al this point in the project, approvals, permissions, and permits are underway to allow for sample
collection to occur. Due to the hardship imposed by the ongoing COVID-19 pandemic in India, this
already involved process has an elongated timeline. As such, no samples have been collected for the
project thus far, Despite this, progress has been made in terms of the creation of methodologies for future
use.

All biological samples will be collected in duplicate and stored in our partner lab at KGMU in
secure ultra-cold freezers. Samples will be tracked using specialized lab software and linked to a
database with all metadata collected at the time of sampling. Samples will be tracked using specialized
lab software and linked to our project database with all metadata collected at the time of sampling.
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We will provide protocols and training for sample collection, handling, and storage in the field and
lab, using established biosafety and biosecurity protocols, including those developed under PREDICT.
We will provide a BioRad Bio-Plex 200 machine with computer censole to KGMU and coordinate training
activities for serclogical surveillance and pan-henipavirus and pan-filovirus consensus PCR assays for
molecular analysis using existing PCR capabilities at KGMU's virology lab. Co-Fl Broder and Co-| Laing
(USU) will provide Bioplex / ELISA reagents for all henipa- and filovirus assays to KGMU. Epstein (EHA)
will provide the Bioplex machine and PCR protocols. Drs. Broder and Dr. Laing will run a 7-day training
course for KGMU lab technicians and invite technicians from UP state medical and veterinary diagnostic
labs which currently have ELISA capabilities. To manage and reduce hiothreat, a secure, dedicated -80C
freezer will be installed at KGMU for project samples. Commercial software will be used to log and curate
samples in the lab, creating a sample repository at KGMU.

What opportunities for training and professional development has the project provided?

if the research is not intended to provide training and professional development opportnities or there is
nothing significant tc report during this reporting period, state “Nothing to Repornt.”

Use the impact questions below to guide your discussion of opportunities for training and professional
development provided to anyone who worked on the project or anyone who was involved in the activities
supported by the project. Please indicate for each fraining: participants, objectives, duration, subject
matter, outcomes, and assessment results. For trainings aligned to BTRP Training Domains,
Competencies, and Proficiencies Framework (DCPs), please indicate the competencies associated with
the training according to the matrix. “Training” activities are those in which individuals with advanced
professional skills and experience assist others in attaining greafer proficiency. Training aclivities may
include, for example, courses or one-on-one work with a mentor. “Professional development” aclivilies
resuft in increased knowledge or skill in one’s area of expertise and may include workshops, conferences,
seminars, study groups, and individual study. Include participation in conferences, workshops, and
seminars not listed under major aclivities.

Training

- How will the trainings completed through this project contribute o long-term durability of the capabiiities
this project reinforces?

- What are the capabilities built, reinforced, and/or improved upon in the pariner country through the
efforts of this research project?

- What are the areas of challenge in terms of transitioning alf research capabilities to partner cotntries
and sustaining these efforts?

Conference Attendance/Knowledge Sharing (Network Building)
- How did you leverage conferences, seminars, and stakeholder meetings to support and engage partner
country scientists affifiated with the research?




- How has this research feveraged local and regional threat reduction networks to sfrategically address
current or future biclogical threats?

- How has this research strengthened the capabilities of partner country scientists to identify and secure
competitive research funding through networking and scientific coflaboration activities?

Nothing to Report

How have the results been disseminated to communities of interest?

If there is nothing significant to report during this reporting period, state “Nothing fo Report.”

Use the impact questions below to guide your discussion of how the results have been disseminated fo
communities of interest. Include any oufreach activities that have been undertaken to reach members of
communities who are not usually aware of these research activities, for the purpose of enhancing public
understanding and increasing interest in learning or careers in science, technology, and the humanities.

Transparency

- How has this research endorsed a cufture of transparency within, and between local, regional, and
international stakeholders associated with this effort?

- How has this research supported public awareness and prevention strategies in the local and regionat
communities of partner country(ies)?

Inteltectual Property/Publications

- How have the protocols and information fearned during the research project informed disease detection
and surveillance knowledge (protocols, SOPs, training) in the long-term?

- How wilf the information garnered from the research affect standard guidance on disease detection for
clinical health professionals? This impact can be in the form of guidance updates, clinical guidelines, or
supporting evidence for poficy changes at the country-level.

Evidence Based Data Communication to Stakeholders

- How has this research enhanced or supported mechanisms (SOPs, commiliees, outreach, elc.) to share
resources, expertise, and data between local, regional, and international stakeholders?

- How has this research supported a communication plan to national and international public health
stakeholders in the event of a public health emergency of international concern?

Nothing to report

What do you plan to do during the next reporting period to accomplish the goals?

if there are no changes fo the agency-approved application or plan for this effort, state "No Change.”
Describe briefly, what you plan to do during the next reporting period to accomplish the goals and
objectives.

At the time of this report, there are no major changes to the agency-approved plan for this effort, and we
expect that all tasks and subtasks will be achieved despite the increased difficulties as a result of the
COVID-19 pandemic in India. However, an adjustment has been made in order ¢ best achieve the goals
of the project. In the approved proposal, the earliest surveillance efforts for human hospital sampling,
human community sampling, wildlife sampling, and livestock sampling were slated to occur in firstly Uttar
Pradesh, while our efforts in Kerala were staggered to begin later in Y2, and increase in subsequent
years. During the period in which we are seeking permissions, approvals and permits, we have been
seeking permissions to work in both states. Based on leadership and identified capacity in Kerala for
performing wildlife training, especially through our partners at Kerala Wildlife Department, and KVASU,




we have decided to assemble and train the animal team in Kerala. In deing so, we have identified
pragmatic reasons for developing plans to work in both states at the earliest point of appreval. This will
allow us to cemmence field work as soon as permissions are granted fully. This shift will give us
increased flexibility sheuld there be unavoidable delays in one state or another, based ¢n the pandemic,
natural/climate conditions, political conditions, or otherwise. It also allows the project to best utilize the

capacity and leadership of the emerging Animal Health team in Kerala, working in concert with team in
Uttar Pradesh.




From: Aleksei Chmura

To: Fh\(ﬁ\ |

Cc foiE) } whitney Bagge; Joe Riccardi; Billy Karesh
Subject: Re: [Non-DoD Source] FRBA14-6-2-0471 Clarifications

Date: Thursday, September 17, 2020 11:38:05 AM

Attachments: DTRA Jordan Budget 28 Aug 2020.xI5x

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser,

DearfP)®)

Please find our excel file with a breakdown of EcoHealth Alliance costs and with separate tabs for our subcontracts.
Call me anytime, it you have additional questions or need other documents.

Many thanks!

-Aleksei

Aleksei Chmura, Ph}
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-4182

+1.212.380.4473 < tel:1.212.380.4469 > (office)
|(b){6) |> {mobile)
Cavtion-www.ecohealthallhance.org < Caution-hip:fwww ecohealthalliange org! =

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation,

On Sep 14,2020, at 11:23 [P)O)
|(b){6) | > wrote:

Good morning,

Thank you for documents as they will come in handy. Would you be able to provide an excel breakdown of
EHA and subs?

From: Aleksei Chmura <‘chmura@ecohealthalliance.org <“mailto:chmyraiéecohealthalliance, org >
Sent: Wednesday, September 2, 2020 12:34 PM

To 1{b){6)
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<mailtofb)6) |
Subject: Re: [Non-DoD Source] FRBA14-6-2-0471 Clarifications

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Much appreciated/®)X®)

[ cannot imagine how you get through all these documents. We only have a few proposals/awards to justify and
it seems like an enormous task for us!

[f [ may help you quickly locate certain documents in our forms and files, please call or text my handphone
anytime day or night.

Many thanks again!

-Aleksei

Aleksel Chmura, PhDD
Chief of Staff

EcoHealth Alliance

520 Eighth Avenue, Suite 1200

New York, NY 100]18-4182

b)(6) “tel:1.646.413.3437 > (mobile)
Caution-www.ecohealthalliance.org <hitp:/cantion-www gcohealthalliange orgd> <

Cauntion-http://www ecohealthalliance. org =

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.

On Sep 2. 2020, at 12:17b)E)
<mailtd®NE) = wrote:

Yes , they were received. Thank you

From: William B. Karesh <kareshecohealthalliance.org <mailto:kareshi@iecohealthalliance.orp> <

Cantion-mailto: kareshitecohealthalliance.org = >

Sent: Wednesday. September 2. 2020 11:16 AM

Tofb)e) |
<mai1td b)(6) |:» =

Ce: Aleksei Chmura <chmuraiecohealthalliance.org <mailto:chmuraigecohealthalliance.org> <
Cantion-mailto.chmurajigecohealthalliance.org > >

Subject: Fwd: [Non-DoD Source] FRBA14-6-2-0471 Clarifications

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the



authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Dearfh)(6)

[ just wanted to confirm that you received the email below earlier this week.

Thanks!!

William B. Karesh, D.V.M
Executive YVice President for Health and Policy

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018 USA

+1.212.380.4463 (direct)

+1.212.380.4465 (fax)

Caution-Caution-www.ecohealthalliance.org <http:/caution-caution-www.ecohealthalliance.org/> <
Caution-http://caution-Caution-www.ecohealthalliance.org/ > < Caution-
Caution-mailto:kareshigiecohealthalliance.org < Caution-mailto:kareshigiecohealthalliance.org > =

President, OIE Working Group on Wildlife
Co-chair, IUCN Species Survival Commission - Wildlife Health Specialist Group

EPT Partners Liaison, USAID Emerging Pandemic Threats - PRETMCT-2 Program

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.

Begin forwarded message:

From:Aleksei Chmura <chmuraggecohealthalliance.org <mailto:chmurafeecohealthalliance.org= <
Caution-mailto.chmuraigecohealthalliance.org = < Caution-Caution-mailto:chmuratecohealthalliance org <
Cantion-mailto.chmuraigecohealthalliance.org > > >

Subject:Re: [Non-DoD Source] FRBA14-6-2-0471 Clarifications

Date: August 30, 2020 at 8:14:36 PM EDT



T[T

<mailto ‘aution-

Cantion e

=

Cfpio)
<mailt aution-

Cautio > =, Billy Karesh
<karesh{@ecohealthalliance.org <mailto:kareshigcecohealthalliance.org: «
Caution-mailto:kareshigiecohealthalliance.org = < Caution-Caution-mailto:kareshigcecohealthalliance.org <
Caution-mailto:kareshigiecohealthalliance.org = = >, Whitney Bagge <bagge(gecohealthalliance.org
<mailto:baggeicecohealthalliance.org™ < Caution-mailtocbaggei@ecohealthalliance.org = < Caution-
Caution-mailto:bagpefuecohealthalliance.org < Caution-mailto:baggeigiecohealthalliance.org = = >, Catherine
Machalaba <machalaba(@ecohealthalliance.org <mailto:machalabateecohealthalliance org> <
Caution-mailto:machalabai@gecohealthalliance.org > < Caution-Caution-mailtosmachalabafiecohealthalliance.org <
Caution-mailto:machalabaigiecohealthalliance.org = > =, Joe Riceardi <riccardif@;ecohealthalliance.org
<mailto:riccardifecohealthalliance.org> < Caution-mailto:riccardii@ecohealthalliance.org > < Caution-
Caution-mailto:riccardiigiecohealthalliance.org < Caution-mailto:riccardiigiecohealthalliance.org > = >

Dear[(b)(6)

Please find attached seven files:

1) FRBAAT4-6-2-0471 Clarifications FINAL.xlsx
2) EHA Budget Justification FINAL.docx

3) EHA Documentation FINAL.pdf

4) Human Link Budget Justification FINAL.docx
5) Human Link Documentation_FINAL.pdf

6) JUST Budget Justification FINAL.doex

7V JUST Documentation_FINAL.pdf

There are three sets of paired files with the requested documentation (PDFs) and track-change budpet
Jjustifications (MS Word) for EcoHealth Alliance and our two subcontracts under this proposal. We have also
included the clarifications (M$ Excel) with respenses to the specific questions in each tab.

Please let me know, if there are additicnal questions or any other documentation is required.
Many thanks!

-Aleksei

Aleksei Chmura, PhD
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 100]18-4182

—1.212.380.4473 < tel:1.212.380.44069 < tel:1.212.380.4469 > > (office)

fb)(E) [ = (mobile)

Caution-Caution-www.ecohealthalliance.org <<http://caution-caution-www ;
Cauntion-http://caution-Caution-www.ecohealthalliance.org/ = < Caution-Caution-hitp:iwww ecohealthalliance orp/
< caution-C aution-http:‘www . ecohealthalliance org/ = =




EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.



From: Aleksei Chrnura

To: foi6) |

Ce: [bi6) [Whitney Bagge: Joe Riccardi; Billy Karesh
Subject: Re: [Non-DoD Source] FRBA14-8-2-0471 Clarifications

Date: Thursday, September 17, 2020 11:38:05 AM

Attachments: DTRA Jordan Budget 28 Aug 2020 .xlsx

All active links contained in this email were disabled. Please verify the identity of the sender, and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Please find our excel file with a breakdown of EcoHealth Alliance costs and with separate tabs for our subcontracts.
Call me anytime, if you have additional questions or need other documents.
Many thanks!

-Aleksei

Aleksei Chmura, PhID
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 10018-4182

+1.212.380.4473 < 1el:1.212.380.4469 > (oftice)
o)) P (mabile)
Caution-www ecohealthalliance.org < Caution-hip:/www ecohealthalliance org/ >

EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.

On Sep 14, 2020, at 11:23, Lyles, Latrice D CTR DTRA AL (USA)
<mailigb)e) |> wrote:

Good morning,

Thank you for documents as they will come in handy. Would you be able to provide an excel breakdown of
EHA and subs?

Sent: Wednesday, September 2, 2020 12:34 PM

To EYE)




FRINL el

Eeean

E El % T
EEIEEE PRI T AR A e
; . H R

IR H
R 5

Tt en 5 1M |5 smane § o anmo) T 5

3 teoko K4 [S S MhU W et w KR Y E N

N0 T TN TR T WA T MR |3 ARAANA

T P
PRy B ) % T
T S % T
B 3 5 = T S & o
) H H H = .
1 F 5 b 5
F 5 s H n
Lz 5 5 = 5 o
5 5 H
5 5 5 5 PR
- - T . . > g
- - - - )
i - - . . R
T T $ 1mmec $amzw iz
H - “ o e “
s asara s H H H
o 5
E T PS5 w0 s
o & o D
E El % T T
% K] P ot " s
s = .
B H 562




Travel TOTAL Domestic Travel TRTAL
A 605 1 e | “raceler 1 am Kaneah HE )]

o Wen L®ang ) ol R B S| HERE 255 HERE stz HE]
Wty 2 b dueds © Fur Diert 132007 el ard Il Capenses F2 enr |3 2 |5 1t 2 |5 223 T2
sT0z T B ] LT ER 50 20
3 ETHE ETHE N 232
) e s ) E ] : i ] : i
[T T z T o Trigs z B 7 B
B T BMED) § GodGo0 5 3RL0Y |5 saieamy 5 ol |3 TTlol |5 rdeld £ _GH a5 Lasiod
wer s willar <aren 1= o d, “raseler 2 Latherne W zthalika iNY UG
i War e Do |4 3 L maand ) Farel Max e e (5 e
Euals - L el B B T ames oty el B iy P een |© [’
B B PSETH T a3 500
3 k|8
B ) 7 EE
. L 1
B B PN RN T sttal |5 YT T
i “raseler 3 _fmen ng Mesng o
; B B B ) Farel Max Fe- e |5 5 om
5 5 5 torals il hdensal Exg ity P D | 5 18
B B B B T o
5 5 5 ) 3 Lull

M i i
S BMED) 5 G3ael0 (5 264 B0 |3 rBOABD F 2ERIEC |5 GBGAB) § D S04 A [5 adia)

K 5 ML ol
! “raveler 4 #resenurg doresie MER 45 1WH (Marglard?
L o1oam s T Farel tax Fe- 2 |5 w5 wra w5 W
) 5 omen t 5 Loson s ) #zaly ol el €5 iess e S | a7 s a7 nz 5 17
5 AR50 < 5 BRI T Tan et [T 2,360 5 FLnng 2,360 5 R
Trarsporbsiwr Dstorsle [ BRE © (o2l BRE © uhd
I w I w ] B ] B
! N Tops 6o ¥rar ) z Jl ) z 2 ! o fotriding El : B F )
5 TOEANIGC [5 5403 T TANIGN (5 540ING [T FATIREN ol |7 - SOE3LECN 5 ZALEAC [LOF3LECN 5 2253 M
T e 3 - Doy Dl e |
ot W zwber am LEE
Wral s e Arils Faprrars Foe D 1.027 0
73
LX)
: T Togs ot ran 7 T .
S U050 T N LT 30 [5 U505 T L LT 30 [5 U500 03 [T A3.075 M
[ Coevile e cn Gy 1T |3 P FETEA|
| VLEKLT [I5LS | & S sdadsr |3 S cdauc |3

| asznh |3 ar |

e (IMED kg

ke R Par Dieer (5 [
Heals 2 ac Incdenl: taperses Her ter [§ dan %
. Tawbeamane (4 25800 5 K
Tl £~ e |5 1495 ¢
e D F]
Inips per ¥ear B
Torar 4 FAaTon 5
' afees [4 w0amn s )
Waviel e Dusla |5 £33 00
Corlreme Neyg higlor Fees [5 S0200 5 5 .00
LR L dLEAEL
R A3 55




i 8 Mk a5
Wy mer sy mers 3
N
T T Tan T
T ERTE [ETH
S - B B
¥ - . .
5
S - B B
¥ - . .
5
Wy & w5 e 3, et 3, wouat 3,
T T T T
H B B
w
3




JUST 1 w2 i3 o1 avE Tulal
b Y2 Y3 a o2 Base A Senior'ey Personnel
12 12 12 12 "2 § 27 4600 Cr Ehah Ahu-Basha, CePl 127,940 0 127 540,00 Sd7A40 o 127 040.00 “d7 o400 639 7aG.00
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Qnailt(l{b){S) |
Subject: Re: [Non-DoD Source] FRBA14-6-2-0471 Claritications

All active links contained in this email were disabled. Please verify the identity of the sender. and confirm the
authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Much appreciated[©)(€)

[ cannot imagine how you get through all these documents. We only have a few proposals/awards to justify and
it seems like an enormous task for us!

[f T may help you quickly locate certain documents in our forms and files, please call or text my handphone
anytime day or night.

Many thanks again!

-Aleksei

Aleksel Chmura, PhD
Chief of Staff

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 100]8-4182

b)6) > (mobile)
AU O & W S U AT e T OT =] tpccaution-www ecohealthalliance org/> <
Caution-http:fwww . ecohealthalliance.ore >

EcoHealth Alliance develops science-based selutions to prevent pandemics and promote conservation.

On Sep 2. 2020, ar 12,177
<mailtof*X®) —

Yes . they were received. Thank you

From: William B. Karesh <karesh(@ecchealthalliance.org <mailto:karesh(@ecohealthalliance org> <
Caution-mailto:karesh(@ecohealthalliance org > >
Sent: Wednesday. September 2, 2020 1'1:16 AM
ToL)E)
<mailf F
Cc: Aleksel Chmura <chmura@ecohealthalliance.org <mailto:chmura(@ecohealthalliance. org> <
Caution-mailto:chmura@ecohealthalliance.org = >
Subject: Fwd: [Non-DoD Source| FRBA14-6-2-0471 Clarifications

All active links contained in this email were disabled. Please verify the identity of the sender. and confirm the



authenticity of all links contained within the message prior to copying and pasting the address to a Web browser.

Dear F2)E)

[ just wanted to confirm that you received the email below earlier this week.

Thanks!!

William B. Karesh, D.V.M
Executive Vice President for Health and Policy

EcoHealth Alliance
520 Eighth Avenue, Suite 1200)
New York, NY 10018 USA

+1.212.380.4463 {direct}

+1.212.380.4465 (fax)

Caution-Caution-www.ecohealthalliance.org <http.//caution-cantion-www.ecohealthalliance.org/> <
Caunon-http:/cantion-Cantion-www.ecohealthalliance org/ > < Caution-
Caunon-mailto:karesh(ecohealthalliance. org < Caution-mailto:karesh(@ecohealthalliance org > >

President. OIE Working Group on Wildlife
Co-chair, IUCN Species Survival Commission - Wildlife Health Specialist Group

EPT Partners Liaison, USAID Emerging Pandemic Threats - PREDICT-2 Program

EcoHealth Alliance develops science-based selutions to prevent pandemics and promote conservation.

Begin forwarded message:

From:Aleksei Chmura <chmura{@ecohealthalliance.org <mailto:chmuraf@ecohealthalliance.org> <
Caution-mailto:chmura@ecohealthalliance.ore > < Caution-Caution-mailto:chmura{@ecohealthalliance org <
Caution-mailto:chmuraf@ecohealthalliance.org > > =

Subject:Re: [Non-DoD Source] FRBA14-6-2-0471 Clarifications

Date: August 3}, 2020 at 8:14:36 PM EDT



o)

<mailto

Caution|

aution-
>

(b6}
<mailty

Caution

<karesh(@ecohealthalliance.org <mailto-karesh(@ecohealthalliance.org> <

antion-
>, Billy Karesh

Caumtion-mailto:karesh(@ecohealthalliance.are > < Caution-Caution-mailto:kareshi@ecohealthalliance.ore <
Caution-mailto:karesh(@ecohealthalliance.org > > >, Whitney Bagge <bagge(@ecohealthalliance.org
<mailto:haseel@ecohealthalliance.orp™> < Caution-mailto:bascel@ecohealthalliance.org > < Caution-

Caution-mailto:bageef@ecohealthalliance ore < Caution-mailto:hasse(@ecohealthalliance.ors > = >, Catherine

Machalaba <machalzaba@ecohealthalliance.org <mailto:machalaba{@ecohealthalliance org> <
Caunon-mailto:machalaba@ecohealthalliance.org > < Caution-Caution-mailtosmachalabad@ecohealthalliance org <
Caution-mailto: machalaba@ecohealthalliance.org > > >, Joe Riccardi <riccardi@ecohealthalliance.org
<mailto:riccardig@ecohealthalliance. org> < Caution-mailto:riccardi(@ecohealthalliance org > < Caution-

Caution-mailte:riccardi(@ecohealthalliance ore < Cantion-mailto:riccardif@ecohealthalliance org > > >

Dealbie)

Please find attached seven ftiles:

1) FRBAAI4-6-2-0471_ Clarifications_ FINAL.xIsx
2) EHA Budget lustification_FINAL .docx

3) EHA Documentation_FINAL.pdf

4) Human Link Budget Justification_FINAL.doex
5) Human Link Documentation_FINAL.pdf

6) JUST Budget Justification_FINAL .docx

7) JUST Documentation_FINAL.pdf

There are three sets of paired files with the requested documentation {PDFs) and track-change budget
justifications {M8 Word) for EcoHealth Alliance and our two subcontracts under this proposal. We have also

included the clarifications {(M$S Excel) with responses to the specific questions in each tab.

Please let me know, if there are additional questions or any other documentation is required.

Many thanks!

-Aleksei

Aleksei Chmura, PhD
Chief of Staff &
Authorized Organizational Representative

EcoHealth Alliance
520 Eighth Avenue, Suite 1200
New York, NY 100]8-4182

+1.212.380.4473 < 1el:1.212.380.4469 < tel:1.212.380.4469 > > (office)

B®)

P > (mobile)

Caution-Caution-www ecohealthalliance.org <htp:/ic;

Caution-http:fcantion-Caution-www.ecohealthalliance. ore/ = < Caution-Caution-hitp:/www ecohealthalliance ores

< caution-Cantion-http/www.ecohealthalliance.orgd > =




EcoHealth Alliance develops science-based solutions to prevent pandemics and promote conservation.



From; (o)) |
To: "William B Karesh'; "Aleksel Chmurg"
Cec: b)E)

{USA}; DTRA Ft Belvoir SI Mailbox SI-FMKA SPS Contracts; "onr boston@naw.mil"!{b){S)

e ]

Subject: Jordan Award
Date: Tuesday, September 29, 2020 4:22:00 PM
Attachments: Terms and Conditions {DTRA-specific] 145ep2020 FIMAL pdf

HDTRA1-20-1-0029 Award.pdf
EHA Jordan SOW.pdf

Attached you will find the award documentation for grant HDTRA1-20-1-0029: Reducing the Threat of Middle Last
Respiratory Syndrome Coronavirus and Avian Influenza in Jordan & Strengthening Regional Disease Surveillance
Capacity. Please confirm once you have received thig email, thank you.

Vir

b){8)

Contract Specialist » Broadleaf

Defense Threat Reduction Agency (DTRA)

Office Phonel(b){S) |

[F1®) |
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DEFENSE THREAT REDUCTION AGENCY (DTRA)
GENERAL TERMS AND CONDITIONS FOR GRANT AWARDS
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Revised 14 September 2020 EXHIBIT B

1. Terms and Conditions Incorporated by Reference.

The DoD Research and Development General Terms and Conditions, most current version as
of the date of grant award, are hereby incorporated by reference and are available for
download at website http://www.onr.navy.mil/Contracts-Grants/submit-proposal/grants-
proposal/grants-terms-conditions.aspx.

2. Acceptance of Grant.

The recipient is not required to countersign the Grant document; however, the recipient
agrees to the conditions specified in the Research Grant and the Articles contained herein
unless notice of disagreement 1s furnished to the Grants Officer within fifteen (15} calendar
days after the date of the Grants Officer's signature. In case of disagreement, the recipient
shall not assess the Grant any costs of the research unless and until such disagreement(s) is
resolved.

3. Recipient Responsibilities.

The recipient will bear primary responsibility for the conduct of the research and will
exercise Judgment towards attaining the stated research objectives within the limits of the
Grant's Terms and Conditions.

The Principal Investigator(s) (PI) specified in the Grant award will be continuously
responsible for the conduct of the research project and will be closely involved with the

research effort. The PI, operating within the policies of the recipient, is in the best position to
determine the means by which the research may be conducted most effectively.

4. Standards for Financial Management Svstems.

Where the Federal Government guarantees or insures the repayment of money borrowed by
the recipient, DTRA, at its discretion, may require adequate bonding and insurance if the
bonding and insurance requirements of the recipient are not deemed adequate to protect the
interest of the Federal Government.

DTRA may require adequate fidelity bond coverage where the recipient lacks sufficient
coverage to protect the Federal Government's interest.

Where bonds are required in the situations described above, the bonds shall be obtained from
companies holding certificates of authority as acceptable sureties, as prescribed in 31 CFR
Part 223, “Surety Companies Doing Business with the United States.”

5. Maodification of the Grant.

The only method by which this Grant may be modified is by a formal, written modification
signed by the Grants Officer. No other communications, whether oral or in writing, are
valid.

Prior Approvals are required as follows:

1) Expenditures on equipment costing $5,000 or more not specifically identified in the
budget at time of award. (Approval via written notification from the Grants Officer.)

2) Expenditures for foreign travel not specifically identified in the budget at time of award.
(Approval via written notification from the Grants Officer.)

Page 2 of 14



Revised 14 September 2020 EXHIBIT B

3) Prior approval is not required to transfer amounts budgeted for indirect costs to absorb
mcreases in direct costs, or vice versa.

4) Prior approval is not required to carry forward an unobligated balance to a subsequent
period of performance under this award.

6. Payments.

The 2 CFR 200 governs responsibilities concerning payments, with the following
clarifications:

Recipients shall submit requests for payment using Invoicing, Receipt, Acceptance, and
Property Transfer (1IRAPT) at https://wawf.eb.mil/. Any request for advance payments must
be approved by the Administrative Grants Office shown in Block 6 of the award. The
request shall be submitted to the Administrative Office identified in Block 6 of the Research
Grant by entering the following routing codes:

1) Pay Office DoDAAC: See Block 12 (Code) on the first page of the Grant.
2) Inveice Type: Non Procurement Instrument (NPI) Voucher.

3) Issue By DoDAAC: See Block 5 (Code) on the first page of the Grant.

4) Admin DoDAAC: See Block 6 (Code) on the first page of the Grant.

5) Grant Approver: Same as Admin DoDAAC (Leave Ext. blank).

Payments will be made by the Defense Finance and Accounting Service (DFAS) office
specified in the Research Grant (Block 12).

A foreign awardee must have a U.S. bank account and be signed up for electronic payments
(electronic funds transfers (EFT)).

7. Funding Increments and/or Options.

The recipient is advised that the Grantor's obligation to provide funding for increments
and/or options included in the Grant is contingent upon satisfactory performance in the
Judgment of the DTRA Scientific Officer/Technical Monitor and the availability of funds.
Other factors will be considered before options will be exercised (for example. expenditure
rate and current programmatic objectives). Accordingly. no legal liability on the part of the
Grantor exists unless or until funds are made available to the Grantor and notice of such
availability is confirmed in writing to the recipient. Refer to the Funding Profile in Section G
of the Grant for additional incremental funding planned. but not currently obligated for the
Grant.

Funding Increments — In no event is the Government obligated to reimburse the recipient for
expenditures in excess of the total funds allotted by the Government to this agreement.
Recipients should note that low expenditure rates reported on payment requests may be cause
for deferral of future increments. The Government anticipates unilateral modifications for
funding increments.

Options — If the agreement contains Option(s), the Government reserves the right to exercise
the Option(s) unilaterally.

Page 3 of 14
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8. Patent Rights.

Patent Rights are governed by 37 CFR 401.14 with the following ¢larifications: All DTRA-
related disclosures, confirmatory licenses to the government, patent applications, and other
communications should be submitted using 1Edison (https:/public.era.nih.gov/iedison), a
single web interface for government grantees to report details of inventions and patents. .

The 37 CFR Part 401 invention reporting requirements are summarized at iEdison
(https://era.nih.gov/iedison/invention timeline.htm}). If the grantee organization is not
already an iEdison registrant, then iEdison registration is required prior to submission of the
below invention reports. The grant shall not be closed out until all invention reporting
requirements are met.

The recipient shall also submit interim and final Reports of Inventions using the DD882 form
(https:/fwww.arl.army.mil/www/pages/2 1 8/d882.pd{). Interim invention reports shall be
submitted annually, listing subject inventions reported during that period or that there are no
such inventions. These reports are due no later than 1 July of each year. Grants effective
after 31 January will not require a report until 1 July the following year. A final report shall
be submitted within ninety (90} days after end of the project, listing all subject inventions or
stating that there were no such inventions. These Reports of Inventions should be submitted
to:

1) The DTRA Grants Officer via email (the address specified in the grant’s clause
252.601-9000 may be used);

2) The Administrative Officer listed in the Grant via email (Block 6 of the SF-26 award or
Block 7 of the SF-30 modification);

3) Asdirected by DTRA, email or portal; and

4) E-mailed to dtrabasicresearch@mail.mil (file size must be less than 10MB). File should
be named by the Grant number and “Invention Report” (e.g. HDTRA1-12-1-9999
Invention Report).

9. Technical Reporting Requirements.

Research Performance Progress Report (RPPR). Except under rare cases, RPPRs are
required annually. The RPPR is due no later than | July of each year. Grants effective after
31 January will not require a RPPR until 1 July of the following year.

The RPPR is not a cumulative report. The first RPPR shall only include actions that
occurred from the Period of Performance start date up to submission of the first RPPR. Each
subsequent report shall only include actions that occurred during the 12-month period
following the previous year’s RPPR.

A RPPR is not required in the final year of the award if the period of performance ends
within 60 days of the RPPR due date. In this instance the Final Report will satisfy the
requirement. Broadly the RPPR shall address the following items:

e  Accomplishments
¢ Products

¢ Participants and Other Collaborating Organizations

Page 4 of 14



Revised 14 September 2020 EXHIBIT B

e Impact
e Changes/Problems

Templates and specific instructions will be provided each year in advance of the submission
deadline. All files must be submitted via email to drabasicresearch{@mail.mil {individual
file size must be less than LOMB). A copy of the RPPR should also be provided to the
Administrative Office identified in the Grant. The file names should be as follows:

¢ RPPR: Year Annual Report Grant Number, e.g. 2017 Annual Report HDTRA1-12-1-
9999.

o Metrics: Year Metrics Grant Number, e.g. 2017 Metrics HDTRA1-12-1-9999.

Quad Chart. An updated quad chart must be submitted annually. A template will be
provided each year in advance of the submission deadline. All files must be submitted via
emall to dirabasicresearchf@mail.mil (ndividual file size must be less than 10MB). The file
name should be as follows:

¢ Quad Chart: Year Quad Chart Grant Number, e.g. 2017 Quad Chart HDTRA1-12-1-
9999,

Annual Technical Review. At least one representative (preferably the PI) for each award is
expected to attend and present at an annual technical program review meeting, unless
otherwise exempted by DTRA in writing. For planning purposes reviews will typically be
for two days in Northern Virginia during the spring or summer months.

Final Technical Report. A comprehensive final technical report 1s required: the draft
document 1s required forty-five (45) days prior to the end of the Period of Performance and
the final document is required ninety (90) days after the expiration or termination of the
award.

The purpose of the final report is to document and to transition the results of the effort into
the DTRA and DoD applied research community. The final report will always be sent to the
Defense Technical Information Center (DTIC) and unclassified reports may be made
available to the public through the National Technical Information Service (NTIS).

The final report is more than an extension of previous annual reports. The final report shall
be a comprehensive technical summary of the significant work accomplished. The final
report, where it is not readily accessible in published form should, where applicable:

¢ C(Clearly describe and illustrate the experimental equipment, setup, and procedures;
e Characterize and tabulate collected/computed data in an appendix;

e Suifficiently describe computational codes so they can be reproduced. Include a listing of
the code in an appendix if possible and appropriate; and

¢  When the research effort culminates in the production of one or more student theses or
dissertations, in these cases, the most significant advancements and conclusions
(equations, figures, relationships, etc.) should be included in an executive summary. The
theses or dissertations should be attached as appendices only if they are not readily
available. If they are, clearly reference them and how they can be obtained. Also include
in the executive summary. cumulative lists of people involved in, and publications
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stemming from, the research effort. Do not include copies of already submitted or
published articles in the final report.

Standard Form (SF) 298, Report Documentation Page, must be used. Item 13 of the SF-298
should contain a 100 to 200 word abstract summarizing technical progress during the
reporting period. The SF-298 may be found on the Internet at:

hitp:/f'www.gsa. goviportal/forms/download/1 16146

All of the report pages should be prepared for acquisition and distribution by DTIC. All of
the report pages should be of good quality for copying purposes. No pages should be
missing.

The format and standard required by your institution for the preparation of theses and
dissertations shall be used for the final report. In the absence of any institutional standards,
you may wish to refer to the American National Standards Institute {ANSI} document
Z39.18-1987, “Scientific and Technical Reports: Organization, Preparation, and
Production,” for guidance. The report may be obtained from:

American National Standards Institute, Inc.
1430 Broadway
New York, NY 10018

It is anticipated that all final technical reports will be unclassified and that distribution will
not be limited. However, for final technical reports that require a limited distribution as
deemed necessary by DTRA, a Distribution List will be provided with the comments on the
draft final technical report. The Distribution List should be formatted to match the rest of the
report, placed at the end of the report, and added to the Table of Contents. The number of
pages in the Distribution List should be added to the total page count and included in the total
number of pages cited in Block 15 of the SF-298.

The draft of the final technical report will be due not later than forty-five (45) days prior to
the end of the period of performance. The draft of the final technical report (including a draft
SF-298) must be submitted electronically as follows:

¢ Email the draft of the final technical report to dtrabasicresearch(@mail.mil (file size must
be less than 10MB). The file name should be *Draft Final Report” and the Grant number,
e.g. Draft Final Report HDTRA1-12-1-9999.

o Provide a copy of the report to the Administrative Office identified in the Grant.

Within thirty (30) days. this draft will be reviewed by DTRA and comments will be provided
to the Grantee to ensure the report complies with DTRA final report requirements. Such
review and comment does not restrict the conduct or reporting of the project research
findings/outcomes and. in accordance with Article 35, does not restrict Grantee's ahility to
publish. Grantee shall incorporate such requested changes so that the report incorporates and
complies with agreement final reporting requirements terms. Final Technical Reports are
due ninety (90) days after the expiration or termination of the award. The final submission
should be made in accordance with the draft final report submission instructions.

Final Metrics. A final metrics table (in MS Excel format) is required. A template and
specific instructions will be provided in advance of the submission deadline. The final
metrics file should be submitted along with the Final Technical Report. The fields contained
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in the final metrics file are analogous to those of the annual submissions. The final metrics
file shall contain only data from the last annual reporting period until the end of the award’s
funded Period of Performance.

¢ Email the final Metrics File to dtrabasicresearch(@mail.mil {file size must be less than
1OMB). The file name should be ‘Final Metrics’ and the Grant number, e.g. Final
Metrics HDTRA1-12-1-9999.

10. Financial Reporting Requirements.

Federal Financial Reports (SF-425) are due no later than 1 July of each year with data “as of”
30 May of that year. Grants effective after 31 January will not require a Federal Financial
Report until | July of the following year. All financial reports shall be submitted to the
Administration Office identified in Block 6 of the Research Grant. In addition, the Federal
Financial Report must be submitted electronically as follows:

o Email the Federal Financial Report to dtrabasicresearch(@mail.mil {file size must be less
than 10MB). The file name should be the Year, ‘Federal Financial Report’ and the Grant
number, e.g. 2015 Federal Financial Report HDTRA1-12-1-9999.

11. Delegation of Administration Duties.

Certain grant administration duties have heen delegated to the Administration Office
identified in Block 6 of the Research Grant. These duties are as follows:

1) Provisionally approve all Grant and Cooperative Agreement Vouchers.

2) Perform all property administration services except the approval of recipient’s requests to
purchase equipment with grant funds. Such approvals must be granted by the DTRA
Grants Officer.

3) Perform all plant clearance functions.

4) Approve requests for Registration for Scientific and Technical Information Services (DD
Form 1540}.

5) Obtain all financial report(s) (see Article 10 of this document).

6) Execute administrative closeout procedures, which include the following:

a. Obtain the final Report of Inventions and Subcontracts (DD Form 882).
Obtain final payment request, if any.

c. Obtain final property report and dispose of purchased property and government
furnished equipment (GFE) in accordance with the DoDGARs Part 22, Subpart G.

d. Perform a review of final incurred costs and assist the Grants Officer in resolving
exceptions, 1f any, resulting from questioned costs.

e. Assure that all refunds due the Government are received by the Grantor.

NOTE: This term and condition is not applicable to instrumentation and equipment grant
awards.

12. Security.
As a general rule, PUs will not need access to classified security information in the conduct
of research supported under this Grant. Should it appear that access to such information is

desirable the recipient shall advise the Grantor and request clearance for the investigator.
Should information be developed during the course of work under this Grant that, in the
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Judgment of the PI or the recipient, should be classified, the Grants Officer shall be notified
immediately.

13. Representations and Assurances.

By accepting funds under this Grant, the recipient assures that it will comply with applicable
provisions of the national policies and statutory/regulatory/executive-based requirements
detailed below.

LIVE ORGANISMS. By signing this agreement or accepting funds under this agreement,
the recipient assures that it will comply with applicable provisions of the following national
policies concerning live organisms:

1) For human subjects:

a) Adhere to the requirements for protection of human subjects per the DoD level terms
and conditions as well as the following DTRA requirements:

b} The recipient shall adhere to DTRA local clause 252.223-9002 — Protection of
Human Subjects (Aug 2010). The full text of this clause i1s as follows:

All research under this grant involving human subjects must be conducted in
accordance with 32 CFR 219, 10 U.S5.C 980, and DoDD 3216.02, as well as other
applicable federal and state regulations. Grantees must be cognizant of and abide by
the additional restrictions and limitations imposed on the DoD regarding research
involving human subjects, specifically as regards vulnerable populations (32 CFR
219 modifications to subparts B-D of 45 CFR 46}, recruitment of military research
subjects (32 CFR 219), and surrogate consent (10 U.S.C. 980).

DTRA Directive 3216.01 of June 9, 2010 establishes the DTRA Human Subjects
Protection Program, sets forth the policies. defines the applicable terms, and
delineates the procedures necessary to ensure DTRA compliance with federal and
DoD regulations and legislation governing human subject research. The regulations
mandate that all DoD activities, components, and agencies protect the rights and
welfare of human subjects of study in DoD-supported research, development, test and
evaluation, and related activities hereafter referred to as “research”. The requirement
to comply with the regulations applies to new starts and to continuing research.

The DTRA directive requires that research using human subjects may not begin or
continue until the Defense Threat Reduction Agency’s Research Oversight Board
(ROB) has reviewed and approved the proposed protocol. Grantees and
subcontractors are required to submit a valid federal assurance for their organization
(institution, laboratory. facility) that has been issued by either DoD or the Department
of Health and Human Services, and documentation of review of proposed protocols
by the local Institutional Review Board (IRB} to include consent forms for any
planned research using human subjects to the DTRA ROB for its review through the
Grants Officer’s representative (if assigned) or the Grants Officer. The ROB review
is separate from, and in addition to, local IRB review.

A study is considered to involve human research subjects if: 1) there is interaction
with the subject (simply talking to the subject qualifies; no needles are required); and
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2) if the study involves collection and/or analysis of personal/private information
about an individual, or if material used in the study contains links to such
information.

Written approval to begin research or subcontract for the use of human subjects under
the proposed protocol will be provided in writing from the DTRA ROB. through the
Grants Officer. A copy of this approval shall be maintained by both the Grantee and
the government. Any proposed modifications or amendments to the approved
protocol or consent forms must be submitted to the local IRB and the DTRA ROB for
review and approval. Examples of modifications/ amendments to the protocol
include but are not limited to:

¢ achange of the PI;

s changes in duration or intensity of exposure to some stimulus or agent;

¢ changes in the information requested of volunteers, or changes to the use of
specimens or data collected; or

¢ changes in perceived or measured risks or benefits to volunteers that require
changes to the study.

Research pursuant to such modifications or amendments shall not be initiated without
IRB and ROB approval except when necessary to eliminate apparent and immediate
hazards to the subject(s).

Research projects lasting more than one year require IRB review at least annually, or
more frequently as required by the responsible IRB. ROB review and approval is
required annually. The Grantee or subcontractor must provide documentation of
continued IRB review of protocols for ROB review and approval in accordance with
these Terms and Conditions. Research must not continue without renewed ROB
approval unless necessary to eliminate apparent and immediate hazards to the
subject(s).

Non-compliance with any provision of this clause may result in withholding of
payments under the grant pursuant to the grant’s payments clause(s) and/or grant
termination pursuant to the grant’s termination clause(s}). The government shall not
be responsible for any costs incurred for research involving human subjects prior to
protocol approval by the ROB.

2) For animals:

a. Adhere to the requirements for protection of animal subjects per the DoD level terms
and conditions as well as the following DTRA requirements:

b. DTRA local clause 252.235-9001 — Prohibition of Use of Laboratory Animals {Jul
2010y, The full text of this clause 1s as follows:

The grant recipient shall obtain approval from the US Army Medical Research and
Material Command (MRMC), Animal Care and Use Review Office (ACURQO) prior
to conducting research on live nonhuman vertebrates. Studies involving non-human
primates, dogs. cats, or marine mammals will require a site visit by an ACURO
laboratory animal veterinarian as a condition of approval. DoD may also conduct site
visits involving research on other animals when deemed appropriate. The animal

Page 9 of 14



Revised 14 September 2020 EXHIBIT B

research facility 1s responsible for notifying the DoD sponsor if Association for the
Assessment and Accreditation of Laboratory Animal Care accreditation is lost or the
facility is under USDA inspection. DoD also has the right to a site inspection under
these circumstances.

The grant recipient (including subcontractors) is expressly forbidden to use laboratory

animals in any manner whatsoever without the express written approval of MRMC
ACURO.

The grant recipient shall complete the ACURO Animal Use Appendix for Research
Involving Animals found at the following web site:

hitp://mrme.amedd.army. mil/index.cfm?paveid=research _protections.acuro _animalap
pendix. Submit the completed ACURO appendix. contact information, the DTRA
grant number and a copy of the grant for processing to the email address listed at the
ACURO website. Once ACURO approves the effort, the grant recipient will receive
written approval to begin animal use from the US Army MRMC ACURO by separate
email. The grant recipient shall promptly provide a copy of the approval to the
Grants Officer and Grants Officer representative. After approval, changes or protocol
amendments must be submitted to and approved by ACUROQO before implementation.

The grant recipient, or subcontractors as appropriate, shall submit the most recent
U.S. Department of Agriculture Animal Care Inspection Report annually in
accordance with instructions provided.

Non-compliance with any provision of this clause may result in termination of the
grant.

DoD Instruction 3216.01, dated September 13, 2010, provides policy and
requirements for the use of animals in DoD-funded research based on Army
Regulation 40-33. The DoD definition of animal is any live nonhuman vertebrate.
All proposals that involve the use of animals must be in compliance with DoD
Instruction 3216.01 and AR 40-33. DTRA requires that research using animals not
begin or continue until the ACURO has reviewed and approved the proposed animal
use. For animals, the provisions include rules on animal acquisition, transport, care,
handling, and use in: (i} 9 CFR parts 1-4, Department of Agriculture rules that
implement the Laboratory Animal Welfare Action of 1966 (U.S.C. 2131-2156); and
(11) the “Guide for the Care and Use of Laboratory Animals.” National Institutes of
Health Publication No. 86-23

RESEARCH INVOLVING RECOMBINANT DNA MOLECULES. Any recipient
performing research involving recombinant DNA molecules and/or organisms and viruses
containing recombinant DNA molecules agrees by acceptance of this award to comply with
the National Institutes of Health “Guidelines for Research Involving Recombinant DNA
Molecules,” July 5, 1994 (59 FR34496) amended August 5, 1994 (59 FR40170) amended
April 27, 1995 (60 FR 20726), or such later revision of those guidelines as may be published
in the Federal Register.

COMBATING TRAFFICKING IN PERSONS. The recipient agrees to comply with the
trafficking in persons requirement in Section 106(g) of the Trafficking Victims Protection
Act of 2000 (TVPA)}, as amended (22 U.S.C. 7104(g)} as implemented by 2 CFR 175.
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1) Provisions applicable to a recipient that is a private entity.

a. You as the recipient, your employees, sub-recipients under this award, and sub-
recipients’ employees may not—

* Engage in severe forms of trafficking in persons during the period of time that
the award is in effect;

s Procure a commercial sex act during the period of time that the award is in
effect; or

s Use forced labor in the performance of the award or subawards under the
award.

b. We as the Federal awarding agency may unilaterally terminate this award, without
penalty, if you or a sub-recipient that is a private entity—
¢ [s determined to have violated a prohibition in paragraph [)a. of this award
term; or
¢ Has an employee who is determined by the agency official authorized to
terminate the award to have violated a prohibition in paragraph 1})a. of this
award term through conduct that is either—
o Associated with performance under this award; or
o Imputed to you or the sub-recipient using the standards and due process
for imputing the conduct of an individual to an organization that are
provided in 2 CFR Part 180, "OMB Guidelines to Agencies on
Government-wide Debarment and Suspension (Non-procurement),” as
implemented by our agency at 2 CFR Part 376.

2) Provision applicable to a recipient other than a private entity.

a. We as the Federal awarding agency may unilaterally terminate this award, without
penalty, if a sub-recipient that is a private entity—
¢ [s determined to have violated an applicable prohibition in paragraph 1)a. of
this award term; or
s Has an employee who is determined by the agency official authorized to
terminate the award to have violated an applicable prohibition in paragraph
Da. of this award term through conduct that is either—
o Associated with performance under this award; or
o Imputed to the sub-recipient using the standards and due process for
imputing the conduct of an individual to an organization that are provided
n 2 CFR Part 180, "OMB Guidelines to Agencies on Government-wide
Debarment and Suspension (Non-procurement},” as implemented by our
agency at 2 CFR Part 376.

3) Provisions applicable to any recipient.

a.  You must inform us immediately of any information you receive from any source
alleging a violation of a prohibition in paragraph 1)a. of this award term.
b. Our right to terminate unilaterally that is described in paragraph 1}b. or 2)a. of this
Article:
¢ Implements Section 106(g) of the TVPA, as amended (22 U.S.C. 7104(g)).
and
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s Is in addition to all other remedies for noncompliance that are available to us
under this award.

¢. You must include the requirements of paragraph l)a. of this award term in any
subaward you make to a private entity.

4) Definitions. For purposes of this award term:

a. "Employee” means either:
¢ An individual employed by you or a sub-recipient who 1s engaged in the
performance of the project or program under this award; or
s Another person engaged in the performance of the project or program under
this award and not compensated by you including, but not limited to, a
volunteer or individual whose services are contributed by a third party as an
in-kind contribution toward cost sharing or matching requirements.

b. "Forced labor” means labor obtained by any of the following methods: the
recruitment, harboring, transportation, provision, or obtaining of a person for labor or
services, through the use of force, fraud, or coercion for the purpose of subjection to
involuntary servitude, peonage. debt bondage, or slavery.

c. "Private entity":

¢ Means any entity other than a State, local government, Indian tribe, or foreign
public entity, as those terms are defined in 2 CFR 175.25.
¢ Includes:

o A non-profit organization, including any non-profit institution of higher
education, hospital, or tribal organization other than one included in the
definition of Indian tribe at 2 CFR 175.25(b).

o A for-profit organization.

d. "Severe forms of trafficking in persons,” "commercial sex act,” and "coercion” have
the meanings given at Section 103 of the TVPA, as amended (22 U.S.C. 7102).

PROHIBITION ON USING FUNDS UNDER GRANTS AND COOPERATIVE
AGREEMENTS WITH ENTITIES THAT REQUIRE CERTAIN INTERNAL
CONFIDENTIALITY AGREEMENTS. The recipient agrees to comply with the
requirements in section 743 of the Financial Services and General Government
Appropriations Act, 2015 {(Division E of the Consolidated and Further Continuing
Appropriations Act, 2015, Pub. L. 113-235):

1) The recipient may not require its employees, contractors, or sub-recipients seeking to
report fraud. waste, or abuse to sign or comply with internal confidentiality agreements or
statements prohibiting or otherwise restricting them from lawfully reporting that waste,
fraud, or abuse to a designated investigative or law enforcement representative of a
Federal department or agency authorized to receive such information.

2) The recipient must notify its employees, contractors, or sub-recipients that the
prohibitions and restrictions of any internal confidentiality agreements inconsistent with
paragraph 1} of this award provision are no longer in effect.

Page 12 of 14



Revised 14 September 2020 EXHIBIT B

3) The prohibition in paragraph 1) of this award provision does not contravene requirements
applicable to Standard Form 312, Form 4414, or any other form issued by a Federal
department or agency governing the nondisclosure of classified information.

4) If the Government determines that the recipient is not in compliance with this award
provision, it:

a.  Will prohibit the recipient’s use of funds under this award, in accordance with
section 743 of Division E of the Consolidated and Further Continuing Resolution
Appropriations Act, 2015, (Pub. L. 113-235) or any successor provision of law,
and

b. May pursue other remedies available for the recipient's material failure to comply
with award terms and conditions.

14. Data Collection.

Data collection activities, if any, performed under this Grant are the responsibility of the
recipient. Awarding agency support of the project does not constitute approval of the survey
design, questionnaire content, or data collection procedures. The recipient shall not represent
to respondents that such data are being collected for or in association with the awarding
agency without the specific written approval of the cognizant awarding agency official.
However, this requirement 18 not intended to preclude mention of the awarding agency
support of the project in response to an inquiry or acknowledgment of such support in any
publication of this data.

15. Publications and Acknowledgement of Sponsorship.

Publication of results of the research project in an appropriate professional journal is
encouraged as an important method of recording and reporting scientific information. .

The recipient agrees that in the release of information relating to the grant, such release shall
include the following statement, “The project or effort depicted was or 1s sponsored by the
Department of the Defense, Defense Threat Reduction Agency. The content of the
information does not necessarily reflect the position or the policy of the federal government,
and no official endorsement should be inferred.” For purposes of this provision, information
includes news releases, articles, manuscripts, brochures, advertisements, still and motion
pictures, speeches, trade association proceedings, symposia, etc.

When issuing statements, press releases, requests for proposals, bid solicitations, and other
documents describing projects or programs funded in whole or in part with federal money, all
recipients receiving federal funds, shall clearly state: (i) the percentage of total costs of the
program or project which will be financed with federal money, and (i1) the dollar amount of
federal funds for the project or program.

16. Authorization to Perform Activities Abroad.

If the award recipient is a foreign institution, the recipient assures that it has been duly
authorized to operate and do business in the country or countries in which the grant is to be
performed; that it has obtained all appropriate licenses, permits, and approvals required in
connection with the grant's proposed activities; and that it will fully comply with all the laws,
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decrees, labor standards and regulations of such country or countries during the performance
of the grant. U.S. Government funds may not be used in support of a project which is
prohibited by law in the country or countries in which it is undertaken. DTRA does not
assume responsibility for the recipient’s compliance with the laws and regulations of the
country or countries in which the activities are to be conducted.

17. Inconsistency between English Version and Translation of Grant.

The foreign recipient shall ensure that all contract correspondence that 1s addressed to the
U.S. Government is submitted in English or with an English translation. In the event of
inconsistency between the terms of the grant and any translation thereof into another
language, the meaning in the English language shall control.

18. Value Added Tax (VAT) and Other Taxes

During implementation of grant activities, the recipient will notify DTRA as soon as they
become aware of any VAT or other taxes, exceeding $500.00 per transaction, not identified
in the grant proposal and outside those considered VAT costs associated with travel,
including and limited to lodging, meals, and transportation. A “transaction’” 1s defined as a
single purchase by the recipient and transactions may not be deliberately split in order to
avoid compliance with the $500.00 limit. DTRA approval in writing with documentation of
extraordinary circumstances is required prior to the recipient using any DTRA funds for
VAT or other taxes exceeding $500.00 per transaction, and a grant modification may be
required. The recipient understands that in the event that DTRA is unable to secure approval
to use DTRA funds for VAT or other taxes exceeding $500.00 per transaction, the purchase
of applicable items may not proceed. For those instances where the recipient has received
written approval to use DTRA funds to pay VAT or other taxes on any item(s) exceeding
$500.00 per transaction, the recipient will include this information in its financial reports
(e.g., SF 425) to DTRA.

19. Prohibition on the Use of Cooperative Threat Reduction Funds in the Russian
Federation

Recipients of grants or cooperative agreements in Thrust Area 6 are prohibited from using
DTRA funds for activities in the Russian Federation.
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Scction B - Supplies or Services and Prices

ITEM NO
0001

ITEM NO
000101

SUPPLIES/SERVICES QUANTITY
1

Years 1-3: FRBAA14-6-2-0471

FFP

Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and Avian
Influenza in Jordan & Strengthening Regional Discase Surveillance Capacity. In
accordance with the following attachements: SOW al attachment | dated 3/18/2020

UNIT

Lot

UNIT PRICE
$2,957,164.19

and DTRA Terms and Conditions {or Grant Awards dated 09/14/2020 at

attachment 2
FOB: Destination
uooo

SUPPLIES/SERVICES QUANTITY

Funding to support CLIN 0001
FFP

ACRN AA
CIN: HDTRA10361120001

UNIT

NET AMT

UNIT PRICE

NET AMT

HDTRA12010029

Page 2 of 10

AMOUNT
$2.957,164.19

$2.957.164.19

AMOUNT
$0.00

$0.00

$2.956,308.78



ITEM NO

(002
OPTION

ITEM NO

0003
OPTION

SUPPLIES/SERVICES QUANTITY UNIT UNIT PRICE

1 Lot $999,970.32
Year 4: FRBAB14-6-2-0471
FFP
Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and Avian
Influenza in Jordan & Strengthening Regional Discase Surveillance Capacity. In
accordance with the following attachements: SOW at attachment | dated 3/18/2020
and DTRA Terms and Conditions for Grant Awards dated 09/14/2020 at
attachment 2
FOB: Destination

uone
NET AMT
SUPPLIES/SERVICES QUANTITY UNIT UNIT PRICE
l Lot $042,857.34

Year 5: FRBAA [4-6-2-0471

FFP

Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and Avian
Influenza in Jordan & Strengthening Regional Disease Surveillance Capacity. In
accordance with the following attachements: SOW at attachment 1 dated 3/18/2020
and DTRA Terms and Conditions for Grant Awards dated 09/14/2020) at
attachment 2

FOB: Destination

uooe

NET AMT
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AMOUNT
$996.970.32

$990.970.32

AMOUNT
$942.857.34

$942,857.34
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Scction C - Descriptions and Specifications

CLAUSES INCORPORATED BY FULL TEXT

252.601-9002  GRANT REFERENCE INFORMATION (MAY 2009)

a. This grant is awarded as a result of Broad Agency Announcement (BAA) HDTRA1-11-16-BRCWMI)-
BAA, Research and Development Enterprise, Basic and Applied Sciences Directorate, Basic Research for
Combating Weapons of Mass Destruction (C-WMD).

h. CFDA #: 12.351]

¢.  Authority: 10 U.S.C 2358 as amended.

(End of Clause)



Scction E - Inspection and Acceplance

INSPECTION AND ACCEPTANCE TERMS

Supplies/services will be inspected/accepted at:

CLIN INSPECT AT INSPECT BY ACCEPT AT
0001 Destination Government Destination
000101 N/A N/A N/A

0002 Destination Government Destination

0non3 Destination Government Destination

HDTRA12010029
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ACCEPT BY
Government
N/A
GOVCI'I"I]TICI'I[
GOVCI'I"I]TICI'I[



Scction F - Deliveries or Perlformance

DELIVERY INFORMATION

CLIN DELIVERY DATE QUANTITY

0001 POP 29-SEP-2020 TO N/A
28-SEP-2023

Non101 N/A N/A

non2 1 yr. AOE 1

0003 1 vr. AOE 1

HDTRA12010029
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SHIP TO ADDRESS DODAAC/

CAGE
DEFENSE THREAT REDUCTION HDTRALI
AGENCY/CT-]

(b}(6)

|8!35 JOHN ] KINGMAN ROAD MSC 6201
FORT BELVOIR VA 22060-6201

(o)) |

FOB: Destination

N/A N/A

DEFENSE THREAT REDUCTION HDTRAL
AGENCY/CT-1

[e)

8725 JOHN 1. KINGMAN ROAD MSC 6201

FORT BEI VOIR VA 22060-6201
(b)(6)

FOB: Destination

(SAME AS PREVIOUS LOCATION} HDTRAL1
FOB: Destination
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Scction G - Contract Administration Dala

ACCOUNTING AND APPROPRIATION DATA

AA 044315097 0134 000 N 20182020 D 34HQ 0901515BR_KD_BP_OT_18 1820_0134_34HQ_SCNCT DTRA 410
AMOUNT: $2.956.308.78

ACRN  CLIN/SLIN CIN AMOUNT

AA 000101 HDTRAT036] 120001 $2.956 308.7%
CLAUSES INCORPORATED BY FULL TEXT
252.601-9000  GRANT POINTS OF CONTACT (MAY 200%)

a. Grant Specialist:
Name: [P)®)
Detense Threat Keduction Agency/AL-ACC
8725 John J. Kingman Road, MS 6201
Fort Belvoir, VA 22060-6201
Telephonefb)6) |
Email address:|(b){6)

b. Grantee Business Office:
Name: Dr. Aleksei Chmura
Title:  Exccutive Organizational Representative
Phone: (212) 380 - 4473
E-mail: chmura@ccohealthalliance.org

c. Grantee Principal Investigator (PI):
Name:  Dr. William Karesh
Tile:  Executive Vice President of Health and Policy
Phone: (212) 380 - 4463
E-mail: karesh{@ecohealthalliance.org

(End of Clausce)

252.601-9001  GRANTS OFFICER'S REPRESENTATIVE (GOR) (MAY 2009)

d. Grants Officer’s Representative (GOR) for this Grant 1s:

Name: tb){S) |
Defensg Threar Reauction Agency/BTRP

8725 John I. Kingman Road
Fort Belvoir, VA 22060-6201
telephonel®)(E] |
email address:l(b){S)
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b. SCOPE AND LIMITATIONS OF AUTHORITY FOR DTRA GRANTS OFFICER’S
REPRESENTATIVE

1. The Grants Officer's Representative (GOR) is responsible for monitoring the technical and
programmatic performance ol the grant or cooperative agreement (hereinafter referred 1o as agreement)
including compliance with the agreement's reporting requirements. Perceived deviations (rom the
agreement's terms and conditions shall be brought to the attention of appropriate recipient personnel and if
not corrected. to the attention of the Grants Officer. Deviations or other occurrences indicative of the
recipient’s inability or unwillingness to conform to the agreement'’s requirements shall be brought to the
immediate attention of the Grants Officer.

2. The GOR has no authority to modify the stated terms of the agreement or specifications in any manner,
or to approve any action that would result in additional charges to the Government. The DTRA Grants
Officer must make all such changes in writing,

3. The GOR is authorized to correspond directly with the recipient on matters within the scope and
limitations of his or her authority. All such correspondence shall be signed personally by the GOR and a
copy will hbe furnished the Grants Officer for placement in the official agreement file.

4. The GOR will provide technical advice to the recipient to the extent such advice will not alter any of
the agreement's terms and conditions or result in an increase in the estimated cost of the agreement's
performance as specitied i the agreement. The GOR is encouraged to discuss with the recipient new ideas
related to the original scope of the agreement that may be of special interest to DTRA. The GOR should
also be alert for indications that any part of the rescarch is becoming unfruitful. If, as a result of such
discussions, guestions arisc as to the possible need for a modification, the matter shall be brought to the
immediate attention of the Grants Officer. The GOR shall not direet the recipient to undertake any action
that the recipient believes Lo be contrary (o the agreement's scope. Lerms or condilions without the wrilten
approval ol the Grants Officer.

5. Any visits to the recipient’s {acilities on matlers pertaining 1o the agreement will be documenied in a
briel memorandum. A copy will be provided the Grants Officer [or placement in the official agreement
file.

6. The GOR will maintain such work tiles as he or she deems necessary to properly document
performance of the duties and responsibilities as a GOR. Upon completion of the agreement and delivery
of all required reports, such work files will be tforwarded to the Grants Officer for placement in the official
agreement file.

7. In performance of the GOR's duties, the GOR shall constantly stress protection of the Government's
interests. Similarly, the GOR shall avoid any act which may tend to compromise the position of DTRA,
any individual member of DTRA or which will impact confidence in the integrity of DTRA with the
business community,

(End of Clause)

2526329000  GRANT FUNDING PROFILE (MAR 2012)
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FUNDING PROFILE:

The amount of $2,956,308.78 is obligaled for work to be performed during

the period beginning with grant award and continuing through September

28.2023. Addilional incremental {unding planned. bul not obligated, is:

FY 21 $835.41

The Government’s liability is limited to the amount obligated

Invoice Schedule
1 9/29/2020 $79,500.24
2 10/29/2020 $79,500.24
3 L1/29/2020 $79,500.24
4 12/29/2020 $79,500.24
5 172972021 $79,500.24
6 2/28/2021 $79,500.24
7 3/29/2021 $79,500.24
8 42972021 $79,500.24
9 5/29/2021 $79,500.24
10 6/29/2021 $79,500.24
1 7129/2021 $79,500.24
12 8/29/2021 $79,500.24
13 9/29/2021 $79,500.24
14 10/29/2021 $79,500.24
15 L1/29/2021 $79,500.24
16 12/29/2021 $79,500.24
17 1/29/2022 $79,500.24
18 2/28/2022 $79,500.24
19 3/29/2022 $79,500.24
20 4/29/2022 $79,500.24
21 5/29/2022 $79,500.24
22 6/29/2022 $79,500.24
23 7129/2022 $79,500.24
24 8/29/2022 $79,500.24
25 9/29/2022 $79,500.24
26 10/29/2022 $79,500.24
27 L1/29/2022 $79,500.24
28 12/29/2022 $79,500.24
29 1/29/2023 $79,500.24
30 2/28/2023 $79,500.24
31 3/29/2023 $79,500.24
32 4/29/2023 $79,500.24
33 5/29/2023 $79,500.24
34 6/29/2023 $79,500.24
35 7129/2023 $79,500.24
36 8/29/2023 $79,500.24
37 9/28/2023 $79,500.14

(End of Clause)
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Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and Avian Influenza in
Jordan & Strengthening Regional Disease Surveillance Capacity/PL Karesh
Thrust Area 6 - CCWMD Research with Global Partners FRCWMD

Statement of Work

Project Title: Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and
Avian Influenza in Jordan & Strengthening Regional Disease Surveillance Capacity.

Document Date; 18 Murch 20020}

Objective: The objective of this grant is to reduce the threat of high-consequence zoonotic
pathogens in Jordan and improve regional disease surveillance capacity. Jordan taces risk of
several zoonoses of concern to human and animal health, including Middle East Respiratory
Syndrome (MERS-CoV) and Avian Influenza (AI), with fundamental knowledge and capacity
gaps around the distribution and determinants of zoonoses. Recent work by our team detected
MERS-CoV in camels and people in Jordan, suggesting ongoing and unmitigated transmission
risk of a priority pathogen. The proposed study will generate critical advances in determining the
presence of zoonotic pathogens n the country and opportunities for public health intervention.
Through a prospective human cohort study coordinated with animal sampling, we will conduct
biological and behavioral surveillance in five regions of Jordun with livestock production
interfaces to determine the presence and risk factors for MERS-CeV, Al brucellosis, and
leptospirosis to identify modifiable risk factors. By testing three core policy-relevant hypotheses
and providing multi-disciplinary training opportunities, the awardee shall enhance scientific
capacity in Jordan and support disease detectioen and reporting in Jordan, Iraq and Lebanon.
Taking a coordimnated, multi-hazard approeach to threat reduction, the proposed study will add
critical understanding of presence and risk factors for zoonotic diseases in Jordan and advance
scientific capacity and application of the One Health concept to counter biothreats in the region.

Scope: The awardee proposes a five-year One Health study of zoonotic diseases in Jordan. The
awardee team shall focus on the following major goals and milestones:
1} Determine the presence of MERS-CoV, Al and other zoonoses among livestock and
poultry in Jordan: Implement animal study (YI-OY1); Conduct PCR and serology testing
(YI-0Y2)
2} Determine whether (and 1f so, the extent to which) humans at human-livestock/poultry
interfaces display evidence of infection with these zoonoses: Implement human cohort
study (Y1-OY!1): Conduct PCR and serology testing (Y1-OY2)
3) Characterize causal factors in animal-to-human transmission of these zoonoses;
Implement behavioral risk survey (Y1-OY1); Conduct epidentiological analyses (Y1-OY2)
4) Produce geospatial maps of zoonoses in livestock and poultry and of human zoonotic
transmission risk: Generate geospatial distribution und risk maps (Y1-OY2)
5) Strengthen local capacity for detection and reporting of MERS-CoV, Al and other
zoonoses in Jordan, Iraq, and Lebanon: Host workshops (Y1-2, OYi-2); Subniit reports
and publications (Y1-OY2); Attend presentations/meetings (Y1-OY2)
6) Identify specific modifiable risk factors for human infection with these zoonoses:
Conduct causal interference unalyses (Y3-OY2); Policy recommenduations on modifiable
risk factors (Y3-OY2)
This research will generate critical advances in detecting the presence of and exposure risk (o
high-consequence zoonotic viruses and bacteria across geographic regions and interfaces in
Jordan, centributing to enhanced understanding of modifiable risk factors to inform government
authorities on prevention activities (o reduce disease threats.
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Jordan & Strengthening Regional Disease Surveillance Capacity/PL Karesh
Thrust Area 6 - CCWMD Research with Global Partners FRCWMD
Background: Jordan has experienced outbreaks of several high-consequence zoonotic diseases,
including MERS-CoV and Al Since its emergence in 2012, MERS-CoV has resulted in over
2,400 human cases globally and is recognized as a priority disease under the WHO R&D
Blueprint. While the first human cases of MERS-CoV were traced back to Jordan, little 1s known
about its underlying and ongoing risk of zoonotic disease in animal populations, particularly
around primary transmission risk factors and pathways that precede spread in healthcare settings.
MERS-CoV is one of several zoonoses posing threat te animal and human populations in the
country. Highly Pathogenic Avian Influenza outbreaks, including subtype H5N1, have been
reported, and brucellesis is considered endemic in Jordan, with recurring spillover but inadequate
understanding of specific modes of transmission and poor vaccination coverage, While human
cases of leptospirosis have not been reported in Jordan to date, high rates of certain Leptospira
serovars have been detected in animals. Key questions and capacity gaps hinder understanding of
the presence, distribution and risk factors in the country, leaving the country vulnerable to
zoonoti¢ biothreats, as well as wider regional gaps in detection and reporting. The threat of
zoonotic disease 18 especially pertinent given the rapidly-growing poultry production industry in
Jordan and camel, livestock, and poultry rearing in the region.

Jordan has recently made recent several notable scientific advances in detection of MERS-
CoV, generating preliminary data that the proposed project will build on. While camels are the
presumptive source of primary human MERS-CoV infections, the exact mechanisms of
transmission and the possible role of other livestock species are unclear. Blood samples collected
from camels and humans in the northern region of Jordan were positive for MERS-CoV, leading
1o the first-ever report of this disease to OlE in camels in Jordan in 2016. To date, only few
countries have reported virus-positive MERS-CoV test results to the OIE so this is a sigmiticant
and 1mpoertant step toward improving both MERS-CoV detection and reporting in the Middle
East. Studies of zoonotic pathogens in the region to date have largely focused on single sites or
interfaces, cross-sectional sampling events, or select taxonomic groups, limiting understanding
of causal factors. Research is needed to monitor presence and transmission ot zoonotic pathogens
spatially, temporally, and by bichazard exposure (e.g. blood, urine, feces, and/or nasal
secretions} and practices and conduct epidemiological analyses (o identify modifiable risk factors
for public health intervention. As a key area of stability in the region, it is crucial to support
Jordan’s biosurveillance capacity, enable understanding of baseline disease risk to allow
differentiation of natural versus nefarious emergence events, and ensure responsible bio-risk
management 1o ethically monitor and reduce disease threats. The country has alse recently
established a One Health platform that indicates the country’s commitment to countering
zoonotic disease threats, Given the volume of migration between Jordan and its neighbors,
including in animal trade, regional coordination in disease monitoring and threat reduction is a
critical compoenent in effectively characterizing and addressing disease risk. This project seeks to
{ill current capacity gaps to advance Jordan as a leader in scientific research and zoonotic disease
management and creating new capacity and scientific collaboration pathways for hypothesis-
driven research and zoonotic disease monitoring and threat reduction in the region.

Key references include (additional references can be found in the Project Narrative):
van Doremalen N, Hijazeen ZS, Holloway P, Al Omari B, McDowell C, Adney D, Talatha
HA. Guitian J, Steel J, Amarin N, Tibbo M, Abu-Basha E, Al-Majali AM, Munster V],
Richt JA. High Prevalence of Middle East Respiratory Coronavirus in Young Dromedary
Camels i Jordan, Vector Borne Zoonotic Dis, 2017 Feb, 17(2):155-159,
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Alagaili AN, Briese T, Mishra N, Kapoor V, Sameroff SC, Burbelo PD, de Wit E, Munster
V], Hensley LE, Zalmout IS, Kapoor A, Epstein JH, Karesh WB, Daszak P, Mohammed
OB, Lipkin WI. Middle East respiratory syndrome coronavirus infection in dromedary
camels in Saudi Arabia. MBio. 2014 Feb 25:5(2):e00884-14.

World Health Organization. Joint External Evaluation of IHR Core Capacities of the
Hashemite Kingdom of Jordan. Geneva. 2016.

Tasks/Scientific Goals: (Format: Year #(s). Task #. Subtask#).

TASK 1: Y1.1-02.1: Dctermine the presence of MERS-CoV, Al and other zoonoses among
livestock and/or poultry in Jordan.

The awardee shall study presence of MERS-CoV, Al, Brucellosis and Leptospirosis in animals,
Sites will be selected in five geographically-representative regions across Jordan: Northern
Jordan (Al Ramtha}, Middle Jordan (Al Zarga), and Southern Jordan (Al Karak, Ma’an, and
Agaba). These regions were selected based on preliminary findings by our team and the presence
of livestock production activities, Sites in each region shall reflect interfaces with pouliry,
camels, and other livestock animals are represented (e.g. farms or markets). The awardee shall
receive permissions and approvals to work with animals prier to initiating sampling.
Nasopharyngeal and oropharyngeal swabs will be collected from 300 camels, poultry and other
livestock quarterly in Year 1, Q3 through Option Year 1, Q3 (a total of 13 sampling visits). At
three points during the project (in Y1, Y3, and OY 1 during the L, 7th, and 13m sampling visits,
respectively), blood samples (serum) will be collected from 300 animals. Nasopharyngeal and
oropharyngeal swabs will be tested for MERS-CoV and Al using real time PCR. Serum samples
will be tested using serology for MERS-CoV, Al Brucellosis, and Leptospirosis. Staff training
on proper study techniques (e.g. sampling, transport, and laboratory) will occur as detailed in
Task 5. This task will contribute to testing the hypothesis that livestock species and poultry in
Jordan show evidence of infection with MERS-CoV, Al, and/or other assayed zoonoses, as well
as inform type of transmission pathways.

Y 1.2.1 Identity sites tor project study,

Y 1.2.2 Obtain local permissions and approvals to work with animals.

Y 1.2.3-01.2.3 Conduct biclogical sampling in animals within the study area.

Y 1.2.4-02.2.4 Conduct PCR and/or serology testing for Al, MERS-CoV, brucellosis and

leptospirosis.

TASK 2: Y1.2- OY2.1: Determine whether (and if so, the extent to which) humans at
human-livestock/poultry interfaces display cvidence of infection with these zoonosces.

The awardee shall conduct a prospective cohort study of humans to evaluate behavioral and
occupational risk factors tor zoonotic infectious diseases (MERS-CoV, avian influenza,
brucellosis, and leptospirosis) among persons living in Jordan in any of the five study regions,
The study will enroll persons regularly working with livestock or poultry or sharing their living
areas with these animals as well as persons unexposed to these factors. Sites will be selected as
in Task 1 and in surrounding communities to enroll both exposed and unexposed populations. In
Year 1, the awardee will receive local permissions and approvals to work with human subjects
prior to initiating enrollment and sampling. Nasopharyngeal and oropharyngeal swabs will be
collected from 300 enrolled humans quarterly in Year 1, Q3 through Option Year 1, Q3 (a total
of 13 sampling visits). At three points during the project (in Year 1, Year 3, and Option Year |
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during the la, 7th, and 136 sampling visits, respectively), blood samples (serum) will be
collected trom 300 humans. Nasopharyngeal and cropharyngeal swabs will be tested for MERS-
CoV and Al using real time PCR. Serum samples will be tested using serology for MERS-CoV,
Al brucellosis, and leptospirosis (Years 1-4). Biological sampling will be paired with behavioral
surveillance data as in Task 3,
Y 1.2.1 Identify sites and conduct enrollment for human study cemponent.
Y 1.2.2 Obtain local permissions and approvals to work with human subjects.
Y 1.2.3-01.2.3 Cenduct biclogical sampling (nasepharyngeal and oropharyngeal swabs,
and/or blood) of in people within the study area.
Y 1.2.4-02.2.4 Conduct lab testing for Al, MERS-CeV, brucellosis and leptospirosis.

TASK 3: Y1.3-0Y2.3: Characterize causal factors in animal-to-human transmission of
these zoonoses.
The awardee shall monitor behaviors of persens enrelled in the prospective cehort study (as in
Task 2) 1o identifly and characterize causal factors for animal-to-human transmission of MERS-
CoV, Al brucellosis and leptospirosis, The PREDICT-2 Human Behavioral Risk Questionnaire
will be augmented with animal-specific exposure {requency questions to collect demographic
data, symptom and medical history data, social history data, and specific animal-related
behaviors and practices that are possible risk factors for infection with MERS-CoV, avian
influenza, brucellosis, or leptospirosis. The project team will administer the survey 1o enrolled
participants at the first sampling visit (Year 1). During all tuture visits (Year 1- Option Year 1),
enrolled participants will be administered a brief follow-up questionnaire designed primarily to
capture time-varying exposure and covariate data. This longitudinal information will provide
critical information about the context of exposures and pathways to link biclogical sampling and
provide the wider context of practices and risk factors, Epidemiologic analysis of the
questionnaire data (including time-varying data) in this Task will identify current practices and
exposure pathways and initial modifiable risk factors. Specific animal-related behaviors and
practices that involve exposure 1o specific animal bichazards (e.g., blood, urine, feces, and/or
nasal secretions} will be assessed under Task 6 for whether they pose a greater risk of infection
with MERS-CoV | avian influenza, brucellosis, or leptospirosis. Results will be shared via annual
reports and stakeholder meetings as in Task 5.

Y 1.3.1 Obtain local permissions and approvals to work with human subjects.

Y 1.3.2-01.3.2 Cenduct behavioral risk factor surveys in people.

Y 1.3.3-02.3.3 Analyze epidemiologic causal inference to identify modifiable risk factors.

TASK 4: Y1.4-0Y2.4: Produce geospatial maps of zoonoses in livestock and poultry and of
human zoonotic transmission risk.

The awardee shall map findings {from Tasks -2 to show the distribution of detected pathogens
across the regions and sampling sites. Geospatial mapping is a highly relevant visnal tool to
assist authorities 1n targeting surveillance and risk management activities. Using QGIS,
laboratory results of human and animal testing for MERS-CoV, avian influenza, brucellosis, and
leptospirosis will be populated and mapped 1o show the distribution of detected pathogens. Maps
will be generated beginning Y1, 33 when laboratory findings are available. Geospatial risk maps
will be generated using statistical models to link human behavioral data to laboratory findings
beginning in Y1, Q4. Geospatial maps will be updated quarterly and shared with USG/DTRA
and Jordanian project partners. Training on geospatial analysis will be provided to project team
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members and will be covered under a regional workshop to promote broader uptake of geospatial
mapping as a low-cost tool to enhance disease menitoring programs in the region (Task 5).
Y 1.4.1-02.4.1 Generate maps of laboratory results
Y 2.4.2-02.4.2 Generate risk maps of human behavioral risk data

TASK 5: Y1.5-0Y2.5: Strengthen local capacity for detection and reporting of MERS-
CoV, Al, and other zoonoscs in Jordan, Iraq, and Lebanon through mectings and
workshops.
Strengthening disease detection and reporting capacity is a key contributor to health security and
the ability to target risk factors for threat reduction. The project team is committed to improving
this capacity in Jordan as well as more widely in the region through involvement of scientists and
government officials in Irag and Lebanon. We will train local staff in proper techniques for all
project activities (Year | and Option Year 1}. Each year we will support four students {rom
medical and veterinary disciplines mn Jordan to participate in training, field activities, project
analyses and workshops o provide scientific mentorship and promote the One Health concept.
Jordanian scientists and students will also be trained in laboratory techniques to he deployed
Jordan by the Human Link laboratory consultant that has led capacity development for MERS-
CoV diagnosties in other countries, The awardee shall organize workshops in Jordan open to
scientists from the Ministries of Health and Agriculture from Jordan, Iraqg, and Lebanon (Years
1-2, Option Years 1-2}. A secure project database will be developed for use in the
epidemiological analyses. The awardee shall provide submission of annual sample repository
information using a DTRA-specified format and shall grant access to all samples collected and
data generated during the course of the project, up to and including at least 12 months after the
project end date. The awardee shall conduct presentations/meetings at times and places specified
in the grant schedule (Year 1 Task 3}, including the IDTRA Annual Technical Review, In Year |
the awardee shall hold a kick-off meeting to introduce the project objectives and promote buy-in
in study findings and capacity sustainment. Annual reports and stakeholder meetings and
scientific presentations and publications will be used 1o disseminate results. The project will
reinforce Jordan’s national One Health platform, promoting the One Health concept for multiple
diseases ot concern for public and animal health and advancing capacity for hypothesis-driven
research with direct application for policy decisions {or threat reduction.

Y 1.5.1 Conduct project kick-off meeting in Amman with local stakeholders.

Y 1.5.2 & O1.5.2 Train local project staff in proper techniques.

Y 1.5.3-02.5.3 Host annual partners and stakeholders meeting.

Y 1.5.4-02.5.4 Complete annual report and share with project partners and local

stakeholders.

Y 1.5.5-Y2.5.5 & 01.5.5-02.5.5 Conduct local/regional training workshops.

Y 1.5.6- 02.5.6 Data management.

Y 1.5.7- 02.5.7 Conduct presentations/meetings at times and places specified in the grant

schedule, including DTRA Annual Technical Review.

TASK 6: Y3.6-0Y2.6: ldentify specific modifiable risk factors for human infection with
these zoonoscs.

The awardee shall integrate the findings of the biological testing (animal and human) and
behavioral surveys in Tasks 1-3, assessing specific animal-related behaviors and practices that
involve exposure to specific animal bichazards (e.g.. blood, urine, feces, and/or nasal secretions)
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for whether they pose a greater risk of infection with MERS-CoV, avian influenza, brucellosis,
or leptospirosis. These potential modifiable risk factors will be determined through
epidemiologic analysis of the questionnaire data {including time-varying data) paired with
individual laboratory results (e.g., detection of viral RNA, bacterial DNA, or antibodies). Using
quarterly, longitudinal data collected in Tasks 1-3, we will examine any major temporal
dynamics that may be associated with elevated transmission risk {(e.g. seasonality, animal
birthing periods). Causal inference techniques within the potential outcomes framework will be
employed to solidify statistical associations as concretized biological/clinical/environmental
pathways by operationalizing exposures as well-defined interventions and ensuring
exchangeability 1s maintained through confounder contrel infermed by directed acyclic graphs of
the conceptual expesure-disease pathways. The awardee will examine multiple zoonotic
pathogens (as above) to inform general threat reduction guidelines. Identification of modifiable
risk factors will inform intervention development that may interrupt {uture Zoonotic ransmission
of the four pathogens in this study. Findings will be shared with USG/DTRA and the Jordanian
Ministry partners at the annual stakeholders meetings, the threat reduction workshop, scientific
presentations and publications as specified in Task 5. This information will provide a strong
basis for potential policy guidance and the generation of solutions at the threat reduction
workshop in OY2.
Y3.6.1-02.6.1 Conduct causal inference analyses bases on Tasks 1, 2, 3.
Y 3.6.2-02.6.2 Share results of analyses at annual partners and stakeholders meeting.
Y3.6.3 & O02.6.3 Submit written report to DTRA and local partners and stakeholders,

Performance Schedule:
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Task Year 1 Year 2 Year 3 0Y 1 OY 2
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HDTRA1-14-24-FRCWMD-BAA
CBEP = Thrust Area 6 - Cooperative Counter WMD Research
with Global Partners FRCWMD

“Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and Avian Influenza
in Jordan & Strengthening Regional Disease Surveillance Capacity™

Abstract: In line with Thrust Area 6 - Cooperative Counter WMD Research with Global
Partners FRCWMD, we propose a multi-disciplinary One Health research project to identify
causal factors in the transmission of Middle East Respiratory Syndrome Coronavirus (MERS),
avian influenza (Al), and other zoonoses from animals to humans in Jordan, while
simultaneously strengthening local capacity for prevention, detection, and reporting of these
zoonoses in Jordan, Iraq, and Lebanon. Little is known about the transmission routes of MERS,
Al, and other key zoonoses at human-livestock/poultry interfaces in Jordan. To fill this gap and
contribute to biological threat reduction, we propose a hypothesis-driven One Health research
project to characterize exposure risks for MERS and Al in Jordan using epidemiological causal
inference techniques and improving serological technology. This prospective cohort study
involves interviews and longitudinal sampling of humans and opportunistic non-lethal sampling
of livestock and poultry at animal markets, farms, and abattoirs for MERS, Brucella spp., and
Leptospira spp. (humans/livestock) and for Al subtypes (humans/poultry). Partner laboratories in
Jordan will screen and characterize these zoonotic pathogens, and capacity-building cross-
trainings will be conducted with visiting laboratory scientists from Iraq and Lebanon. This
multifaceted One Health approach will advance scientific knowledge on the risk of MERS, Al
and other zoonoses in Jordan, strengthen local zoonotic disease surveillance capabilities, and
enhance scientific partnerships in Jordan, Iraq and Lebanon to prevent, detect, and report MERS,
Al, and other zoonotic threats.

Background: There have been over 2,200 cases and 790 deaths across 27 countries from MERS
since 2012. Although most cases occurred in the Kingdom of Saudi Arabia (KSA), the first
known human infections occurred in Jordan. Most KSA cases have been healthcare-associated,
stemming from secondary generations of transmission. Identification of factors involved in
primary transmission may inform interventions to prevent future primary cases and therefore
prevent them from seeding healthcare or community outbreaks. Camels are the presumptive
source of primary human MERS infections; however, the exact mechanisms of transmission and
the possible role of other livestock species are unclear. These uncertainties highlight the need to
better understand the causal factors of primary human infection with MERS at human-livestock
interfaces. Understanding modifiable risk factors may lead to development of public health
interventions that can prevent animal-to-human transmission of zoonoses.

Avian influenza viruses circulate worldwide among migratory bird populations and occasionally
spill into poultry at mass production sites, farms, or backyard coops. Although not every Al
subtype 1s capable of infecting humans or causing severe illness, there have been worrisome
outbreaks. Al A/HSNI1 has been detected in humans in 16 countries since 2003, resulting in 860
cases and 454 deaths by July 2018. Of these, nearly 42% were in neighboring Egypt. Due to
antigenic shifts typical of the influenza viral genome, there is always a possibility of new Al
subtypes emerging capable of infecting humans. In Jordan, the rapidly expanding poultry
industry driven by ever-increasing demand poscs a distincet global health security risk.

EcoHealth Alliance 1



Identification and characterization of Al subtypes circulating among poultry across Jordan will
provide critical information needed to understand baseline activity and risks. If human Al
infections are detected, the project could identify causal factors in poultry-to-human influenza
transmission, and therefore inform interventions to prevent future primary cases. Given the
human Al infections in neighboring countries, this is a critical gap to be filled in Jordan.

Other zoonoses, such as Brucella spp. and Leptospira spp., also cause morbidity in Jordan, and
surveillance for them can be easily integrated into the research study as secondary outcomes. All
samples may be made available to other DTRA- or USG-funded researchers.

Scientific Impact for C-WMD Scicnce: Given that transmission of high-consequence zoonotic
pathogens such as MERS and Al, whether by nature or ill intent, poses a significant threat to
global security, existing gaps in biosurveillance/detection capabilities, prevention/response
activities, and reporting weakens our ability to counter biological WMD threats. Over 60% of
emerging infectious diseases originate in animals, so it is imperative to strengthen local capacity
to conduct biosurveillance for zoonotic disease threats to understand existing baselines of
transmission, characterize risk factors to inform prevention activities that can interrupt
transmission, and preempt and/or rapidly respond to emerging disease threats.

Our primary objectives are to characterize causal factors in animal-te-human transmission
of MERS, Al, and other zoonoses in Jordan and to strengthen regional capacity for
detection of thesc pathogens in order to reduce the threat of infectious diseases. Our
proposed project will rigorously test the following initial hypotheses:
H;i. Livestock species and poultry in Jordan show evidence of infection with MERS, Al
and/or other assayed zoonoses. (OQutput: Geospatial maps of naturaily-occurring zoonotic
viruses and bacteria capable of infecting humans developed with and shared with
government authorities)
Ha:. Humans occupationally exposed to livestock and/or poultry have a greater risk of
infection with MERS, Al, and/or other assayed zoonoses compared to other community
members in Jordan. (Qutput: Geospatial risk maps developed with and shared with
government authorities)
Hi. Some specific occupational practices that promote exposure to specific animal
biohazards (e.g., blood, urine, feces, and/or nasal secretions) pose a greater risk of
infection with MERS, Al, and other assayed zoonoses compared to others. (Output:
Enhanced understanding of modifiable risk factors to inform government authorities on
prevention activities)

Knowledge gencrated from this project will confirm the presence of MERS, Al, and other
zoonoses at human-livestock/poultry interfaces in Jordan, characterize specific
occupational practices as causal factors in human infection with these zoonoses, and
identify modifiable risk factors that may be used to inform prevention activities. The project
will build and boost local capacity for prevention, detection, and reporting of zoonotic disease
threats in Jordan, [raq and Lebanon through regional cross-training workshops held in Jordan, all
of which have substantial camel and poultry production (Fig. 1). This will fill capacity gaps,
strengthen collaborative relationships, and foster goodwill in a politically fragile region,
enhancing our ability to combat biological threats.

EcoHealth Alliance 2



Methodology: We propose to conduct a prospective cohort
A study with repeated surveys at various human-
livestock/poultry interfaces across Northern, Middle, and
Southern Jordan. Each interface will be visited thrice a year
for 3 years (9 total visits per site) or 4 and 12 respectively if
cano: A .. option years are exercised.

] B
L During each human-livestock interface visit, livestock (e.g.,
camels, goats, sheep, cattle) will be opportunistically tested
for evidence of active infection with MERS using nasal
swabs. During the first, fifth, and final visits, livestock will be
opportunistically tested for past infection with MERS,
Brucella spp., and Leptospira spp. using sera. Swab samples
will be pooled by species + site + visit date and tested via
real-time PCR. Serum samples will be tested via Luminex.
During each human-poultry interface visit, poultry will be
sampled for Al using oropharyngeal swabs. During the first,
Figure 1: Regional map of live camel  [ifth, and final visits, poultry will be opportunistically tested
(A) and poultry (B) production, 2015.  for past infection with Al using sera.

Individuals at each site and its surrounding community will be approached for enrollment at the
first visit. Those providing informed consent will complete a standardized questionnaire (the
previously Jordan-approved and tested PREDICT-2 questionnaire augmented with study-specitic
items) during the first visit and complete a shorter questionnaire at each subsequent visit to
account for time-varying factors. Participants will provide oropharyngeal and nasopharyngeal
swabs at each visit and sera at the first, fifth, and final visits. These samples will be tested using
PCR for the swab samples (MERS and Al) and Luminex serology for the serum samples (all 4
ZOONOSES ).

Data will be analyzed to generate geospatial maps of livestock and poultry zoonoses, geospatial
maps of human zoonotic disease risk (including static and seasonal versions), exposure risk
models using causal inference techniques, and prediction models for transmission that can
account for seasonal variations and wide-scale livestock/poultry practice trends.
Implementation of Luminex Scrological Technology: Luminex technology for serology and
associated equipment will be acquired for participating laboratories in Jordan. Training
workshops will be held in Jordan for regional scientists, with refresher trainings held annually.

Regional Capacity Building: Iraqi and Lebanese scientists from their Ministries of Health and
Agriculture will be invited to participate in capacity-building workshops in Jordan. Workshops
will cover topics including implementing/using Luminex technology, animal and human
sampling fieldwork, ethical human subjects research, biosafety and biosecurity best practices,
data management and storage, and reporting procedures pursnant to OIE, WHO, IHR, and
(GHSA obligations. Advance technical training for key individuals is proposed for option years.

Our research project will serve multiple goals and objectives of the CBEP mission, by: )

engaging partner country scientists in hypothesis-driven research; 2) supporting biosurveillance
capacity building by enhancing partner capability to detect and report select agents; 3) enhancing
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understanding of zoonotic diseases to allow differentiation of natural versus nefarious emergence
events; 4) employing responsible bio-risk management best practices; 5) training partner country
researchers to think critically about ethical research and be competitive in soliciting international
funding; and 6) promoting a One Health concept.

Corce Tecam and Project Organization:

e EcoHealth Alliance (EHA, prime), led by Dr. William Karesh (PI) and Dr. Patrick Dawson
(co-PI), will design, implement, and oversee the research project; lead all contractual
obligations with DTRA and project sub-awardees; coordinate travel and organize workshops;
manage the information database; ensure coordination between partners; and collaborate with
our partners in analyzing the data and publishing it.

s Jordan University of Science and Technology (JUST), led by Dr. Ehab Abu-Basha (co-PI),
will conduct fieldwork and laboratory work on the research study. EHA has worked
extensively with JUST and Dr. Abu-Basha on the USAID PREDICT-2 project, conducting
viral surveillance among humans and animals and risk characterization since 2016.

s Partner Laboratories: JUST (Irbid, Jordan) and Jordan Ministry of Agriculture (Amman,
Jordan). These institutions have demonstrated capacities for all required laboratory work,
training workshops, and specimen storage. Additional laboratory partners may be added
following consultation with national partners and DTRA.

Potcntial Challenges, Solutions, and Statistical Considcrations: The main potential challenge
will be a low detection rate of MERS, Al, and other zoonoses among human participants.
However, power calculations to determine an appropriate sample size will be informed using
recent, credible findings from the PREDICT-2 project. Another potential challenge is addressing
cultural sensitivities while conducting work, such as avoiding stigmatization of livestock workers
or working with various Bedouin communities. EHA and JUST have extensive experience in this
domain through PREDICT-2, and have fostered positive relationships with community leaders
and liaisons throughout Jordan. To reduce regional instability risk, we will be work in Jordan, a
stable bedrock in the region, and will invite regional scientists to workshops inside Jordan rather
than traveling to them.

Major Geals and Milestoncs: 1) Determine the presence of MERS, Al, and other zoonoses
among livestock and/or poultry in Jordan. 2) Determine whether (and if so, the extent to which)
humans at human-livestock/poultry interfaces display evidence of infection with these zoonoses.
3) Characterize causal factors in animal-to-human transmission of these zoonoses. 4) Produce
geospatial maps of zoonoses in livestock and poultry and of human zoonotic transmission risk. 5)
[dentify specific modifiable risk factors for human infection with these zoonoses. 6) Implement
Luminex serological technology in Jordan for enhanced diagnostic and detection capabilities. 7)
Strengthen local capacity for detection and reporting of MERS, Al, and other zoonoses in
Jordan, Iraq, and Lebanon through workshops.

Proposed Budget (in USS)

Organization Year 1 Year 2 Year 3 0Yl1 0Y?2
EcoHealth Alliance (Prime) $492,000  $495,000 $498,000 $490,000 S5445,000
JUST S487.000 $493,000  $498,000  $500,000 $430,000

TOTALS $979,000 $988,000 $996,000 §$990,000  $875,000

EcoHealth Alliance 4
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Grant/Award #: HDTRA12010029

Pl Name: Dr. William B. Karesh

Organization/Institution: EcoHealth Alliance

Project Title: Reducing the Threat of Middle East Respiratory Syndrome Coronavirus and
Avian Influenza in Jordan & Strengthening Disease Surveillance Capacity

Goal humber, Milestone Proposed completion

1, Implement animal study Y1-0Y1

1, Conduct PCR and serology testing Y1-0Y?2
2, Implement human cohort study Y1-0Y1

2, Conduct PCR and serology testing Y1-0Y?2
3, Implement behavioral risk survey Y1-0Y1

3, Conduct epidemiological analyses Y1-0Y?2
4, Generate geospatial distribution and risk maps Y1-0Y2
5, Host workshops Y1-2, OY1-2
5, Submit reports and publications Y1-0Y2
5, Attend presentations/meetings Y1-0Y2
6, Conduct causal interference analyses Y3-0Y2
6, Policy recommendations on modifiable risk Y3-0Y2
factors

Project Goals

1. Delarmine the presence of MERS-CoV., Al and olher coonases amondg livestock and
poultry in Jordan

a. Description: Implement animal study (Y1-OY1); Conduct PCR and serology testing
{Y1-0Y2)

b. Status of Effort; Approval for animal research has been cbtained from the Jordan
University of Science and Technology (JUST) and Tufts University, and
surveillance determination has been obtained from ACURO. Obtaining these
approvals included achieving many milestones, including drafting and finalizing
procedures, and the animal owner consent to sample. The animal field and
laboratory teams are finalizing SOPs for data collection and testing.

2. Delermine whether (and if so. the exlent to which) humans at human-livestockipoultry
interfaces display evidence of infeclion with these zoonoses

a. Description: Implement human cohort study (Y1-OY1); Conduct PCR and
serology testing (Y1-0Y2)

b. Status of Effort: Approval for human subjects research has been obtained from
JUST (in-country approval) and Health Media Lab Research and Ethics (HML)} IRB
{U.S.-based approval), and we are awaiting the determination for human subjects
research approval from HRPO. The data collection tools have been finalized
including the surveys, code of surveys into Open Data Kit (ODK) for use on tablets,
and the data management system in Airtable for laboratory data.

Biclogical Threats Reduction Program



3. Characterize causal factors in animal-to-human transmission of these zoonoses

a. Description: Implement behavioral risk survey (Y 1-OY1}; Conduct epidemiological
analyses (Y1-0OY2)

b. Status of Effort: Final approval for data collection is pending from HRPO, but data
collection tools have been finalized. To develep the final behavioral risk survey,
several milestones were met, including collaboratively determining the data
analysis plan and the creation of the survey guide. Our causal inference approach
necessitated a literature review of confounders and pathways, censtruction of
causal diagrams, and a collaborative discussion amongst team members to
determine which human behavioral risk questions would be important variables in
our analysis (the data analysis plan). Once consensus was achieved on variables
to include in our models, the team collaboratively determined the appropriate
formulation of questicns, the order of questions, and team respenses to typical
potential participant questions (addressed in the survey guide}.

4 Produce geospatial maps of zaonoses in livestock and paoultry and of human zoonotic
transmission risk

a. Description; Generate geospatial distribution and risk maps (Y1-0Y2)

b. Status of Effort: The data management system was put into place {Airtable for
managing laboratory data) and a draft report written with mock data in order to
ensure the data curation system is in place for the start of data collection. The final
interface sites were selected for the project for the five regions.

o

Strengthen local capacily far delection and reporting of MERS-CoV. Al and othar
coonoses in Jordan, Irag, and Lebanon

a. Description: Host workshops (Y1-2, OY1-2};, Submit reports and publications (Y 1-
QY?2); Attend presentations/meetings (Y1-0Y2

b. Status of Effort: The Project Launch Workshop and Jordan Training Workshop 1
were successfully completed virtually due to the COVID-19 situation, except for
the third day of the Jerdan Training Workshop 1 which was safely held in-person
on May 27". Training at the Human Link lab at the National Research Centre in
Egypt is slated to be held in late summer due to the COVID-19 situation in the
region. The team will update and evaluate timing of this training considering team
safety and local fravel and government restrictions to be completed at the earliest
possible date,

B. ldentily specific madifiable risk factors lor human infection with these zoonoses

a. Description: Conduct causal interference analyses (Y3-OY2); Policy
recommendations on modifiable risk factors (Y3-OY2)

b. Status of Effort: The associated tasks are slated for Y3-OY?2.

Biclogical Threats Reduction Program



Y1 Accomplishments

Task 1: Determine the presence of MERS-CoV_ Al _and other zoonoses amon
livestock andpoultry in Jordan.

Subtask 1.1 Identify sites for
project study

Activities and results this
year,

o Project staff reviewed site selection criteria and
collaborated with the team to produce a solution for .
spatial sampling using a spatial sampling application,
This application was developed by an EHA scientist for =
potential applications in studies that sample from mixed

human and animal subjects, and from the envirecnment. Pnfw o a--%;-\ -
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o Project staff reviewed site selection criteria and with  Figure 1. Map of the study area and
input from local subject matter experts (SMEs)., With  viflages possible to sampfe from.
their input, the list of sites was narrowed down to
include villages with the three interface sites represented and sufficient human
population. Using the Shiny App, the team then randomly selected five sites in Jordan
from this narrowed down list.

Subtask 1.2 Obtain local permissions R s
andapprovals to work with animals

Activities and results this year:;

o The animal owner consent forms were finalized with
input
frem local subject matter experts (SMEs) familiar with
sampling communities.

o The JUST IACUC for research with animal subjects
was submitted and full approval was obtained.

o JUST approval for use of the animal owner consent
forms
was obtained.

o  ACURO approved the animal IACUC and determined
the projects protoccl was a surveillance project. No
further action is required.

o The first draft of the animal sampling
protocol has been completed and is currently
being reviewed by partners.

Figure 2. Approval from JUST IRB

Biclogical Threats Reduction Program



Future Tasks

Subtask 1.3 Conduct biofogical sampling of animals inthe study areas

Subtask 1.4 Conduct lab testing for Al MERS-CoV brucellosis and leptospirosis

livestock/poultry interfaces display evidence of infection.

Subtask 2.1 ldentify sites and conduct enroliment far human study component

Activities and results this year:

o The project staff determined there will likely be a
higher rate of loss to follow-up than initially
projected. To account for an increased loss to
follow-up, the target number for human
enrollment for the first year will be increased to
100 people at each site for a total of 500 people
for the first vyear. Protoccl and approval
documents have been updated as appropriate.

o The project staff have selected the villages
below for sampling;

WC34+58 Dabet Hanut, Quaira, Agaba

HHF4+55 Al-Mansoura, Shoabak, Ma'an

8G3R83WF+5G Al Damkhi, Karak

RRM8+8F Azragq, Zarga

FAPG+QH, Hosha Sub-District, Ramtha, Figure 3. Map of the study area and

Irbid viflages selected within the 5 regions.

o The team developed a draft Human and Animal

sampling protocaol in preparation for enrcliment of human and animal participants.

G W=

Subtask 2.2 Obtain local permissions and approvals to wark with human subjects

Activities and results this year:

o Obtained human subjects research approval from the local ethics review board
at JUST (2/23/21). The human subjects research and human sampling protocol
was submittedto HML IRB for U3-based approval.

o Prior to purchasing equipment, the team needs to acquire a tax exemption
letter from the Jordanian government,

o Supported JUST in their application for a Federal Wide Assurance number.

o Approval of the human subjects research and human sampling protocol from HML
IRB was obtained (4/23/21).

o Submitted an amendment to the local ethics review board at JUST and full approval
was given (4/26/21).

o The human subjects research and human sampling protocol was submitted to the
Human Research Protection Office (HRPQO) (5/4/21).

Biclogical Threats Reduction Program



Future Tasks
Subtask 2.3 Conduct biclogical sampling

o Equipment purchased
o Field Vehicle; 2021 MGRX8
Subtask 2.4 Conduct testing for A, MERS-CoV, bruceliosis and feptospirosis

o Equipment purchased
o Synergy HTX Multi-Mode microplate reader and PC

Subtask 3.7 Obtain local permissions and approvals to work with human subjects

Activities and results this year:

o The Jordanian team and
EcoHealth Alliance (EHA)
behavioral risk scientists
collaboratively  built and
finalized the Animal History
Form, Field Data Sheet,
Human Questionnaire, and
Site Characterization Form.

o Local JUST IRB approval
obtained.

¢ The Human questionnaire,
Site Characterization Form,
and Animal History Form
have been drafted and coded Figure 4. Virtual meeting regarding project questionnaire
for Open Data Kit (ODK). development and analysis plan
Tablets were purchased for
the Jordan team.

o The JUST IRB approved an amendment for the human subjects research.

o HML IRB approved the protocol for U.S.-based IRB approval.

o The human subjects research and human sampling protocol were submitted to
HRPO.

Subtask 3.3 Analyze epi causal inference to identify madifiable risk factors

Activities and results this year:

o  Worked with the project staff and SMEs to compile a list of epidemiological
risk factors, behaviors, and general exposure risk factors to be used in data
analysis.

¢ During the human subjects research workshop, the team worked to
collaboratively compose the survey guide to provide clarity of question purpose
and application for field staff to support data fidelity across sampling events. In
scenarios where subjects might need support in understanding questions,
ensuring that field staff understand the risk factors being analyzed in each



guestion will support survey strength.

Future Subtask(s)
Subtask 3.2 Conduct behavioral risk factor surveys in people

ask 4: oduce geospatial map
human zoonotictransmission risk.

Reduzing the Threat of Micdle East Respiratoery

Syndrome Coranavirus and Avian Influerza in Jordan

Subtask 4.1 Generate maps of !aborarory & Strengthening  Regional  Disease  Survel lance
results Capaclry

Activities and results this year;

o The project staff created a geospatial risk
summary report using the package R
Markdown in RStudio for future stakeholder
meetings that includes maps to demonstrate
the percentage of positive tests over the
total amount of humans and animals tested
for the four zoonotic pathogens in Jordan for
this project.

Future Subtask(s): . .
Subtask 4.2 Generate risk maps with human
behavioral risk factors
nd r ing of MERS-CoV_Al_an her ) .
zoon in Jordan,_Ir nd L ngn )

Subtask 5.1 Conduct project kick-off meefing in
Amman with focal stakeholders Figure 5. Geospatial map R Markdown file
with mock faboratory data

Activities and results this year:

o The Jordan MERS/AI project launch meeting was held on January 27", 2021.
In order to adhere to COVID-19 safety guidelines, the meeting was held
virtually using a password-protected system. The launch meeting was a
success and highlighted the centrality and investment in collaboration for this
project. The launch was also an opportunity 10 engage additional key
stakeholders to promote synergies with existing biodefense/health security
activities, and provided a forum to share One Health approaches that could
potentially be sustained by the Ministry of Health.



Subtask 5.2 Train local project staff in proper techniques

All research team members are equipped with CITI training in human subjects research,
and the global team will continue to provide capacity-building through trainings and
workshops on subjects integral to this project and te future public health work, including
best practices regarding research and data security, survey tool development, and risk
communication,

Figure 6. First and second
days of virtual first annual
profect training workshop

o The first annual project training workshop took place over the course of three days,
and was attended by team members, including university students. The first and
second day of the workshop was held virtually, and the third day of the workshop was
held in person.

o The sessions held during the two-day virtual workshop included training on:

= Data management use and storage - facilitated by Jamie Cooksey
and Dr. Whitney Bagge

= Ethical human subject research - facilitated by Emily Hagan and Stephanie
Martinez

= Ethical animal subject research - facilitated by Hani Talafha

= Questionnaire administration - facilitated by Emily Hagan and Stephanie
Martinez

= Safe human and animal sampling - facilitated by Dr. Basil Amarneh and Dr.
Zaidoun Hijazeen



o The third day of the workshop (May

C

27" 2021) included training on
basic laboratory safety. biosafety
and biosecurity, facilitated by Dr.
Mustafa Ababneh, and cold chain
implementation, facilitated by Dr.
Borhan Al-Zghoul.
o Due te the COVID-1¢ group
limitation, 7 people attended

the

workshop;

third in-person
Dr. Mustafa
Ababneh (JUST)

Dr. Borhan Al-
Zghoul (JUST)
Yasmin Issa
Daradkeh (graduate
student, JUST)
Farah Al. Nabulsi {graduate student, JUST)

Abed Elrahman Talfha (undergraduate student, JUST)
Leen Al-Bayari (undergraduate student, JUST)

Dr. Omar Al-Omari, MD

Figure 7. In-person workshop on basic laboratory safety

March 29, 2021: Dr. Ehab Abu-Basha reviewed the diagnostic laboratories in Al-
Karak and Ma’an to determine the limitaticns and status of veterinary services in the
south of Jordan (the report was a follow up to previous visits in 2017 and 2019).

o Recommendations are as follows:

Complete laboratory building infrastructure with suitable benches,
sinks, and cabinets (Karak Lab).

Hire adequately trained veterinarians and laboratory technicians to
the laboratories.

Provide adequate training on safety, proper use, and maintenance of
laboratory equipment and chemicals.

Provide adequate amount of laboratory diagnostic chemicals,
supplies and kits.

MOA should recruit staff to Ma’an and provide incentives for
relocation.

R R 1

Intermediate Dataset

Subtask 5.6 Data Management

o The project staff have finalized data
management tools and decided to use
ODK Connect servers to securely store
survey data and Airtable servers for
human and animal lab data. Only the
specific app users for each of the
servers can access the secure data.

o Training for the data management
systems was completed in the project
training workshop.

Callection

1surveyl
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Figure 8. Data management system, from collection to
cleaning and reporting resufis.



o Incorporated the Arabic version of surveys to
CDK,

o The project team developed field data sheets
and input intc the Airtable data management
software, and reviewed accessibility and overall
design for improvements in conjunction with
their review of the field and laboratory protocols,

o The project team has created specific QR codes
on ODK Collect for each of the team members
1o access their own survey to practice using the
tablets for when sampling begins. -

o For real-time quality control of data collection  Figure 9. A mock example of the QR
and entry, the project team has begun Coding codes that each team member received.
and developing a series of automated reports
using R Studio Cennect to be in place for when data collection begins, The intention
is that field and laboratory staff serve an active role in data cleaning as they can
review data on a biweekly basis and work with EHA data management staff to identify
any issues in real time,

o The data management team has developed a
draft project dashboard for full project ™
progress, to be shared amongst partners to 3
share team and project progress at-a-glance,

The dashboard ensures the full team can see

the project on all fronts — laboratory, surveys, .
and human and animal sampling. The

dashboard differs from the automated

sampling reports, in that the sampling reports

are highly detailed accounts of each effort

tailored to the sub-team doing that sampling ™.

for data cleaning purposes, while the

dashboard summarizes the full team effort. 3

. . . Figure 10. Project Dashboard with mock data.
Subtask 5.7 Conduct presentations/meetings at times

and places specified

o Project kick off for HDTRA1-20-1-0029 — Jordan was held on January 13", 2021,
The kick-off meeting was a success and the team had a positive collaboration
with DTRA and Jordan partners.

o Project staff alse attended a meeting on March 7' at Jordan Armed Forces GHQ
(JAF) with LTC. Mohammad Malkawi, Arms Control & International
QOrganizations branch, Directorate of Planning & Organization {DPO), JAF
followed-up with letters to the Ministry of Agriculture, Ministry of Health, and
Ministry of Environment to form a Focal point committee to the project. Letters
were also sent to RSS, Badia Fund, WHGO, FAO, USAID, AQAD, and RVC to
join the committee. This committee will be updated as part of our projects team
ensuring a One Health approach is successfully employed.
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o Focal Peint Meeting

The Focal Point meeting took place
in Amman, Jordan on April 6, 2021,
Dr. Ehab Abu-Basha presented an
overview of the project. This event
provided an opportunity to clearly
establish the role of the Ministry of
Agriculture in the context of the
project and to discuss upcoming lab
visits in the south of Jordan. Follow-
up meetings will be conducted online

due to COVID-12 requlations.

>

o In attendance at the focal peint

meeting;

Figure 11. Focal point meeting in Jordarn.

Dr. Ehab Abu-Basha,

JUST

Dr. Zaidoun Hijazeen, JUST

Dr. Yasmin Daradkeh, JUST

Dr. Laura Sawalha, WHO

Dr. Hussein Zyoud, Head of Animal Health Labs, MoA
Dr. Essam Hawwa, CVO, MoA

Colonel Oday Mrayat, Jordan Armed Forces

o Jordan Team Meeting

The Jordan in-country team held a meeting that discussed training and
workshops, the human gquestiennaire, and purchasing activities in
preparation for the beginning of data collection on May 10, 2021. The
Jordan team is purchasing lab and field materials and establishing and
reviewing standard operating procedure (SOPs) for animal and human
sampling, questionnaire administration, and laboratory procedures,

Future Subtasks

Subtask 5.3 Host annual partners and stakeholders meeting

Subtask 5.4 Complete annual report and share with partners
and stakeholders

Subtask 5.5 Conduct local-regional training workshops

o COVID-19 restrictions have limited in-person worksheps, but as the restrictions begin
to ease, we are hopeful that we will be able to set a date for the local-regional training
workshop, with Human Link Lab at the National Research Centre, Egypt, in August.
The team looks forward to engaging with our regicnal stakeholder to further serve
the regional biosecurity and capacity-building objectives of the project.

11



Tasks to be initiated after Year 1:

Task

Samples and Laboratory Techniques

Samples:

Sample collection will be performed by the JUST field team, under supervision of the Country P,
Dr. Ehab Abu-Basha. This project is conducted by a large group of scientists, researchers and
trained field personnel from Jordan University of Science and Technology and Princess Haya
Biotechnology Center. Several graduate students are included in the research team where they
will receive intensive training on laboratory techniques including serology such as ELISA,
complement fixation test, antibody neutralization test as well as molecular diagnostic technigues
including DNA isolation, cDNA, PCR, and sequencing. This group of young researchers will
continue to provide research and diagnestic services in various locations in the country.
Therefore, the project will not only help us be part of a global initiative for the surveillance of major
emerging and remerging viral infections of both human and animal origins, but also will provide a
nidus for continued national development of capacity in the surveillance and diagnosis of these
diseases in Jordan. Furthermore, the project will help provide animal care takers, farmers, and
the public at large with valuable data and unique educational oppoertunities about the occurrence,
recognition, and prevention of important zconotic diseases.

Laboratory or Clinical Techniques:

The pseudo-particle neutralization (ppNT) assay is technigque new to JUST and Jordan. Human
serum will be tested for MERS-CoV antibodies at the Princess Haya Biotechnology Center and
Molecular & Virology Laboratory at JUST. Co-l Kayali from Human Link will be training the JUST
team tc implement this method,

Many molecular and diagnostic assays by a group of well trained, national scientists and young
graduate students and technicians will be performed according to the latest scientific standards.
Highly advanced molecular diagnostic assays such as cloning, preparing different PCR products
for sequencing, sequence analysis, and utilizing data entry will be performed and routinely used
in this laboratory. This will reduce the running time to cbtain valuable diagnostic results at a
significantly lower cost since scientists and researchers from Jordan used to send such samples
to international specialized laboratories arcund the werld for ¢loning and sequencing.

In Jordan, the molecular and virology laboratory is expected to be an important hub for training
and preparing future scientists as many graduate students are being trained in the laboratory to
perform various techniques from sample handling to DNA extraction, cDNA synthesis, performing
different PCR protocols, cloning, plasmid purification, and sequencing analysis. Several Graduate
and undergraduate students will be trained during project time,

12




Opportunities for training and professional
development:

Training

The Jordan Training Workshop 1 provided an opportunity for the team to have in-depth
conversations about ethics in human subjects research with particular attention paid to informed
consent, recruitment, and safe data handling. Our project’'s strong focus on tailoring tools and
approaches to be reflective of our communities of interest and their protections ensures that team
members are fully prepared to work with communities in a manner that is respectful, rcbust, and
able to generate nuanced and important insights. This is an asset to this project, and to the team'’s
future research projects.

In addition to the Jordan Training Workshop 1, all personnel who will be working with human
subjects data have completed CITI training in Social-Behavioral-Educational Research and
Biomedical Research.

Two graduate and two undergraduate students are being trained as part of this project, including:
¢+ Yasmin Issa Daradkeh (graduate student, JUST}
¢ Farah Al Nabulsi (graduate student, JUST)
¢ Abed Elrahman Talfha (undergraduate student, JUST}
¢ Leen Al-Bayari (undergraduate student, JUST)

During the summer months (July through September), the students will have hands on training
for 10 weeks on molecular biology techniques; RNA and DNA exiraction, RNA and DNA
quantification, cODNA synthesis, conventional and real-time PCR. They will also be trained on how
to use an Eliza for serology. Once field work begins, the students will also have the opportunity
o participate with the animal and human sampling.

Dissemination of results to communities of interest;

The team developed a 2-page project summary to share with stakeholders on project overview,
geals, and intended outputs. This document was shared with the Ministry of Agriculture, Ministry
of Health, Ministry of Environment, World Health Organization (WHO)-Jordan, Royal Scientific
Society (RSS}, Jordan Army Forces (JAF), Food & Agriculture Organization of The United Nation
{FAQ), and Badia Fund.

A focal point Steering Committee was established to regularly to update all partners about our
project and help in implementation of One Health Approach with WHQC. Qur partners on this
committee are the Ministry of Agriculture (MOA), Ministry of Health (MOH), Ministry of
Environment (MOE), World Health Organization (WHQ), Food and Agriculture Organization
{FAQ), Rovyal Scientific Scciety {(RRS), and Badia Fund. Each organization has identified its’
representative and are now fully engaged in the project.
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Change in plan for the next reporting period to
accomplish the goals:

Task 1: Determine the presence of MERS-CoV, Al, and other zoonoses among livestock
andtor poultry in Jordan

1.3 Conduct biological sampling in animals within the study area
1.4 Conduct lab testing for Al MERS-CoV, brucellasis and leptospirosis
¢ These tasks were scheduled to begin in Q3 of Project Year Y1 but due to both the
COVID-19 pandemic and pending HRPO approval, we anticipate to begin sampling in
Q4 of Project Year Y1.

Task 2: Determine whether (and if s0, the extent to which) humans at human-
livestock/poultry interfaces display evidence of infection

2.3 Conduct hiological sampling
2.4 Conduct testing for Al MERS-CoV, brucellosis and leptospirosis
+« Same as above, we anticipate to begin sampling in Q4 of Project Year Y1.

Task 3: Characterize causal factors in animal-toe-human transmission of these zoonoses
3.2 Conduct behavioral risk factor surveys in people

3.3 Analyee epi causal inlerence 1o identily madiliable risk laclors
+ Same as above, we anticipate to begin sampling in Q4 of Project Year Y1 and
preliminary analysis will shortly follow.

Task 4: Produce geospatial maps of zoonoses in livestock and poultry and of human
zoonotic transmission risk

4.1 Generate maps of laboratary results and share with partners
4.2 Generate risk maps with human behavior risk data and share with partners
+« We anticipate to begin sampling in Q4 of Project Year Y1 and to generate the geospatial
maps for the following quarter, Q1, Y2,

Task 5: Strengthen local capacity for detection and reporting of MERS-CoV, Al, and other
zoonoses in Jordan. Iraq, and Lebanon

5.3 Host annual partners and stakeholders meeting

¢+ No Change.
5.4 Complete annual report and share with partners and stakeholders
¢ No Change.

5.5 Caonducl localiregional training workshops
¢ Regional trainings will be conducted considering team safety and regional restrictions on
travel. However, we anticipate still holding the training at Human Link in Q4 of Project
Year 1 as planned.
5.6 Dala management

¢ No Change.
5.7 Conducl presentationsimeetings at times and places specilied
¢+ No Change.
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Grant Training DCP Matrix

DOMAINS
Domain 1 ‘ Demain 2 ‘ Domain 3 ‘ Domain 4
COMPETENCIES
TrainingTask [ 111 [112[211 212 [213 [311 [312 [3123 314 411 [412 [413
Task 5.5.1 X X X X X
Conduct local-
regicnal
training
workshops
DOMAINS
Domain 5 Domain 6 Domain 7 Domain 8
COMPETENCIES

Training Task 51.1 |[51.2]51.3 5.1.4 5.1.5 6.1.1 6.1.2 6.1.3 7.1.1 7.1.2 7.1.3 811 8.1.2 8.13
Task 5.5.1
Conduct local-
regicnal
training

workshops




Grant Training DCP Matrix

Instructions: this matrix will help track and capture the alignment of BAA research training and professional development activities to BTRP’s
Domains, Competencies, and Proficiencies Framework. Please note: afignment is onfy required to the competency level definitions shawn below.

1. inthe left-hand column of the above chart, list every training activity to be performed on a separate line, using their task or sub-task
number (ex. Task 2; subtask 2.1; subtask 2.1.1)

2. place an x or tofly against the competencies that afign to the training activity. Competency decisions can be made by determining using
the definitions listed below and determining if a) the training subject matter corresponds to the defined competency or b) if the training
outcome corresponds to the defined competency. Please note: training activities can align to multiple competencies across the 8
demains. (Note: if completing an annual report, stop at step 2; if drafting a Full Proposal, continue to step 3}

3. once completed, list the aligned competencies under its corresponding training activities in the grant proposal.

Domain Domain Definition Competency Competency Definition
1. Disease 1.1 Understanding of 1.1.1 Disease characteristics and Disease characteristics and epidemiology of
recognition and emerging and high- impact especially high consequence pathogens
prevention of spread | consequence pathogens (EHCPs) and the diseases they cause, including
(EHCP) in the following eticlogy, signs and symptoms, morbidity,
realms: maorbidity, mortality, risk factors, incubation period,
mortality, transmissicn, period of communicability, mode of
control, disease transmission, clinical presentation,
presentation and mechanisms of spillover, reservair species,
distribution, and impact. spatiotemporal and geographic distributions of
affected populations, and demographic
characteristics of affected populations
(species/age/sex/occupational status/ etc.),
including outcomes on population health.




Grant Training DCP Matrix

1.1.2 Clinical Infection control and
animal health biosecurity

Understanding of basic infection prevention
and control procedures related to especially
high consequence pathogens (EHCPs) for
human and animal clinical settings in line with
GHSA and IHR milestones (when applicable),
including standard precautions (PPE use;
disinfection; sterilization}); environmental
infection control; laboratory testing;
nosocomial infections, including AMR; and
animal health biosecurity principles,
procedures.)

2. Disease
identification,
detection,
confirmation, and
reporting

2.1 Positive identification of
emerging and high
consequence pathogens
(EHCP) and reporting to
appropriate authorities.

2.1.1 Sample collection

Knowledge, understanding and proficiency
with procedures for safely and securely
collecting appropriate specimens/samples for
testing of pathogens (human; animal;
environmental), especially EHCPs, and
handling and packaging of samples for
transport to diagnostic testing laboratories,
based on national and international guidelines
and best practices, while ensuring specimens
will are maintained in condition required for
testing (cold chain and or fixation, etc.)

2.1.2 Test procedures
(presumptive/confirmatory)

Knowledge, understanding and proficiency
with procedures for conducting screening,
diagnostic, and confirmatory testing and
interpreting test results for ECHPs from
different types of samples using different
types of tests (ELISA, PCR, etc.) for high
conseguence pathogens, including test
accuracy, reliability, specificity, and sensitivity
and quality control/quality assurance (QA/QC)
measures needed to validate testing results.

2.1.3 Reporting

Knowledge, understanding and proficiency in
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policies and procedures for disease
natification and/or bi-directional reporting of
surveillance and laboratory data through
national information-sharing systems, or to
natify regional/international authorities such
as WHO/OIE/FAQ of a disease, other
significant epidemiological event, or potential
public health emergency of international
concern (as appropriate to roles and
responsibilities at each operational level).

3. Analytics,
assessment, and
research

3.1 Appropriate study
design, data analysis, and
implementation of
processes, as applies to
each discipline.

3.1.1 Study design and ethics

Knowledge and understanding of scientific
methodologies and study design principles
(hypothesis development, research plan
development, sampling design, strategy for
data collection and analysis) and application of
research ethics to responsibly address safety,
security, and ethical issues related to the
research aims and hypotheses, including
understanding of issues around dual-use
research of concern,

3.1.2 Methodelogies and analysis

Knowledge, understanding and proficiency in
the use of statistical and other relevant
methodologies for scientific research analyses
including practices and approaches for data
collection, use and interpretation of statistical
data analyses, data visualization, and use of
statistical data software tools.

3.1.3 Dissemination of findings and
outreach to stakeholders

Knowledge, understanding and proficiency in
the dissemination of research findings through
peer-reviewed scientific journal publications,
conference presentations and public ocutreach
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activities, including engagement with
appropriate stakeholders and partners at
national, regional, and international levels.

3.1.4 Resource mobilization and
management

Knowledge, understanding and proficiency in
the planning, acquisition, mohilization,
allocation, management and tracking of
financial and non-financial resources for
research projects, including proposal
development and grant writing.

4. Management,
leadership, and
advocacy

4.1 Critical skills, knowledge
and behaviors necessary to
effectively manage projects
and programs, lead teams,
champion solutions, inspire
action, and sustain
programs.

4.1.1 Plan, implements, and
evaluates a project or program

Knowledge, understanding and proficiency in
program planning, implementation,
monitoring and evaluation, including
development and measurement of
appropriate indicators, and advocacy, or
management/oversight of the process.

4.1.2 Apply program management
technigues throughout the project or
program

Knowledge, understanding and proficiency in
program management, including timeline and
deliverables management, team building, and
generating high-level stakeholder support.

4.1.3 Lead culturally diverse teams to
complete a project or program

Knowledge, understanding and proficiency in
developing and leading culturally diverse
teams, ensuring collaboration among team
members, and mentarship of future team
leaders.
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5. Quality
management
systems

5.1 Knowledge, skills, and
abilities required for
developing a culture of
quality. Operations,
services, and infrastructure
integrated in a system that
meets applicable standards,
professional guidelines, and
customer requirements for
ensuring and maintaining
guality and continually
improving services,

5.1.1 Physical environment and
equipment

Knowledge, understanding and proficiency
with facility and equipment operations and
maintenance, and facility management policies
and procedures, in support of establishing a
culture regarding physical environment and
equipment necessary for EHCP detection,
management, and control, or
management/oversight of these operations, in
a system that meets applicable standards,
professional guidelines, and customer
requirements for ensuring and maintaining
quality and continually improving services.

5.1.2 Qualified, well-trained, and
competent warkforce

Knowledge, understanding and proficiency
with the principles, processes, and
methodcologies for workforce development
and sustainment in relation to EHCP detection,
management, and control, including workforce
planning, training, refresher training,
continuing education, and/or professional
development, in a system that meets
applicable standards, professional guidelines,
and national licensing requirements where
applicable.

5.1.3 Materiel resource management

Knowledge, understanding and proficiency
with procedures and policies for procurement
and inventory management of materiel
resources, including supply chain systems,
operations, and infrastructure, or
management/oversight of these processes.
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5.1.4 Quality review practices and
procedures

Knowledge, understanding and proficiency
with quality assurance, quality control, and/or
quality management review practices and
procedures, based on national or international
best practices.

5.1.5 Document management

Knowledge, understanding and proficiency
with document and information management
policies and procedures, and program
documentation and records/archival
management processes.

6. Qutbreak
preparedness and
surveillance

6.1 Use of operational
guidelines, identification
and analysis of outbreak
situations, and effective
communication with
stakeholders.

6.1.1 Operational guidelines

Knowledge, understanding and proficiency
with development and implementation of
outbreak preparedness, surveillance,
investigation, laboratory practices, and
response planning and operations guidelines,
including case definitions, and demonstrated
ability to use related operational tools such as
emergency preparedness and response plans,
contingency plans, SOPs, and job aids when
available. Special note and care should he
given to documents designed for health care
workers directly combatting an outbreak.

6.1.2 Identification and analysis

Knowledge and proficiency with principles and
processes for developing and maintaining
disease gutbreak situational awareness
capabilities, including coordination and
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communication or reporting across
surveillance, laboratory, and other data
sources, epidemic intelligence, data analysis,
and field epidemiological and outbreak
investigation technigues, such as contact
tracing, and decision-making in support of
these activities.

6.1.3 Communicaticn systems

Knowledge and proficiency with development,
implementation, and sustainment of
communications systems for outbreak
situational awareness and response, including
multisectoral and intrasectoral coordination
(including via emergency operations centers or
equivalent assets), operational risk
communication, and public risk
communication.

7. Biosafety

7.1 The application of
knowledge, techniques, and
equipment to prevent
accidental exposure to and
release of emerging and
high consequence
pathogens (EHCP).

7.1.1 Bichazard Identification and
classification

Knowledge, understanding and proficiency
with identification and classification of
bichazards associated with EHCPs, for
laboratories, hospitals, other hiomedical and
clinical facilities, and the community, including
bichazard risk assessment and
characterization, and biohazard identification
policies and compliance procedures.

7.1.2 Biohazard Control Measures
(e.g., personal protective equipment,
safety practices and equipment,
facility design, and administrative
controls).

Knowledge, understanding and proficiency
with development and implementation of
international best practices and procedures for
EHCP biosafety and bichazard control
measures (substitution, elimination,
mitigation) for personnel, equipment, facilities
(laboratories, hospitals, and other biomedical
and clinical facilities) and the community.




Grant Training DCP Matrix

7.1.3 Bichazard Incident
Management

Knowledge, understanding and proficiency
with development and implementation of
policies, procedures, and operational
guidelines, including emergency operation
communications systems, for Bichazard
Incident Management for EHCF outbreaks,
releases or exposures.

8. Laboratory
biosecurity

8.1 Prevent theft, misuse,
loss, or deliberate release of
emerging and high
consequence pathogens
(EHCP).

8.1.1 Biosecurity Risk ldentification

Knowledge, understanding and proficiency
with principles and procedures for Biosecurity
Risk identification, risk assessments,
characterization and compliance with
recommended international standards and
best practices to prevent the loss, theft, or
misuse of biological organisms and
laboratory/research technologies.

8.1.2 Biosecurity Risk Mitigation

Knowledge, understanding and proficiency
with international best practices for
Biosecurity Risk Mitigation, and related risk
reduction approaches to enhance physical
security, personnel reliability, material control
and accountability, transport security, and
information security/cybersecurity, and the
development and implementation of
Biosecurity Risk Mitigation strategies for
laborataries, facilities, and personnel to
prevent the loss, theft, or misuse of biclogical
arganisms, especially EHCPs, and
laboratory/research technologies.

8.1.3 Biosecurity Incident
Management

Knowledge, understanding and proficiency
with international best practices for
Biosecurity Incident Management, and
development and implementation of
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Biosecurity incident management policies and
procedures for suspected or confirmed illicit
access to pathogens, intruder alerts, and other
biosecurity incidents.
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Reducing the Threat of Middle East Respiratory Syndrome

2 Coronavirus and Avian Influenza in Jordan, PI:

Objective: Work with government and private
sector partners to characterize causal factors in
animal-to-human transmission of MERS, Al, and
other zoonoses in Jordan, implement serological
technology for enhanced diagnostic and detection
capabilities, and strengthen regional detection and
reporting capacity to reduce biological
threats.Threat Reduction Impact: Establishing
laboratory and field SOPs to assist partners in
detecting presence and exposure to high-
consequence zoonotic pathogens.
Capacity/Capability Building: Pseudoparticle
neutralization assay technology transfer from
Human Link to JUST, training of graduate and
undergraduate students, site selection and

SPATRLIY "ArHFth PLEniBIMaLpanavigral risk
33{""'% approval pending, fleld and
Iaboratory teams prepping for field work and
sample testing. Personnel Supported: This project
is supporting 7 faculty, 6 other scientists, 2
graduate students, 2 undergraduate
studentsPublications & Meetings: 13 workshop
participants

Zf William B. Karesh, EcoHealth Alliance, HDTRA1-20-1-0029

Occupation(s)?Specific
behaviors?

L

MERS-CoVAYv
InfluenzaBruc

* ptospira

=)

=)

Major Goals and Milestones:Determine evidence of
MERS, Al, and other zoonoses in humans, livestock
and poultry in Jordan (Y1-OY2)ldentify risk factors
and modifiable behaviors for threat reduction (Y1-
OY2)Improve knowledge and diagnostic capacity (Y1-
OY2)Funding Profile Year 1 09/2020-09/2021: $984,351
Year 2 09/2021-09/2022: $981,695, Year 3 09/2023-
09/2024: $991,118Contact information PI: Dr. William
B. Karesh,

212-380-4463 Karesh@ecohealthalliance.org




Biological Threats Reduction Program
PROJECT QUARTERLY REPORT

PROJECT INFORMATION

HDTRA12010029 - Reducing the Threat of Middle

East Respiratory Syndrome Coronavirus and Avian

Influenza in Jordan & Strengthening Regional Discase

Surveillance Capacity

Quarter and Dates: Y1, 01 | (9/29/20 - 12/28/20)
Prepared by: | Dr. William B. Karesh

Project and Title:

OVERALL PROJECT SUMMARY AND OBJECTIVES

Project QObjective

Utilizing an international consortium of partners, this effort is a multi-disciplinary One Health
research project to identify causal factors in the transmission of MERS-CoV, Al and other zoonoses in
Jordan, while simultaneously strengthening local capacity for prevention, detection, and reporting of
these zoonoses in Jordan, Irag, and Lebanon. Our proposed project will rigorously test the following
initial hypotheses: 1) That livestock species and poultry in Jordan show evidence of infection with
MERS-CoV, Al respectively and/or other zoonoses. 2) That people regularly exposed to livestock
and/or poultry or their living areas have a greater risk of infection with MERS-CoV, Al, and/or other
zoonoses compared to other community members in Jordan. 3) That some specific practices may
promote exposure to specific animal biohazards (e.g., blood, urine, feces, and/or nasal secretions) and
pose a greater risk of infection with MERS-CoV | Al and other zoonoses compared to others. This study
involves interviews and longitudinal sampling of humans, livestock, and poultry at animal markets and
farms for MERS-CoV, Brucella spp., and Leptospira spp. (people/livestock) and for Al subtypes
(people/poultry). Partner laboratories in Jordan will screen and characterize these zoonotic pathogens,
and capacity-building cross-trainings will be conducted with visiting laboratory scientists from Iraq and
Lebanon. This multifaceted One Health approach will advance scientific knowledge on the risk of
MERS-CoV, Al, and other zoonoses in Jordan, strengthen local zoonotic disease surveillance
capabilities, and enhance scientific partnerships in Jordan, Iraq and Lebanon to prevent, detect, and
report biological threats.
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Quarterly Report: HDTRA 12010029 - Year 1, Quarter 1 (9/29/20 - 12/28/20)

YEAR 1, QUARTER 1 PROGRESS UPDATES FOR EACH TASK

Task I: Determine the presence of MERS-CoV. AL and other zoonoses among livestocek and
poultry in Jordan.

Subtisk 1.1 Tdentify sites for project study

Activities and results this quarter:

o Project staff reviewed site selection criteria within the 5
project sites; final site selection to occur prior to T Rt
commencing sampling in Q3. o

C AT T

Subtash 1.2 Obtain local permissions and approvals woavord,

with animicaly e

Activities and results this quarter: '

o JUST IACUC for research with animal subjects was
submitted and full approval was obtained.

o IACUC for research with animal subjects was submitted
for pre-review, comments were addressed from pre-
review, and the subsequent amended application was
submitted for full review to Tufts University.

o Drafted animal owner consent form. Figure I. Map of the 5 sites for profect
studv in Jordan.

L e faba

Future Tasks

Subtash 1.5 Conduct hiological sampling of animals in the
sty areds

Subtask 14 Conducr Labviesiine for A1 MERS-Col
Brvcelfosis and feptaspirosis,

Task 2: Determine whether (and if so, the extent to which) humans at human-livestoek/poultry
intertaces display evidencee of infection.

Stehtask 2.1 Identify siies and conduct enroliment

o Ineman study component

Activities and results this quarter:

o Project staff reviewed site selection criteria
within the 5 project sites; final site selection
to occur prior to commencing sampling in

Q3.

Suhtask 2.2 Obtuin local permissions and
approvals tovork with niman subjecis
Activities and results this quarter:

o Compiled materials for local JUST and

HML IRBs, finalized human questionnaire. Figure 2. Virtual meeting to discuss the project
' gquestionnaire
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Quarterly Report: HDTRA 12010029 - Year 1, Quarter 1 (9/29/20 - 12/28/20)

Future Tasks
Suhtask 2.3 Conchret biological sumpling
Stehtusk 2.4 Conduct resting for A, MERS-Col', briucellosis und leprospirosis

Task 3: Characterize causal tactors in animal-to-human transmission ot these zoonoses.,

Stehtask 3.1 Obtuin local permissions aind approvals to work with lman subjocty

Activities and results this quarter:

o Compiled materials for local JUST and HML IRBs. The Jordanian team and EHA behavioral
risk scientists collaboratively built and finalized the human questionnaire and site
characterization form.

Subtask 3.3 Analvze epi cansal inference (o identifv modifiable visk faciors

Activities and results this quarter:

o Project staff reviewed data analysis plan using causal inference framework to identify all data
needed for the models that will be produced to test study hypotheses. All proposed model
variables were mapped onto specific questions to be asked in the questionnaire. The
questionnaire was then arranged according to logical conversational flow in light of how it
will be administered.

o Examined socio-economic factors that could affect vulnerability to both risks and impacts,
including household wealth indicators used in prior surveys (e.g. for comparability with
World Bank reports). These will be relevant for economic context and policy
recommendations for biothreat reduction.

o Project staff investigated the literature for risk factors and confounders associated with
leptospirosis, brucellosis, Al, and MERS-COV,

Future Subtask(s)
Subtusk 3.2 Conduct behavioral risk factor survevs in people

Task 4: Produce geospatial maps of zoonoses in livestock and poultry and ot human zoonotic
transmission risk.

Subtask 4.1 Generate maps of Lahoratory resulis

Activities and results this quarter:

o The project staff identified the workflow and mock-ups for generation of these maps for
quarterly reporting.

Subtask 4.2 Generate visk maps with laonen hehavioral visk factors

Activities and results this quarter:

o The project staff identified which exposures would be best to map for inclusion in the
guestionnaire.

Task 5. Strenethen local capacity for detection and reporting of MERS-CoV. Al and other
zoonoses in Jordan, lrag. and Lebanon

Subtask 3.1 Conduct project kick-off meeting in A with local stakeholders
Activities and results this quarter:
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Quarterly Report: HDTRA 12010029 - Year 1, Quarter 1 (9/29/20 - 12/28/20)

o A date and preliminary schedule for the kick-oft meeting was set.

o Coordinated with the Jordan Armed Forces health official, including organizing an upcoming
briefing meeting on the project. We anticipate this will be a positive collaboration for the
project, expanding key stakeholders to promote synergies with existing biodefense/health
security activities and provide a forum to share One Health approaches that could potentially
be sustained by Ministry of Health.

I " rd \
Stehtusk 5.0 Data Management o Intermediate Dataset ‘
) P
o Software, systems, and workflow was Collection tleaning ‘.
determined for data management (see Figure Ko <* Reports
. . - R Stitlsg Maps, figures |
3). These will be tailored to outputs for e Rsvsocmet N~
Jordanian partners (e.g., reports that can be > Hirtable = Backu OGltHub}
shared at the monthly national One Health R —

platform meeting convened by Ministry of
Health, as relevant). Figure 3. Summary of data management
software and data flow for this project.

Future Tasks

Stehtask 3.2 Train local project staff in proper ieclitiques

o All team members will be equipped with CITI training and the team will continue planning
future training to understand research and data security, and survey tool development.

Subtask 3.3 Host annual partners and stakeholders meeting

Subtask 3.4 Complete annual report and share with partners und stakelrolders

Stehtusk 3.5 Conduct local-regional training workshopy

Subtask 3.7 Conduct presemiationssmevtings af times and places specified

Tasks to be initiated after Year 1:

Task 6. ldentifv specific modifiable risk factors for human infection with these zoonoses

Presentations and Publications

1. Presentations and Qther Conlerence Submissions: All Institutes

s Developed slide set to present project concept for wider awareness of an applied One
Health approach for threat reduction.

2. Publications: All Institutes

No project scientific publications to report as of yet. However, the project team developed a project
summary sheet for outreach to stakeholders in Jordan (as shown below).
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Quarterly Report: HDTRA 12010029 - Year 1, Quarter 1 (9/29/20 - 12/28/20)

TXTT,
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Reducing the Threat of MERS-CoV and Al in Jordan & Strengthening Regional
Disease Surveillance Capacity

Jotrdan has experienced several important zoonotic diseases in the few past vears
including avian influenza A (Al strains HIN1 and HSN1 and Middle East Respiratory
F Svndrome Coronavirus (MERS-Co\]). High-
consequence zoonotic pathogens in the Middle East
have resulted in disease epridemacs of international
importance, raising the need for health securitv
enhancements to strengthen the region’s ability to
prevent, detect and respond to multiple zoonotic
disease threats. MERS-CoV 1s recognized as a threat to
global health security, with designation as a priority
disease under the World Health Organization (WHO)
Research and Development Blueprint. Although most
cases have been reported 1n the Kingdom of Saudi
Arabia (KSA), the first known human infections

occurred 1in Jordan in 2012,

Camels are the presumptive source of primary human MERS-CoV infections; however,
the exact mechamisms of ransmission and the possible role of other livestock species are unclear.
These uncertainties highlight the need 1o better
understand the causal facters of primary human
mfection with MERS-Co\’ at human-livestock
mterfaces given the high livestock-human contact 1n
camel production svstems in Jordan. Avian
influenza viruses are widely distmibuted all over the
world. In Jordan. the first outbreak of Al strain
H3N1 was reported in 2006. The development and
wide spread circulation of a new and highly
pathogenic strain of Al could present a serious risk
to both amumal and humans and could result 1n major
socio-economic losses. In fact, there has been a
rapid expansion of the poultry industrv in Jordan in
recent vears due to increased demand which
increases the rnisk of Al to public health, locally as -
well as regionally and globallv. Therefore, identification and characterization of Al subtvpes
circulating among poultry across Jordan will provide critical information needed to understand
baseline activity and risks.
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Quarterly Report: HDTRA 12010029 - Year 1, Quarter 1 (9/29/20 - 12/28/20)

o é;'g' bk

Utilizing an international consortium of partners, we are conducting a multi-disciplinar:

One Health research project to 1dent1f\ causal factors in the transmission of MERS-CoV', Al and
%L w other zoonoses in Jordan, while smmlta.neousl’»

strengthening local capacity for prevention,
detection, and reporting of these zoonoses 1n
A\ Jordan, Iraq. and Lebanon. Our proposed project
will nngorously test the following inital
" hvpotheses:

1) That livestock species and poultry in Jordan
.. show evidence of infection with MERS-CoV’, AL
" respectively and or other zooneses.

= 1) That people regularly exposed to livestock

EARY : » and’or poultry or their living areas have a greater
risk of infection w 1T.h I\IERS Co\ AI and: or other zoonoses compared to other
community members in Jordan.

3) That some specific practices may promote exposure to specific animal biohazards
{e.g.. blood, urine, feces, and or nasal secretions) and pose a greater risk of infection with
MERS-CoV, Al and other zoonoses compared to others,

This study involves interviews and lengitudinal sampling of humans, livestock, and
poultrv at animal markets and farms for MERS-Co\", Brucelia spp.. and Leprospira spp.
(people livestock) and for Al subtypes (people poultry). Partner laboratories in Jordan will
screen and characterize these zoonotic pathogens, and capacity-building cross-traimings will be
conducted with visiting laboratory scientists from Iraq
and Lebanon. This multifaceted One Health approach
will advance scientific knowledge on the risk of
MERS-CoV', Al, and other zoonoses 1n Jordan,
strengthen local zoonotic disease surveillance
capabilities, and enhance scientific partnerships in
Jordan, Iraq and Lebanon to prevent, detect, and report
biological threats,

The project 15 supported by the U5, DoD
Defense Threat Reduction Agency’s Biological
Threats Reduction Program.
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Biological Thrcats Reduetion Program
PROJECT QUARTERLY REPORT

PROJECT INFORMATION

HDTRA12010029 - Reducing the Threat of Middle

East Respiratory Syndrome Coronavirus and Avian

Influenza in Jordan & Strengthening Regional Disease

Surveillance Capacity

Quarter and Dates: Y1, Q2 [ {12/29/20 - 03/28/21)
Prepared by: | Dr. William B. Karesh

Project and Title:

OVERALL PROJECT SUMMARY AND OBJECTIVES

Project Objective

Utilizing an international consortium of partners, this effort is a multi-disciplinary One Health
research project to identify causal factors in the transmission of MERS-CoV, Al and other zoonoses in
Jordan, while simultaneously strengthening local capacity for prevention, detection, and reporting of
these zoonoses in Jordan, Irag, and Lebanon. Our proposed project will rigorously test the following
initial hypotheses: 1) That livestock species and poultry in Jordan show evidence of infection with
MERS-CoV or Al, respectively and/or other zoonoses. 2) That people regularly exposed to livestock
and/or poultry or their living areas have a greater risk of infection with MERS-CoV, Al, and/or other
zoonoses compared to other community members in Jordan. 3) That some specific practices may
promote exposure to specific animal biohazards (e.g., blood, urine, feces, and/or nasal secretions) and
pose a greater risk of infection with MERS-CoV | Al and other zoonoses compared to others. This study
involves interviews and longitudinal sampling of humans, livestock, and poultry at animal markets and
farms for MERS-CoV, Brucella spp., and Leptospira spp. (people/livestock) and for Al subtypes
(people/poultry). Partner laboratories in Jordan will screen and characterize these zoonotic pathogens,
and capacity-building cross-trainings will be conducted with visiting laboratory scientists from Iraq and
Lebanon. This multifaceted One Health approach will advance scientific knowledge on the risk of
MERS-CoV, Al, and other zoonoses in Jordan, strengthen local zoonotic disease surveillance
capabilities, and enhance scientific partnerships in Jordan, Iraq and Lebanon to prevent, detect, and
report biological threats.
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Quarterly Report: HDTRALZ2010029 - Year 1., Quarter 2 (12/29/20 - 03/28/21)

YEAR 1, QUARTER 1 PROGRESS UPDATES FOR EACH TASK

Task L: Determine the presence of MERS-CoV. AL and other zoonoses amone livestoek and
poultry in Jordan.

Subtisk 1.1 Tdentify sites for project study

Activities and results this quarter:

o Project staff reviewed site selection criteria
and collaborated with the team to produce a
solution for spatial sampling vsing a “Shiny
App.” This novel app will be nsed to
randomly select sampling sites in Jordan.

o The Site Characterization form has been
drafted and coded with Open Data Kit
(ODK). ODK is software that allows for the
creation of survey tools and the collection,
management, and usage of data in low-
bandwidth environments.

Sthtaxh 1.2 Obtain local permissions and

approvals o vwork it asimaly Figure I. An example of the Shiny App

Activities and results this quarter: }'a}tdorn{y selecting sites (the red‘dors),

o The animal owner consent forms were finalized
with input from local subject matter experts (SMEs)
familiar with sampling communities. o .

o Jordan University Science and Technology (JUST)
IACUC for research with animal subjects was
submitted and full approval was obtained.

o JUST approval for use of the animal owner consent
forms was obtained.

o ACURO approved the animal IACUC and
determined the projects protocol was a surveillance
project. No further action is required.

o The first draft of the animal sampling protocol has [
been completed and is currently being reviewed by
partners.

Frulivar Fhab b Basha,

c Dbicsat ol Muddlc Fast Hospatalon
12410 Lrulnm & SIF T

Future Tasks

Subtash 1.5 Conduct hiological sampling of animeals in
the study areas

Subtask 14 Conducr Labviesiine for A1 MERS-Col Figure 2. Approval letter from
Pracellosis and Teptosprirosis, Jordan's IRB committee.
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Quarterly Report: HDTRALZ2010029 - Year 1., Quarter 2 (12/29/20 - 03/28/21)

Task 2: Determine whether {and if so, the extent to which) humans at human-livestoek/poultry
interfaces display evidenee of infection.

Swehtask 2.1 Identify sites and conduct enrollment for nunan suidv componem

Activities and results this quarter:

o The project staff determined that it is likely that there will be a higher rate of loss to follow-
up than initially projected. To account for an increased loss to follow-up, the target number
for human enrollment for the first year will be increased to 100 people at each site for a total
of 500 people for the first year. Protocol documents have been updated as appropriate.

Stehtask 2.2 Obtuin local permissions aind approvals to vwork with human subjocty

Activities and results this quarter:

o Obtained human subjects research approval from the local ethics review board at JUST
(2/23/21). The human subjects research and human sampling protocol will now be submitted
to Health Media Lab IRB Research and Ethics (HML) for domestic approval.

o Prior to purchasing equipment, the team needs to acquire a tax exemption letter from the
Jordanian government.

o Supported JUST in their application for a Federal Wide Assurance number.

Future Tasks
Subtask 2.3 Conduct biolugical sumpling

Suhtask 2.4 Conducet testing for AL MERS-Col. hrucetlosis and leprospirosis

Task 3: Characterize causal factors in animal-to-human transmission of these zoonoses,

Subtask 3.1 Obtain local permissions wmd approvals towork awith et subjects

Activities and results this quarter:

o The Jordanian team and EcoHealth Alliance (EHA) behavioral risk scientists collaboratively
built and finalized the Animal History Form, Field Data Sheet, Human Questionnaire, and
Site Characterization Form.

o Local JUST IRB approval obtained.

o The Human questionnaire, Site Characterization Form, and Animal History Form have been
drafted and coded for Open Data Kit (ODK). Tablets were purchased for the Jordan team.

Stehtask 3.3 Analvze epi causal inforence to identifv modifiable risk fuciors

Activities and results this quarter:

o Worked with the project staft and SMEs to compile a list of epidemiological risk factors,
behaviors, and general exposure risk factors to be used in data analysis.

o During the human subjects research workshop, worked to collaboratively fill-out a survey
guide to provide clarity of question purpose and application for field staff. In scenarios where
subjects might need support in understanding questions, ensuring that field statf understand
the risk factors being analyzed in each question will support survey strength.

Future Subtask(s)

Subtask 3.2 Conduct beliavioral visk fucior surveys in people
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Quarterly Report: HDTRALZ2010029 - Year 1., Quarter 2 (12/29/20 - 03/28/21)

Task 4: Produce ecospatial maps of zoonoses in livestoek and poultry and of human zoonotie

transmission risk.

Future Subtask(s):

Subtask 4.1 Generate maps of Lahoratory resulis

Subtask 4.2 Generate visk maps with laonen hehavioral visk factors

Task 5. Strenethen local capacity for detection and reporting of MERS-CoV. Al and other

zoonoses in Jordan, Irag. and L.ebanon

Swehtusk 3.1 Conduct project kick-off meeting i Aunnanr with local stakeholdery
Activities and results this quarter:

o

The Jordan MERS/AI project launch meeting was held on January 27%, 2021. In order to
adhere to COVID-19 safety guidelines, the meeting was held virtually using a password-
protected system. The launch meeting was a success and highlighted the centrality and
investment in collaboration for this project. The launch was also an opportunity to engage
additional key stakeholders to promote synergies with existing biodetense/health security
activities, and provided a forum to share One Health approaches that could potentially be
sustained by the Ministry of Health.

Stibtarsk 3.2 Train tocal project stafl in proper technigiies
Stebrask 3.2 T focal project staf fect

e}

o

All research team members are equipped with
CITI training in human subjects research, the
team will continue to provide capacity-building
through trainings and workshops on subjects
integral to this project and to future public health
research, including best practices regarding
research and data security, and survey tool

development.
* The first annual project training workshop

and was attended by all team members, project training workshop.

including senior scientist and university students. The first and second day of the
workshop was held virtually and the third day of the workshop will be held in person.
The date of the third workshop will be determined soon, depending on local
regulations and will include safety measures in place for COVID-19.

* The third day of the workshop will include training on basic laboratory safety:
biosafety and biosecurity, facilitated by Dr. Mustafa Ababneh, and cold chain
implementation, facilitated by Dr. Borhan Al-Zghoul.

The sessions held during the two-day virtual workshop included training on:

» Data management use and storage - facilitated by Jamie Cooksey and Dr. Whitney
Bagge

* Ethical human subject research - Emily Hagan and Stephanie Martinez

= FEthical animal subject research- Hani Talatha

* Questionnaire administration - facilitated by Emily Hagan and Stephanie Martinez
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Quarterly Report: HDTRALZ2010029 - Year 1., Quarter 2 (12/29/20 - 03/28/21)

» Safe human and animal sampling - led by Dr. Basil Amarneh and Dr. Zaidoun
Jijazeen

Stehtusk 3.0 Datu Management

o The project staff have finalized data management
tools and decided to use ODK connect servers to
securely store survey data and Airtable servers for
human and animal lab data. Only the specific app
nsers for each of the servers can access the secure

data.
o Training for the data management systems was Figure 4. Second virtual day: first annual
completed in the project training workshop. project training workshop.

Subtask 3.7 Conduct presemiationssmevtings af times and places specified

o  Project kick off for HDTRA1-20-1-0029  Jordan was held on January 13", 2021. The kick-
off meeting was a success and the team had a positive collaboration with DTRA, and Jordan
partners.

o Meeting on March 7% at Jordan Armed Forces GHQ (JAF) with LTC. Mohammad Malkawi,
Arms Control & International Organizations branch, Directorate of Planning & Organization
(DPO), JAF to follow up with letters send to Ministry of Agriculture, Ministry of Health and
Ministry of Environment to form a Focal point committee to the project. Letters are also sent
to RSS, Badia Fund, WHO, FAO, USAID, AOAD and RVC to join the committee. This
committee will follow up on One Health approach as well.

Future Tasks

Subtask 3.3 Host annual partners and stakeholders meeting

Subtask 3.4 Complete annual report and share with partners und stakelrolders

Stehtusk 3.5 Conduct local-regional training workshopy

o A proposed date has been set for the training at the Human Link Lab at the National
Research Centre, Egypt. While details remain to be confirmed due to considerations for
COVID-19, the team looks forward to engaging with our regional stakeholder to further
serve the regional biosecurity and capacity-building objectives of the project.

A)
A)

Tasks to be initiated after Year 1:

Task 6. ldentity specific modifiable risk factors for human infection with these zoonoses

Presentations and Publications

1. Presentations and Qther Conlerence Submissions: All Instilutes

o Developed slide set to present project concept for wider awareness of an applied One Health
approach for threat reduction.

2. Publications: All Institules

No project scientific publications to report as of yet.
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Biological Threats Reduction Program
PROJECT QUARTERLY REPORT

PROJECT INFORMATION

HDTRA 12010029 - Reducing the Threat of Middle

East Respiratery Syndrome Coronavirus and Avian

Influenza in Jordan & Strengthening Regional Disease

Surveillance Capacity

Quarter and Dates: Y1, Q3 [ {03/29/21- 6/29/21)
Prepared by: | Dr. William B. Karesh

Project and Title:

OVERALL PROJECT SUMMARY AND OBJECTIVES

Project Objective

Utilizing an international consortium of partners, this effort is a multi-disciplinary One Health
research project to identify caunsal factors in the transmission of Middle East Respiratory Syndrome
Coronavirus (MERS-CoV), Avian Influenza (Al), and other zoonoses in Jordan, while simultaneously
strengthening local capacity for prevention, detection, and reporting of these zoonoses in Jordan, Irag, and
Lebanon. Qur proposed project will rigorously test the following initial hypotheses: 1) That livestock
species and poultry in Jordan show evidence of infection with MERS-CoV or Al, and/or other zoonoses.
2) That people regularly exposed to livestock and/or poultry or their living areas have a greater risk of
infection with MERS-CoV |, Al, and/or other zoonoses compared to other community members in Jordan.
3) That some specific practices may promote exposure to specific animal biohazards (e.g., blood, urine,
feces, and/or nasal secretions) and pose a greater risk of infection with MERS-CoV, Al, and other
zoonoses compared to others. This study involves interviews and longitudinal sampling of humans,
livestock, and poultry at animal markets and farms for MERS-CoV, Brucella spp., Leptospira spp.
(people/livestock), and for Al subtypes (people/poultry). Partner laboratories in Jordan will screen and
characterize these zoonotic pathogens, and capacity-building cross-trainings will be conducted with
visiting laboratory scientists from Iraq and Lebanon. This multifaceted One Health approach will advance
scientific knowledge on the risk of MERS-CoV, Al, and other zoonoses in Jordan, strengthen local
zoonotic disease surveillance capabilities, and enhance scientific partnerships in Jordan, Iraq, and Lebanon
to prevent, detect, and report biological threats.
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Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

YEAR 1, QUARTER 1 PROGRESS UPDATES FOR EACH TASK

Task L: Determine the presence of MERS-CoV. Al and other zoonoses amone livestoek and
poultry in Jordan.

Subiash 11 Ldentiiv sites for project stidv

Activities and results this quarter:

o Project staff reviewed site selection criteria and with input from local subject matter experts
(SMEs), the list of sites was narrowed down to include villages with the three interface sites
represented and sufficient human population. From this list of thirteen potential sites, the Shiny
App, was used to randomly generate the final five sites in Jordan to be used for the field study
components of the project. Jordian project partners participated throughout the process and
learned the methodology and rationale for randomizing site selection.

B A P LTS S S
Figure 1. Sites selected using spatial sampling “Shiny App” (red points).
Lefi image contains every point prior to SME local input and the right
image contains the randomly selected points.

Subtash 1.2 Obwain local permissions and approvals o vordk awith aninials

Activities and results this quarter:

o Jordan ACUC and Tufts [ACUC approvals and ACURO surveillance project determination
were obtained in previous guarters. No further action is required.

Future Subtask(s)

Subiask 1.3 Conduct hiofogical sampling of animeals in the sivndy areas
Subtash 14 Conduct lah testing for A MERS-Caol,

Prucellosis and loprospivosis.,

Task 2: Determine whether (and it so. the extent to which) humans at human-livestoel/poultry
intertaces display evidence of infection.

Subtask 2.1 Tdemiifv sites wind conduct enrolfment for et studv component
Activities and results this quarter:

Biological Threats Reduction Program Page 2 0f 7



Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

o The project staff have selected the villages below for sampling:
1. WC34+58 Dabet Hanut, Quaira, Agaba
2. HHF4+55 Al-Mansoura, Shoabak, Maan
3. BG3R83IWF+5G Al Damkhi, Karak
4, RRMB+8F Azraq, Zarqa
5. F4PG+QH, Hosha Sub-District, Ramtha, Irbid
o The team developed a draft Human and Animal sampling protocol in preparation for

enrollment of human and animal participants.

Stehtask 2.2 Obiain local permissions aind approvals to work with human subjecty

Activities and results this quarter:

o The project team submitted the study protocol to Health Media Lab IRB Research and Ethics
(HML) for U.S. IRB approval. Approval was obtained (4/23/21).

o The project team submitted an amendment to the local ethics review board at JUST and
approval was given (4/26/21).

o The human subjects research and human sampling protocol was submitted to the Human
Research Protection Office (HRPO) (5/4/21).

Subtask 2.3 Conduct hivlogical sumpling
o Equipment purchased
o Field Vehicle: 2021 MGRXS, delivery pending completion of tax exemption approval

Subtask 2.4 Conduct testing for AL MERS-Col. brucellosis and leptospivosis
o Equipment purchased

o Synergy HTX Multi-Mode microplate reader and PC

Task 3: Characterize causal factors in animal-to-human transmission ot these zoonoses.

Stehtask 3.1 Obuain local permissions aind approvals to work with human subjocty
Activities and results this quarter:

o The JUST IRB approved an amendment for the human subjects research.

o HML IRB approved the protocol for U.S.-based IRB approval.

o The human subjects research and human sampling protocol were submitted to HRPO.

Future Subtask(s)
Suhtask 3.2 Conduct hehavioral visk facior survevs in people
Stehtusk 3.3 Analvze epi causal inference to identifv modifiable risk faciors

Task 4: Produce ecospatial maps of zoonoses in livestock and poultry and of human zoonotie
transmission risk.
Stehtusk 4.1 Generate maps of laboratory resulty
Activities and results this quarter:

o The project staff created an R Markdown document in RStudio for future stakeholder
meetings that includes maps to demonstrate the percentage of positive tests over the total
amount of humans and animals tested for the four zoonotic pathogens of interest in Jordan
for this project.
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Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

Future Subtask(s):
Stehtusk 4.2 Generate visk maps with Juunan behavioral visk fuctors

Task 5. Strenethen local capacity for deteetion and reportine of MERS-CoV, Al and other zoonoses
in Jordan. Iraq. and [.chanon

Subtask 3.2 Train local project staff in proper iechniguies

o Due to an increase in COVID-19 cases in Jordan, the third date for the in-person workshop
was finalized for May 27", 2021. The workshop included training on basic laboratory safety:
biosafety and biosecurity, facilitated by Dr. Mustafa Ababneh, and cold chain implementation,
facilitated by Dr. Borhan Al-Zghoul.

o Due to the COVID-19 group limitation, X W o
7 people attended the third in-person g L -
workshop: B /‘ . T

*  Dr. Mustafa Ababneh (JUST)

* Dr. Borhan Al-Zghoul (JUST)

* Yasmin Issa Daradkeh
(graduate student, JUST)

* Farah AlNabulsi (graduate
student, JUST)

* Abed Elrahman Taltha
(undergraduate student, JUST)

* Leen Al-Bayari (undergraduate
student, JUST) Figure 2. In-person workshop on basic

* Dr. Omar Al-Omari, MD laboratory safety.

o  March 29, 2021: Dr. Ehab Abu-Basha reviewed the diagnostic laboratories in Al-Karak and
Ma’an to determine the limitations and status of veterinary services in the south of Jordan (the
report was a follow vp to previous visits in 2017 and 2019).

o Recommendations are as followed:

*  Complete laboratory building infrastructure with suitable benches, sinks, and
cabinets (Karak Lab)

* Hire adequately trained veterinarians and laboratory technicians to the
laboratories

* Provide adequate training on safety, proper use and maintenance of laboratory
equipment and chemicals.

* Provide adequate amount of laboratory diagnostic chemicals, supplies and Kkits.

*  MOA should recruit staff to Ma’an and provide incentives for relocation.
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Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

Subtask 3.6 Data Managemoent

Incorporated the Arabic translations of the surveys into ODK.

o The project team developed field data sheets and input into the
AirTable data management software, and reviewed
accessibility and overall design for improvements in
conjunction with their review of the field and laboratory
protocols.

o The project team has created specific QR codes on ODK
Collect for each of the team members to access their own
survey to practice using the tablets for when sampling begins. .

o For real-time quality control of data collection and entry, the  Figure 3. A mock example of
project team has coded and developed a series of automated  the OR codes that each
reports using R Studio Connect to be in place for when data  individual team member
collection begins. The intention is that field and laboratory
staff serve an active role in data cleaning as

they can review data on a biweekly basis and 2 3
work with EHA data management staft to
identify any issues in real time P

o The ODK wvalidation report has been
coded for the purpose of real-time
quality control for the surveys that are
delivered by field team members.
o The data management team developed a draft
project dashboard for full project progress
monitoring, to be shared among partners to =~ —
share team and project progress at-a-glance. 12
The dashboard ensures the full team can see
project activities on all fronts  laboratory,
surveys, human and animal sampling. The
dashboard ditfers from the antomated sampling
reports, in that the sampling reports are highly
detailed accounts of each effort tailored to the
sub-team doing that sampling for data cleaning
purposes, while the dashboard summarizes the
full team effort.

Figure 4. An example of the dashboard
demonstrating how data witl be summarized.

Subtask 3.7 Conduct presemiationssmectings af times and pluces specified
Activities and results this quarter:
o Focal Point Meeting
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Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

o April 6,2021: The focal point meeting
took place in Amman, Jordan, in
April. Dr. Ehab Abu Basha gave a
brief description of the project. This
event provided an opportunity to
clearly establish the role of the
Ministry of Agriculture in the context
of the project and to discuss upcoming
lab visits in the south of Jordan.
Follow-up meetings will be conducted

¥ L PR °
N .. .

—

online due to COVID-19 regulations. "8 : _ 'E AN <
o In attendance to the focal point == ' \. k'} '
meeting: N N AR

=  Dr. Ehab Abu Basha, JUST
* Dr. Zaidoun Hijazeen, JUST
»  Dr. Yasmin Daradkeh, JUST
=  Dr. Lavra Sawalha, WHO

* Dr. Hussein Zyoud, Head of Animal Health Labs, MoA
s  Dr. Essam Hawwa, CVO, MoA

* (Colonel Oday Mrayat, Jordan Armed Forces

Figure 5. Focal point meeting in Jordan.

o Jordan Team Meeting
o May 10, 2021: The Jordan in-country team held a meeting to discuss training and
workshops, the human questionnaire, and purchasing activities in preparation for the
beginning of data collection. The Jordan team will purchase lab and tield materials and
establish and review standard operating procedure (SOPs) for animal and human
sampling, questionnaire administration, and laboratory procedures.

Future Subtask(s)

Subtask 3.1 Conduct project kick-off meeting in A with local stakeholders

Stehtask 3.3 Host annuad partners und swkeholders meeting

Subtusk 3.4 Complete unnial report and share with partners and stakcholders

Suhtask 3.5 Conduct local-regional training workshops

o COVID-19 restrictions have limited in-person workshop, but as the restrictions begin to ease,
we are hopeful that we will be able to set a date for the local-regional training workshop, with
Human Link Lab at the National Research Centre, Egypt, in August. The team looks forward
to engaging with our regional stakeholder to further serve the regional biosecurity and

capacity-building objectives of the project.
Tasks to be initiated after Year 1:

Task 6. Identify specific modifiable risk factors for human infection with these zoonoses
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Quarterly Report: HDTRAT2010029 - Year 1, Quarter 3 (03/29/21  6/30/21)

Presentations and Publications

1. Presentations and Other Conlerence Submissions: All Instilutes

o June 7, 2021: Dr. Whitney Bagge presented to the American Association of University Women
(AAUW) on “Preventing the Next Pandemic: Science and Capacity Building.

e June 24, 2021: Dr. William Karesh presented a webinar for the Walter Reed Army Institute of
Research (WRAIR) One Health Branch, including AFRIMS and other overseas labs on “One
Health in the Pandemic Era™ and discussed DTRA BTRP projects including this one in Jordan.

2. Publications: All Instilutes

No project scientific publications to report as of yet.
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Biological Threats Reduction Program
PROJECT QUARTERLY REPORT

PROJECT INFORMATION

HDTRA12010029 - Reducing the Threat of Middle

East Respiratory Syndrome Coronavirus and Avian

Influenza in Jordan & Strengthening Regional

Disease Surveillance Capacity

Quarter and Dates: Y1, Q4 ‘ (06/30/21- 9/29/21)
Prepared by: | Dr. William B. Karesh

Project and Title:

OVERALL PROJECT SUMMARY AND OBJECTIVES

Projcet Objective

Utilizing an international consortium of partners, this effort is a multi-disciplinary One Health
research project to identify caunsal factors in the transmission of Middle East Respiratory Syndrome
Coronavirus (MERS-CoV), Avian Influenza (Al), and other zoonoses in Jordan, while simultaneously
strengthening local capacity for the prevention, detection, and reporting of these zoonoses in Jordan, Irag,
and Lebanon. Our proposed project will rigorously test the following initial hypotheses: 1) That livestock
species and poultry in Jordan show evidence of infection with MERS-CoV or Al, and/or other zoonoses.
2) That people regularly exposed to livestock and/or poultry or their living areas have a greater risk of
infection with MERS-CoV |, Al, and/or other zoonoses compared to other community members in Jordan.
3) That some specific practices may promote exposure to specific animal biohazards (e.g., blood, urine,
feces, and/or nasal secretions) and pose a greater risk of infection with MERS-CoV, Al, and other
zoonoses compared to others. This study involves interviews and longitudinal sampling of humans,
livestock, and poultry at animal markets and farms for MERS-CoV, Brucella spp., Leptospira spp.
(people/livestock), and for Al subtypes (people/poultry). Partner laboratories in Jordan will screen and
characterize these zoonotic pathogens, and capacity-building cross-trainings will be conducted with
visiting laboratory scientists from Iraq and Lebanon. This multifaceted One Health approach will advance
scientific knowledge on the risk of MERS-CoV, Al, and other zoonoses in Jordan, strengthen local
zoonotic disease surveillance capabilities, and enhance scientific partnerships in Jordan, Iraq, and Lebanon
to prevent, detect, and report biological threats.
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Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

YEAR 1, QUARTER 4 PROGRESS UPDATES FOR EACH TASK

Task 1: Determine the presence of MERS-CoV., Al and other zoonoses among livestock and
poultry in Jordan.

Subiash 11 Ldentiiv sites for project stidv
Activities and results this quarter:

o Four project staff from Ecohealth Alliance traveled to Amman, Jordan from August 67 -
14" to provide a two-day workshop and an investigation of selected study sites. During the
trip the project staff visited four ditferent potential human-animal interface sites. Two of
the were located in the Tura subdistrict in Al-Ramtha and the other two sites were located
in the Hmeimeh and the Al-Dissi subdistricts in Quaira, Agaba.

ng”re . A camel fﬁter/’ace site 1n the Tura F!Igu?‘(? 2. A camel !.er??fa(f(? site In A{-DJ’I-S‘S!..
subdistrict in Al-Ramtha in the north of Jordan. Quaira, Aqaba in south of Jordan.

Subtask 1.2 Odnain local permissions and approvals tovcork wwith animels
Activities and results this quarter:
o All required approvals for animal work have been obtained. The team is still awaiting
approval from the Office for Human Research Protections (HRPO) so that human and
animal work can be conducted simultaneously (One Heath approach).

Future Subtask(s)

Subtash 1.5 Conduct hiological sampling of wainals in the stady areas
Subtask 14 Conduct lab resiine for A YFERS-Col

Brvecllosis and feptospivasis.,

Task 2: Determine whether Gand il so. the extent (o which) humans at human-livestock/poultry

interfaces displav evidence of intection.

Stehtask 2.1 fdemifv sives and conduct enroltment for nunan suidv componem
Activities and results this quarter:

Biological Threats Reduction Program 2



Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

o During the August 6" to 14" trip to Jordan, the project staff investigated the sites that were
randomly chosen for the project. They communicated and discussed the project’s
objectives with the people who lived/worked with the camels at four different interface
sites. These sites were located in the Hmeimeh and the Al-Dissi subdistricts in Quaira,
Aqaba, and the Tura subdistrict in Al-Ramtha, Irbid.

Figure 3 : Ieeting ‘*“"f_m thej(f:,u'jami.’ie:?fr.om @ Figure 4. Discussing the project with the head of
camel interfoce site in Hmeimeh subdisirict in the household at a camel interfice site in the Tura
Quaira, Aqaba. subdistrict in Al-Ramtha, Irbid.

Subtask 2.3 Conduct hivlogical sumpling

o Equipment purchased

o Field Vehicle: 2021 MGRXS8 was delivered and is currently with the in-country
team.

o Lab supplies were purchased for the project. These supplies include PCR testing
kits, direct RNA sequencing kits, tubes and caps, pipettes, probes, and ete.

o The JUST team created a purchasing committee from three members that will
review different vendors for product quality and price, and recommend the
purchases of items accordingly. In addition, they will also follow up with products
once delivered to check specifications and sign the required receipt forms as per
JUST regulations.

Suhtask 2.4 Conduct testing for A1 MERS-Col. brucellosis and leptospirosis.

o During the trip to Jordan, project team members visited Jordan University of Science and
Technology (JUST), and visited the laboratories that the project’s lab personnel will be
using to conduct testing on samples for exposure to Al, MERS-CoV, Brucella Sp. and
Leptospira Sp.

Biological Threats Reduction Program 3



Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

Figure 6. (L-R) Zaidoun [Hijazeen, Jamie
Cooksey, Emily Hagan, Dr. Ehab Abu-Basha,
Dr. Mustafa Ababneh, Dr. Whitney Bagge, Dr.
William Karesh, Dr. Borhan Al-Zghoul, and
Mohammad Hussien Alboom in the moleculor
biology lab ot JUST.

Figure 5. Mohammad Hussien Alboom
denonstrating how to analvse genetic
sequencing results.

Future Subtask(s)
Subtask 2.2 Ohtain local permissions amd approvals towork with lmenn subjects

o The team is still awaiting approval from the Office for Human Research Protections
(HRPO).

Task 3: Characterize causal factors in animal-to-human transmission ot these zoonoses.

Stehtask 3.1 Obuain local permissions aind approvals to work with human subjocty
Activities and results this quarter:
o The team is still awaiting approval from the Office for Human Research Protections

(HRPO).
Future Subtask(s)
Suhtask 3.2 Conduct hehavioral visk facior survevs in people
Subtask 3.3 dAnalvze epi cansal inference (o identifv modifiable visk fuciors

Task 4: Produce geospatial maps ol zoonoses in livestock and poultry and of human zoonotic
transmission risk.
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Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

Subtask 4.1 Generate maps of laboratory resulis Geospatial Maps of Zoonoses in®
el . ’ ) Livestock, Poultry, and Fumans n Jordan.
Activities and results this quarter:

o Updated the original geospatial map with mock data that
is connected to the project’s AirTable to create updated
automated reports to be sent to our project partners and
stakeholders.

Fey g A
tizars Tiznts Dol

Figure 7. Updated
Future Subtask(s): geospatial map based
on laboratory results
of humans, livestock,
and poultry positive for
the four pathogens.

Suhtask 4.2 Generate visk maps

Wil Inemeny hehavioral visk factors

Task 5. Strenethen local capacity for
detection and reportineg of MERS-CoV,
Al and other zoonoses in Jordan, Irag. and L.chanon

Subtask 3.2 Train local project staff in proper iechniguies

o The JUST graduate and undergraduate students
working on the project train for 8 weeks in PCR
techniques at the Molecular and Biology
Laboratory, JUST. After training, the students may
come in on their own time to practice.

o September 14, 2021, the human studies field team,
graduate and undergraduate students gathered for
training on how to use the tablets and give the

questionnaire to the participants. Figure 8. Dr. Basil demonstrates
o The project staff team and the students have created 10w to use ‘rhe tablets and i
a “WhatsApp” group chat for communication. questionnaires to the human field
team, graduate, and
Subtask 3.5 Conduct local-regional training workshops undergraduate students.

Activities and results this quarter:

o On August 100 & 11% 2021, EHA project staff travelled to Amman, Jordan, to lead a two-
day Survey Design and Risk Communications Workshop at the Grand Hyatt Amman. The
workshop was a highly interactive event in which project team leaders facilitated
presentations, discussions, and workbook activities designed to build skills around question
and survey design and risk communications strategies. The workshop additionally included
training on key tenets of ethical research with human populations. Including the project
team, 48 participants attended the first day, and 37 participants attended the second day. In
keeping with the One Health foundations of the project, an important component of this
workshop was having a group of participants who would be representative of a diverse
cross-section of government ministries and national One Health stakeholders from the
public and private sector. As the participant list below illustrates, this was successfully
achieved. Our esteemed participants received certificates at the close of the workshop, and
the project team received positive feedback and suggestions for future trainings.

Biological Threats Reduction Program 5



Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

o Objectives Day One

o]
@]
@]

Refresher on ethics in research with human populations
Review of key principles of research design and preparation
Discussion of strategies of how to design surveys with strong questions

o Objectives Day Two

@]

@]
@]
o]
o]

Application of lessons learned from Day One in drafting real survey questions
Introduction to the concept of risk

Introduction to the concept of risk communication

Practice key message development

Practice risk communication skills through examples

Biological Threats Reduction Program



Quarterly Report: HDTRAIT2010029 - Year 1, Quarter 4 (06/30:21  9/29/21)

Attendance for Day One
o Ministry of Health
o Dr. Alaa Hamdallah
Dr. Saed Alnserat
Dr. Nizar Masouda
Dr. Akef Sleihat
Dr. Hayel El-Buriqi
o Dr. Fatima Zerriouh
o Ministry of Agriculture
o Dr. Esam Hawa, Chief Veterinary Figure 9. Invited speakers table at opening of
Officer the workshop.
Dr. Majed Hawaosheh
Dr. Samer Aldwairi
Dr. Khaldoon Malkawi
Dr. Hassan Al-Husainat
Dr. Marwan Awabdeh
Dr. Sharher Abu Dalbouh
o Dr. Haitham Athamneh
o Ministry of Environment
o Eng. Belal Shagarin, Director of
Climate Change Direcotorate
o Eng. Saddam Diab Al-Khawaldeh,
Nature Protection Directorate
o Eng. Nour M Alghazo, Climate

o o 00

o0 o o 00

Change Directorate Figure 10. A 10-minute presentation on One
o Noura Hamad Alshra’a, Climate Health in Jordan by Dr. Alaa Hamdallah from
Change Directorate the Ministrv OfHé?aff;T.
o Jordan University of Science and
Technology e N d

o Dr. Mohammad Khalifeh, Dean of
Faculty of Veterinary Medicine
Dr. Tareq Mukattash, Dean of
Research

Dr. Ehab Abu-Basha, Project Lead
Dr. Mustata Ababneh

Mr. Bilal Al-Omari

Dr. Mohammad Borhan Al-Zghoul
Dr. Basil Hameed Amarneh

Dr. Saied Jaradat

Dr. Omar Al-Omari Figure 11. Group exercise during dav one of the
Eng. Hani Talafha Survev  Design  and Risk  Communication
Alaa Fahmawi, Nurse, King Abdulla Workshop.

Hospital

Q

oo 000 o000
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o Avyesha Al-Kofahi, Research
assistant
o Nour Alhoda, Research assistant
o Graduate Students
o Dr. Yasmin Daradkeh
o Dr. Farah Al Nabulsi
o Undergraduate Students
o Leen Al Bayari
o Abdelrahman Talaftha
o Royal Scientitic Society
o Dr. Ghadeer Alzghoul
o Dr. Mu'men Alrwashdeh
o WHO
o Dr. Lora Al-Sawalha, One Health
Professional Officer
o EMPHNET
o Dr. Moad Rahamneh
o United Animal Health Inc.
o Dr. Nadim Amarin, marketing and
Technical Manager, META
o Private Sector Veterinarians
o Dr. Zaidoun Hijazeen
o Dr. Brittany Crook, AUS
o DTRA
o LTC. Todd Dahmann

Attendance for Day Two
o Ministry of Health

o Dr. Alaa Hamdallah
Dr. Saed Alnserat
Dr. Nizar Masouda
Dr. Akef Sleihat
Dr. Hayel El-Buriqi
Dr. Fatima Zerriouh
Ministry of Agriculture
Dr. Esam Hawa, Chief Veterinary
Officer
o Dr. Majed Hawaosheh

o QO O 0o 00

Biological Threats Reduction Program

Dr. Samer Aldwairi
Dr. Khaldoon Malkawi
Dr. Hassan Al-Husainat
Dr. Marwan Awabdeh
Dr. Haitham Athamneh
Dr. Safa Atoom, Head of Microbiology
Unit
Ministry of Environment
o Eng. Nour M Alghazo, Climate Change
Directorate
o Noura Hamad Alshra’a, Climate Change
Directorate
o Abdelrahman Talatha
Royal Scientitic Society
o Dr. Ghadeer Alzghoul
Jordan University of Science and Technology
Dr. Ehab Abu-Basha, Project Lead
Mr. Bilal Al-Omari
Dr. Mohammad Borhan Al-Zghoul
Dr. Omar Al-Omari
Eng. Hani Talatha
Ayesha Al-Kotahi
Nour Alhoda
(iraduate Students
o Dr. Yasmin Daradkeh
o Undergraduate Students
o Leen Al Bayari
o Abdelrahman Talatha
WHO
o Dr. Lora Al-Sawalha, One Health
Professional Officer
o Olle Mjergura
EMPHNET
o Dr. Moad Rahamneh
Private Sector Veterinarians
o Dr. Zaidoun Hijazeen
o Dr. Brittany Crook, AUS

O 0 o 0 Q0

o QO OO0 0 o Q0
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i TR, ; .
Figure 12. Group photo of the participants from Figure 13. Certificates given out at
the August training workshop. the end of day two after the completion

of the workshop.
Stehtusk 3.0 Dara Munagement
o On August 8%, the project staff met at the Princess Haya Biotechnology Center at Jordan

University of Science and Technology to review the data management system AirTable
and discuss any concerns prior to starting sampling.

o The team decided to use a general
QR code and have team members
select their name from a list in the
administration section of the
SUIvey.

o The team created validation
reports for the field data and lab
data. The data validation reports
will help the field team check for
extreme values or any data entry
errors when the project team
inputs data into AirTable or ODK

il T Py

surveys. 4 S : :

Figure 14. On August 8, 2021, the team

Stehtask 3.7 Conduct preseniationsinrectings at gathered at JUST University, Jordan to
times und places specified discuss AirTable and data management.

o On September 9, 2021, Dr. Ehab Abu-
Basha conducted a meeting with both field and lab teams and the following activities
were undertaken:

o Responsibilities and tasks such as sample collection, transportation, sample
identification and labeling, receiving, and processing of samples in the lab and
questionnaire administration were described and identified for each member of
each team.

o SOPs previously prepared were reviewed and the human and animal team were
instructed to strictly follow the SOPs. A workshop to train team members how to
execute each task according to SOP is set to take place in the coming weeks.

Biological Threats Reduction Program 9
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o September 14, 2021, the field and lab teams had a meeting to discuss the logistics of cold
chain transport of samples from ditferent project sites to JUST. The field team will draw a
chart to summarize this process according to the agreed SOPs.

o September 16, 2021, Dr. Whitney Bagge conducted a regional planning meeting to discuss
the upcoming training at Human Link Lab at the National Research Centre in Egypt.

o Those in attendance:
»  EcoHealth: Dr. William Karesh Dr. Whitney Bagge, Jamie Cooksey,
Amanda Andre, Darya Ivanova
= JUST: Dr. Ehab Abu-Basha, Dr. Zaidoun Hijazeen, Dr. Bilal Al Omari,
Yasmin Daradkeh, Farah Al. Nabulsi
*  Human Link: Ghazi Kayali
o The meeting concluded that the training would take place for 5 days in the second
half of November. Security clearance for participants to enter the lab will need to
be cleared before travel to Egypt since the lab is a governmental facility.

Future SUbt&Sk(S) ' Ajrtable Lab Data Validatian Report  MERS-GoY  Avian Influcnzn  Leptospirasis  Brucellosis
Stehtusk 3.1 Conduct project kick-
off mecting in Amnran with local

stakeholders oo Tz ot o S

Subtask 3.3 Host amnnal partiners

and stalcholders mecting

,S‘f:‘h[{.’.\'!{\' 34 (.-‘(N.i'ﬂj)e"(’f(’ {HHH!U:" EHAZICO0N0  Na ya MA NULL Real Time PCR ORF 1 A Negative
report and shave with pariners aid Enancoor e Swabinawa  Mors  RealTima PR Real Time PCR ORF 14 Fesitive
stakeholders i

EHAZICO06 MA Swak (nasw Mers.  Real Tire PFCR Real Time FCRORF 1 A Fositive

Figure 15. An updated version of the validation reports
that will be sent to the team members that will inform of
any extreme or missing values.

Tasks to be initiated after Year 1:

Task 6. ldentify specific modifiable risk factors for human infection with these zoonoses
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Presentations and Publications

1. Presentations and Other Conference Submissions:
All Institutes

o Dr. Ehab Abu-Basha was invited to attend WHO
3rd Quarterly Meeting “Strengthening One Health
in Jordan” which was hold on July 15", 2021, in
Amman. Dr. Abu-Basha gave a presentation about
Strengthening Regional Disease Surveillance
MERS CoV and Al in Jordan. He also discussed
the methodology and the goals of the current
project. Figure 16. Dr. Ehab Abu-Basha at the

WHQ's 3" Quarterly Meeting.

o Dr. Ehab Abu-Basha was invited as keynote
speaker to the World Zoonoses Day 2021 on July
6™ by the Turkish Veterinary Association and gave
a presentation about “One Health in Action”. He
addressed the importance of One Health in action,
strengthening collaboration for detection and
surveillance of zoonotic diseases, establishment of

a national One Health committee, capacity - wrsi g
building and community trust and taising . rn
awareness. ot i [ ]
2. Publications: All Institutes Figure 17. World Zoonoses Dav 2021

conference was virtual on Zoom.

No project scientific publications to report as of yet.
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from Early-Stage Data via Transfer Learning
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I confirm receipt and we are delighted to revive this Grant award!
Please note our address may need to be updated, since it now is:
LeoHealth Alliance

520 Eighth Avenue

Suite 1200
New York, NY 10018

Thank you!

-Alckser

Alcksei Chmura, PhD
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LeoHealth Alliance develops sciecnce-based solutions to prevent pandemics and promeote conscrvation.,
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Dr. Ross and Dr. Chmura.

Congratulations! Attached for your records is the subject Grant award. Please let me know if you have any
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Prime 1 (Fifi-in) COST PROPOSAL

Sub 1 {Fill-in}
GENERAL INFORMATION
The purpose of the requested information in the attached worksheets is to assist government personnel in the review and evaluation of cost proposals submitted by offerors.
Options: Unpriced Options will not be accepted. Any Option that is not fully priced, will not be included in any resulting award.

Enter the proposed cost detail for the Base and each Option period {as needed) on the "Total Amount" tab.
* The formulas in this spreadsheet are hased upon common business practices; however, Offerors may edit formulas as necessary (edited formulas must still be visible).

¢ Ensure all costs from other worksheets are correct.
Below is a summary of the proposed cost. This chart will automatically fill in from the "Total Amount” tab.

Total Direct Labor Costs $286,937
Total Fringe Benefit Costs $105,593
Total Labor Qverhead Costs S0
Total Subcontract Costs 50
Total Consultant Costs $0
Total Other Direct Costs $22,660
Total Material Handling Costs %0
Subtotal Costs 5420,150
Total G&A Costs 5150,596
Subtotal Costs 5570,787
Total Cost of Money s0
Total Estimated Costs $570,787
Fixed Fee {If proposing a CPFF contract) S0
Total Estimated Costs Plus Fixed Fee 5570,787




BASE QPTICH 1 QRTION 2 DPTION 3 GETICN 4 Tolal
Direct Laber (DL MMIYR to MIYR MM Lo MR MMITR fo MMiTR] MR Lo MY R MM Lo MR
DOHerars Labor Category (Yate 1) Name fLast, Firs1l BaseiHours Rate Extended § Rate Extended § Rate Ertended § Ratz Estended § Rate Estended § Extended §
ragipal S st oss Moam [ i 7l B e il S it 5 H b H A i [0 T Sl [0 B EIe AEL T
Research Scenlis Meelsons Enne T 5<0.E7 42 500 20 1,047 542,91 347 34291 14 875 0 o 0.0 S0.00 o 0.00 0.00 5131.599.09
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LABOR Information Prime 1 {Fill-in}

Base Period | Option| | Option) | Optionw | Option Iv Supporting Documentation Supporting
Ratienale
Diract Escalation | Escalation | Escalation | Escalation
Labor Category (Note 1) Name Labor Rate Rate Rate Rate Rata [Note 2] {Nale 3}

Principal Seientist Ross, Moam £55.25 $GR.05 £0.00
Research Scientist Mendelsabn, Emmy 540,87 $42.91 542.91
Senior Engineer Young, Rob 550,48 $53.00 553,00
indirect Rates

Base Period | Option | Optien Il | Option Il | Cptien IV Basis of Rate Applied Against (Note &) SUDDOI’CIH;J?}?::TEHtatIOn
Rate Category Rate Rate Rate Rate Rate {E ple: FPRA, FPRP, Estimate, etc.}
Fringe Benefits 36.80% 36.80% 36.80% Estimate Direct labaor costs
Labor Overhead
Material Handling
General and Adrnistrative 35.84% 35.84% 35.84% Frovisional {PRGV) Total direct costs
Facilities Cost of Money
Note 1: Add additional labor categories if needed.
Note 2: Provide the location {sectien, page) in the proposal's Cost Narrative/Supporting Documentatian {BAA para 3.5.2.2.1) to support your price basis (e.g. copy of current payrell record or signed offer |etter)
Mote 3: Provide the location (section, page) in the propesal's Technical Basis of Estimate {BAA para 3.5.2.1.2) of the rationale for the appropriataness and necassity of the propesed labor catagories and the labor hours allocatad tc
Mote 4: Add additional indirect rates as neaded.

If the offeror does not have a Forward Pricing Rate Agreement {FPRA), Forward Pricing Rate Recommendation {FPRR), or provisienal billing rates; in order to assist the Government in
] of your proposed indirect rates, please provide the following information:

1. Performance data usad to develop your proposed indiract rates, This typically consists of pocl costs and base costs that demonstrate how the indirect ratas ware
derived.

2_ Infermation regarding ycur proj

v ing the reasor

for cut years, including your assumpticns and methed for developing these astimates.



Subcontractor

SUBCONTRACTOR COST DATA  Prime 1 (Fill-in)

Subcontracts/Interorganizational Transfers — A fully disclosed cost proposal as detailed as the Offeror’s cost proposal including support documentation
In accordance with FAR 15.404-3(b) and 15.404-3(c), the prime contractor shall perform and provide a cost/price analysis of each subcontractor’s cost

Certified cost or pricing data may be required for subcontractor proposals over $2,000,000.00, in accordance with Section 811 of the National Defense
Authorization Act for Fiscal Year 2018 {Pub. L. 115-91).

Competitive
Type of Quotes or Sole Cost/Price
Subcontractor CAGE Competitive/Sole |Cost/price analysis| Subcontract {i.e., Source Total amount exceeds Analysis
Code Source included (Y/N) Fixed Price, Time . $750K (VIN) ¥
Documentation (Note 1)

and Materials, etc.) Included (Y/N)

Note 1:  Provide the location {section, page) in the proposal’'s Cost Narrative/Supporting Documentation {BAA para 3.5.2.2.1) of the cost/price analysis for each individual subcontractor.

Offeror: Page 4 of 9 Pages



CONSULTANTS Prime 1 (Fill-in)

Suppartin Supportin
Description of effort to be performed by the Consultant | Number of | Hourly PP . & p|3| &
Name [Note 1) Total Documentation [Note | Rationale
or attach Consultant Statement of Work Hours Rate
2) {Note 3}
Base
50.00
50.00
$0.00
Option |
$0.00
$0.00
50.00
$0.00
Instructians: « For Prime - fill out all columns if applicable. Indicate "Not Applicable” in BS when therg is no information to include.,
Note 1: Include a separate section in the above table for the Base and each Optian.
Note 2: Pravide the location {section, page) in the proposal's Cost Narrative!Supparting Documentation (BAA para 3.5.2.2.1) used to support your price basis (e.g. copy of quate or agreement).

Note 3: Pravide the location {section, page] in the proposal's Technical Basis of Estimate {BAA para 3.5.2.1.2) of the raticnale for the necessity of the proposed consultant{s).



MATERIALS - SUPPLIES {Note 1)

Prime 1 (Fill-in})

- Supporting . .
Item Description of Material {include model number} Oty Unit Price Total Price Competitive Vendor/Source Documentation Supporting Rationale
[Note 2) /Sole Source {If known) {Note 4)
{Note 3)
Base
1 Laptop computers 2 52,000.00 $4,000.00
Option |

Instructions:

Note 1:

Note 2:

Note 3:

Note 4:

* Fill oul all columns on the Materials/Supplies Tab for each item.

= Add additional ines if needed.

+ EnslUre that descriptions and vendors lisled on the Materials/Supplies worksheet malch information provided in lhe backup.

Material is property that may be incorporated into or attached to a deliverable end item or that may be consumed or expended in performing a contract. It
includes assemblies, components, parts, raw and processed materials, and small tools and supplies that may be consumed in normal use in performing a
contract. Material should be proposed separately from Equipment (see following spreadsheet and definitions).

Include a separate section in the ahove table for the Base and each Option.
Provide the location (section, page) in the proposal’s Cost Narrative/Supporting Documentation (BAA para 3.5.2.2.1) of the documentation used to support
your price basis [e.g. copy of quote, page from catalog, recent invoice or PQ). If the supporting documentation is located on a wehsite, then please provide a

screen shot.

Provide the location (section, page) in the proposal’s Technical Basis of Estimate {(BAA para 3.5.2.1.2] for the necessity of the proposed materialsfsupplies




EQUIPMENT (NOTE 1) Prime 1 (Fill-in)

Description of

Will the equipment

Type of Equipment
|special test

Item Equipment (include be |nc|l:.|ded as nart equmfﬂent, special Unit of o ' Supponlng Supnortlng
of a deliverable item tooling, general Qty Unit Price | Total Price VendarfSource Documentation Ratianale
{Hate 2] medel number] N Issue
under the award? | purpose egquipment, {Note 4) [Note 5}
[Mote 1] .
(Y/N)} or plant equipment)
[Mote 3]
Base
$0
$0
Option |
50

Instructiens:

Mote 1:
Note 2:
Note 3:

Note 4:

Note 5:

= Fill out all columns on the Equipment Tab for each item.
« Add additional lines if neesded.
= Ensure that descriptions and vendors listed on the Equipment worksheet match information provided in the backup.

Contractors are normally required to furnish all equipment and/or facilities necessary to perform Government contracts {see FAR 45.102(a}). The Government may allow
Include a separate section in the above table for the Base and each Option. Add additional lines labeled with Options If needead.

Defmltlnns

performlng a conlract It cunslsls of ltems or assemblies of equipment Includlng standard or general purpose items or components that are Interconnected and Interdependent

for installing speclal test eqmpment and whlch are of such a specialized nature that wnhout substantial modlflcatlon or alteration their use is limited to the development ar
Plant equipment means personal property of a capital nature {including equipment, maching tools, test equipment, furniture, vehicles, and accessory and auxiliary items) for

Provida the location (section, page) in the preposal's Cost Narrative/Supporting Documentation {BAA para 3.5.2.2.1) used to suppert your price hasis {e.g. copy of quote, page from catalog, recant invoice or PO,

Provide the location {section, page) in the propasal’s Technical Basis of Estimate (BA& para 3.5.2.1.2} of the rationale for the necessity of the propased materials/supplies




Prime 1 (Fill-in}

| iip Purpose | Nomber | Number of | Number | Ar/Rail | per iem | _per Diem ] “Rental | parking | Mileage | Taxi | Other | TOTAL | Supporting

City, State
Mew York, NY Canference Attendance 5 51,500.00 515500 $196.00 $0.00  50.00 0 $262.50  %300.00
Mantpelier, France Totals $3,000.00 $1,395.00 $1,568.00 $0.00 5000 50.00 $525.00  $600.00  $7,088.00
New York, MY Annual Technical Review 1 1 5 $350.00  $71.00 $161.00 $0.00  50.00 0 $262.50 50.00
Alexandria, VA Totals  $350.00  $319.50 $644.00 $0.00  30.00 $0.00 526250 5000 $1,576.00
Mew York, NY Canference Attendance 5 $500.00  $55.00 $225.00 $0.00  50.00 0 $262.50  %300.00
Bozeman, Montana Totals $1,000.00 $495.00 $1,800.00 $0.00  50.00 50.00 $525.00  $600.00  $4,420.00
New York, MY Annual Technical Review 1 1 5 $350.00  $71.00 $161.00 $0.00  50.00 0 $262.50 50.00
Alexandria, WA Totals 535000 $319.50 S644.00 50.00 50.00 S0.00  5262.50 50.00 $1,576.00
TOTAL 514,660

+ Whan cormnpleting the “From” and "To" information, anter the city and state where travel will originate and end. For example, from Seattle WA to Washington DC. Do not list airport
codes.

+ Include the trip purpose. It must be rafarred to in the Technical Proposal. Publications, conference attendance, and presentations are encouraged but must be justified to and
approved by the Program Officer,

+ Reamamber that you cannot stay overnight the same number of days that you travel. There must always be one more day than night.

+ Do not combing any categories.

+ For lodging and M&IE, use federal Per Diem Rates found at bittpwww defensetravel dod milfsite/pardiemCale.cfm.

+ For M&IE, input the full rate in the white block. The gray block will automatically calculate the total to include 75% for the first and last day of travel,

2oibenib Boneleoe far midaen el eaembal soaes Deieom mifaes oAb s sco ma iemelioemte i B misbeee is eedom A mbslo

Estimates and the resuitant costs claimed must canform fo the appllcahle Federal cost principles.
Include a separate section in the above table for the base and each option
If there are miscellaneous expenses associated with the trip, provide description and rationale,

Provide the location (section, page} in the proposal's Cost Marrative/Supporting Documentation (BAA para 3.5.2.2.1) used to support your price basis (e.g. copy of quote,
page from catalog, recent invoice or PO}



OTHER DIRECT COSTS (Note 1)

Prime 1 (Fill-in)

D({e;zr::t:;n Qty Unit of Issue Unit Price Total Price
Base S0
Publication costs Publication 51,500 $1,500
Cloud Services and Storage Annual 52,000 $2,000
Communication and Collaboration Services & Annual 51,000 $1,000
Option | S0
Publication costs Publication 51,500 $1,500
Cloud Services and Storage Annual 52,000 52,000
Communication and Collaboration Services & Annual 51,000 $1,000

Instructions:

Note 1:
Note 2:

» If you have any ODC entries, be sure to fill out all columns.
+ Ensure that descriptions and vendors listed on the ODC Details works

Examples include rental fees, shipping costs, license fees
Include a separate section in the above table for the Base and eacl



Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
PI: Noam Ross
Thrust Area 7, J5-A: Machine Learning for Infectious Biclogical Agent Forecasting

Attachment 1 - Statcment of Work (SOW)
Project Title: Predictin Biothreat Impacts from Early-Stage Data via Transfer Learning
Document Date: February 26, 2021

Objective

The project’s objectives are to determine the efficacy of machine learning (ML) techniques in
predicting epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats,
both intentional (e.g. novel genetically-modified pathogens) and natural (e.g. zoonotic). We
define “early stage™ as the initial period in an outbreak when only short time-series data are
available, prior to rapid growth and geographic spread, and epidemiological parameters are not
well-established. Specifically, we will answer three questions that will enable rapid decision-
making based on ML models of epidemic impacts:

Q1: How much does partial-pooling improve predictions of epidemic impacts, and what
information transfers best across diseases?

Q2: What variables are most predictive of epidemic impacts at early stages of an outbreak?
Q3: At what point in epidemic growth do hybrid models that incorporate mechanistic
epidemiological components become more accurate than pure ML models?

This work will contribute to fundamental knowledge of properties and variables that contribute
most to predictive accuracy at early-stage stages in emerging outbreak prediction and
forecasting. It will enable the development of robust and deployable predictive models at early
stages of outbreaks, and support informed choices for data collection and mode] selection.

Scope

The awardee proposes a two-year study to determine the efficacy of ML technigues in predicting
epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats. The
awardee team shall focus on the following major goals and milestones:

o Year I, Milestone 1 (0-6 months): Create and curate predictor database, project
infrastructure, continuous integration/validation, establish data-imputation and automatic
predictor workflow (Tasks 1.1-1.2).

o Year I, Milestone 2 (6-12 months): Bayesian additive regression tree (BART) model
fitting and tuning, determination of variable contribution to prediction accuracy (Task
1.3). Document and validate project code and infrastructure (Task 1.4)

e Option Year 1, Milestone 3 (12-18 months): Extend the database to include additional
predictors, extend the BART model to ingest genetic data (Tasks 2.1-2.3)

o Option Year, Milestone 4 (18-24 months): Construction of hybrid ML/mechanistic model
structure, comparative testing of pure and hybrid version, determination of timing when
current data overtakes transfer data (Task 2.4). Document and validate project code and
infrastructure (Task 2.5)

o Option Task 1, (12-18 months): Develop a graphical user interface (GUI) for the model,
allowing users to input of early-stage outbreak data and generate predictions, uncertainty
bounds, and interpretable explanations of influential variables. Document GUI and
validate code.
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Background

Situational awareness and risk assessment are critical at early stages of disease outbreaks, when
interventions can best mitigate adverse outcomes. Yet decision-makers often face a paucity of
data at these stages. Traditional modeling methods to forecast disease impact severity rely
heavily on prior knowledge or assumptions about mechanisms of disease spread progression, and
they frequently do not anticipate the actual mechanisms.'~ They also take considerable time and
effort to develop.

Recent theory suggests disease dynamics are fundamentally predictable?, and ML methods have
been successfully applied in emerging disease science. ML refers to a group of methods, ranging
from simple nearest-neighbor approaches to function-approximation methods such as boosted
trees and penalized splines, to complex deep-learning neural networks. ML has been used to
predict the likelihood of disease emergence and the zoonotic potential of various hosts and
virnses™*, and deep-learning approaches have been used to infer viral hosts from the
comparatively richer data of genetic sequences of viruses,”®

ML methods are generally unstructured, flexible, and offer greater predictive power over
traditional statistical approaches. However, these methods are data-intensive, and a key
challenge with ML development is data paucity and/or a low signal-to-noise ratio. Surveillance
data for even existing, well-studied diseases is rarely rich enough for the data scale of many
modern ML techniques. For instance, a ML approach to predict impacts from a new outbreak of
Ebola would draw training data from fewer than twenty previous events, each with varying
levels of data coverage.

Transfer learning, or data fusion, provides a solution to data paucity issues by using data from
other domains to train parts of models that are general, thus limiting new data requirements for
more specific components. Hierarchical modeling, or partial pooling, is a transfer learning
approach for partitioning out which data can be shared between models and which are only
applicable to a specific case. For instance, Ebola forecasts for countries outside the historic
range of the disease may be improved by calibrating against Cholera outbreaks, which have
occurred both within and outside countries with Ebola outbreaks. The degree to which the
disease outcomes are correlated is learned, rather than assumed.

An alternative recent development in disease forecasting is the development of hybrid models
that incorporate simple mechanistic structures and predictive ML methods to learn model
parameters. These approaches have demonstrated high predictive accuracy for near-term
forecasting of epidemic growth and impact, particularly during the COVID-19 pandemic”.
However, these approaches require adequate time-series of data to project forward from current
conditions. Their utility in early stages and long-term forecasting accuracy has vet to be
determined. In opting to apply these models, it is critical to understand these data requirements
and at what point in an outbreak hybrid approaches can overtake pure ML early-stage predictions
in accuracy. This project seeks to develop, apply, and compare pure and hybrid-ML techniques
to enable the development of robust, rapidly usable predictions at early stages of outbreaks.

Kev references (additional references can be found in the Technical Proposal):

1 MacDiarmid, S. C. et al. Handbook On Import Risk Analysis for animals and animal
products: quantitative risk assessment. Vol. 2 (Office International des Epizooties, 2004).
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2 Moura, J. A., McManus, C. M., Bernal, F. E. M. & de Melo, C. B. An analysis of the
1978 African swine fever outbreak in Brazil and its eradication. Rev. Sci. Tech. 29, 549-
563, doi:10.20506/rst.29.3.1992 (2010).

3 Delgado, J. ef al. U.K. Foot and Mouth Disease: A Systemic Risk Assessment of Existing
Controls. Risk Anal. 37, 1768-1782, doi:10.1111/risa. 12704 (2017).

4 Scarpino, S. V. & Petri, G. On the predictability of infectious disease outbreaks. Nat.
Commun. 10, 898, doi:10.1038/541467-019-08616-0 (2019).

5 Olival, K. J. et al. Host and viral traits predict zoonotic spillover from mammals. Nature,
doi:10.1038/nature22975 (2017).

6 Allen, T. et al. Global hotspots and correlates of emerging zoonotic diseases. Nat.

Commun. 8, 1124, doi:10.1038/s41467-017-00923-8 (2017).

7 Mock, F., Viehweger, A., Barth, E. & Marz, M. VIDHOP, viral host prediction with
Deep Learning. Bioinformatics (2(19).

8 Babayan, S. A., Orton, R. J. & Streicker, D. . Predicting reservoir hosts and arthropod
vectors from evolutionary signatures in RNA virus genomes. Science 362, 577-580,
doi:10.1126/science.aapP072 (2018).

9 Gu, Y. COVID-19 Projections Using Machine Learning, <https://covid19-
projections.com/about/#historical-performance> (2020).

Data Sources

Fitting and testing models will draw from disease outbreak data (counts, timing, and geography)
and predictor data including pathogen traits (disease symptoms, pathogen traits, modes of
transmission), pathogen sources (point of origin, geographic range of potential natural hosts),
environmental context (climatic conditions, ecosystem traits), and socioeconomic context (local
population densities, demographics, transportation networks, healthcare systems). Please see the
Technical Proposal for available data sources.

Tasks/Scientific Goals (Format: Year. Task.Subtask)
YEAR 1
Task 1.1 — Develop and deploy project infrastructure
The awardee shall develop a computational environment that enables continuous model
development and testing and allows for research and models to be reproduced and extended by
external teams. The computational environment will include continuous maintenance and
documentation of project codebase.

Subtasks

1.1.1 Layout a provision internal project network

1.1.2 Set up continuous integration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

Task 1.2 — Engineer project database
The awardee shall curate, integrate, cross-link, and validate relevant datasets from various
sources into a project database, accounting for differing space and time scales, data formats, and
data completeness.

Subtasks

1.2.1 Design database schema

1.2.2 Write pipelines to ingest data

1.2.3  Cross-link data sources via common ontology
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1.2.4  Write quality assurance/quality control (QA/QC) tests for data and perform data
cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from location
information

1.2.6  Update data from live sources and clean and maintain data continuously

Task 1.3 — Machinc Learning (ML) model development and testing
The awardee shall design, implement, test, and analyze performance of ML model structures and
iteratively improve them.

Subtasks

1.3.1 Establish quantitative and qualitative metrics of model performance

1.3.2 Implement “practical naive™ model baseline

1.3.3 Design Bayesian additive regression tree (BART) model structure

1.3.4 Design alternative generalized additive model (GAM) structure

1.3.5 Implement within-disease, all-disease, and partial-pooled disease model versions

1.3.6 Measure variable contribution by re-fitting

1.3.7 Analyze prediction-level variable contributions and model performance

1.3.8 Iteratively update models to improve performance

Task 1.4 — Maintain and documcnt project infrastructure

The awardee shall document the methodology for database schema, data ingestion pipelines,
QA/QC tests, extraction routes, and ML models established in Tasks 1.1-1.3.

Subtasks

1.4.1 Write and maintain initial codebase documentation

1.4.2 Perform code review, testing, and validation

OPTION YEAR (OPTION I):

Task 2.1 — Extend project databasc
In the option year, the awardee shall extend the database to include additional predictors and
continnously maintain and update to accumulate more data from upstream sources.
Subtasks
2.1.1 Extend database schema to include genetic data and auto-encoded variables
2.1.2 Write pipelines to ingest genetic data
2.1.3 Cross-link data sources via common ontologies
2.1.4Write QA/QC tests for data and perform data cleaning
2.1.5Update data from live sources and clean and maintain data continuously

Task 2.2 — Extend BART model
In the option year, the awardee shall extend the BART model to ingest genetic data and test the
contribution of this data in enhancing or recapitulating pathogen trait data.
Subtasks
2.2.1Develop genetic predictor variable set via neural-network autoencoding
2.2.2 Modify BART and GAM structures to incorporate genetic variables
2.2.3 Implement within-disease, all-disease, and partial-pooled disease model versions
2.2.4 Compare performance of genetic, pathogen-trait, and combined models
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Task 2.3 — Hybrid ML-mechanistic model development and testing

In the option year, the awardee shall develop the hybrid machine-learning mechanistic model,
compare its performance to a pure ML model, and determine the switch-over time when the
mechanistic model becomes more predictive in the course of the outbreak.

Subtasks

2.4.1 Establish quantitative and gqualitative metrics of model performance

2.4.2 Design mechanistic model structure

2.4.3 Determine mechanistic model prior forms

2.4.4 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.5Implement within-disease, all-disease, and partial-pooled disease model versions

2.4.6Measure variable contribution by re-fitting

2.4.7Analyze prediction-level variable contributions and model performance using criteria

developed in Task 1.3
2.4.8Compare Hybrid and ML performance along outbreak time-series progression
2.4 9lteratively update models to improve performance

Task 2.4 — Maintain and document project infrastructure
In the option year, the awardee shall document the methodology for extended database schema,
and data ingestion pipelines, QA/QC tests, extraction routes, and ML models established in Tasks
2.1-2.3.

Subtasks

2.4.1 Write and maintain initial codebase documentation

2.4.2 Perform code review, testing, and validation

OPTION TASK (OPTION II):

Task 3.1 — Develop Model Graphical User Interface
As an additional optional task, the awardee shall develop a graphical user interface (GUI) for the
ML model developed in task 1.3, allowing users to input of early-stage outbreak data and generate
predictions, uncertainty bounds, and interpretable explanations of influential variables.
Subtasks
3.1.1 Port model into portable framework usable for standalone or web-based interaction
3.1.2 Optimize for rapid response time and application size
3.1.3 Design input interface
3.1.4 Design visnalizations for predictions, uncertainty, and variable importance

Task 3.2 — Maintain and documcnt project infrastructure
In the option task, the awardee shall document usage of the GUI, and perform code review of
testing and validation of the GUI codebase created in tasks 3.1
Subtasks
3.2.1 Create GUI documentation
3.2.2 Perform code review, testing, and validation
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Deliverables
* Reports and Documents
e Monthly reports on task status
e Monthly cost statement
e Periodic program reviews (virtual and/or in person)
e Annual technical report, which shall include
» Executive Summary
* . Introduction/Background
II. Methodology
I1I. Findings
* IV. Discussion/Future Recommendations
+ V. Conclusion
* VI. Appendices
+ a. Snapshots of GUI/how to use
* b. Data worksheet (summarizing list of data sources used, metadata abstracted,
links, etc.)
¢ Source and executable software code
s Project databases
¢ Technical papers describing algorithm design and performance
s Conference presentations

Code Modules and Database Archives
Code and databases will be made available for download and provided electronically via DoD
SAFE and/or on-disk to DTRA at the end of the period of performance.

Note: The data and information collected in this effort is funded on the condition that it will not be
released to another nation or international organization without the specific anthority from the
Defense Threat Reduction Agency. Individual or corporate rights originating in the information,
whether patented or not, will be respected; that the recipient government will report promptly to
the Defense Threat Reduction Agency any known or suspected compromise and that the
information will be provided substantially the same degree of security afforded it by the
Department of Defense of the United States. No U.S. Government commitment to sell, lend,
lease, co-develop, or co-produce defense articles is implied or intended. Also, regardless of any
other markings on the document, it will not be downgraded or declassified without written
approval of the originating U.S. agency.
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Gantt Chart

Description | Y112z | Y1034 | Y2Q1-2 | Y3 Q34

Year 1, Milestone 1

1.1.1 Layout a provision project netwerk

1.1.2 Set up continious inlegration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

1.2.1 Design database schema

1.2.2 Write pipelines to ingesl data

1.2.3 Cross-link data sources via common ontclogy

1.2.4 Write quality assurancef/quality control {QA/QC) tests for data and perform data cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from lozation information

1.2.6 Update data from live sources and clean and maintain data continuously

1.3.1 Establish quantitative and qualitative metrics of model performance

1.3.2 Implement “practical naive™ model bazeline

1.3.3 Design model structure

1.3.4 Design alternative structurg

1.3.5 Implement within-disease, all-disease, and parial-pooled disease model varsions

1.3.6 Measure variable contribution by re-fitting

1.3.7 Analyze prediction-level variable contributions and model performance

1.3.8 lteratively update models to improve performance

1.4.1 Write and maintain initial codebase documantation

1.4.2 Perform code review, testing, and validation

Option Year 1 {Option I)

2.1.1 Extend database schema 1o include genetic data

2.1.2 Write pipelines to ingest genetic data

2.1.3 Cross-link data sgurces via common antelogies

2.1.4 Write QA/QC tests for data and perform data cleaning

2.1.5 Update data from live sources and clean and maintain data continuously

2.2.1 Develop genetic prediclor variable set via neural-network autcencoding
2.2.2 Modify BART and GAM structures to incorporate genetic variables

2.2 3 Implement within-disease, all-disease, and partial-pooled disease models

2.2.4 Compare performance of genetic, pathogen-trait, and combined models

2.4.1 Establish quantitative and qualitative metrics of model performance
2.4.2 Design meachanistic model structure

2.4 3 Determine mechanistic model prior forms

2.4.4 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.5 Implement within-disease, all-disease, and partial-pooled disease model versions
2.4.6 Measute variable contribulion by re-fitling
2.4 7 Analyze prediction-level variable contributions and model performance

2.4.8 Compare Hybrid and ML performance along cutbreak time-series progression

2.4.9 lteratively update models to improve performance
2.5.1 Write and maintain initial codebase documentalion

252 Perform code review, testing, and validation

Option Taak {Option lI}

3.1.1 Port model into portable framework usable for standalone or web-based interaction
3.1.2 Optimize for rapid response time and application size

3.1.3 Design input interface

3.1.4 Design visualizations for predictions, uncertainty, and variable importance
3.2.1 Create GU| documentation
3.2.2 Perdorm code review, testing, and validation
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. Travel
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. Equipment Description

List items and dollar amount for each item exceeding $5,000

Equipment item

Funds Requested {$)

Additional Equipment:

D

H Add Attachment H H ‘

Total funds requested for all equipment listed in the attached file | |

. Travel

Total Equipment ‘ ‘

Funds Requested {$)
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Domestic Travel Costs { Incl. Canada, Mexico and U.S. Possessions) ‘ 5, 226.0 n‘

Foreign Travel Costs

. Participant/Trainee Support Costs

Total Travel Cost ‘ 5, 986.0 U‘
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1
2.
3
4
5

Tuition/Fees/Health Insurance
Stipends
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Subsistence

Other |

I:l Number of Participants/Trainees

Tr

acking Number:GRANT13118386

Total Participant/Trainee Support Costs
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BUDGET JUSTIFICATION FOR ECOHEALTH ALLIANCE

EcoHealth Alliance requests a total of $4,975,681 over all-years of the proposed project to
support personnel, travel, equipment, consortium agreements, and applicable indirect costs.

A. Key Personncl

Noam Ross, Ph D., Principal Investigator (3.0 calendar months for all years). Dr. Ross will
oversee the project and be responsible for project management, research, development, design,
analysis, and manuscript writing and conference presentations, as well as communication with
DTRA. We request $25,000 in Y1 due to the high cost of living in New York City and a 5% cost
of living increase in OY L.

Emma Mendelsohn, M.8c¢, Research Scientist. (6.0 calendar months for all years). Ms.
Mendelsohn will lead data engineering and contribute expertise to algorithm development. She
will contribute to manuscript writing and conference presentations. We request $42,500 in Y1
with a 5% cost of living increase in OY'1

Robert Young M.Sc, Senior Research Software Engineer. (6.0 calendar months for all years).
Mr. Young will lead infrastructure engineering and contribute expertise to algorithm
development. He will contribute to manuscript writing and conference presentations. We request
$52,500 in Y1 with a 5% cost of living increase in OY 1.

Fringe Benefits

Fringe benefits are calculated as 36.80% of base salary p.a. with $44.160 requested in Y1
calculated from the base salary for all personnel. In OY 1, we budget for a 5% per year cost of
living allowance increase in all salaries.

B. Other Personnel
No funds are requested for other personnel.

C. Equipment
No funds are requested for equipment.

D. Travel
Per recommendations in the BAA, we request travel funds to Nationally Recognized
Conferences and the Annual Technical Review.

Domestic Travel

Domestic travel is requested for one trip per year from New York City per year to Northern
Virginia the Annual Technical Review. Transportation is estimated at S350 per trip along with
the government GSA per diem rates for Northern Virginia ($161 for accommodation and $71 for
meals and incidentals). Additional domestic travel support will facilitate two EcoHealth Alliance
team members presenting at one conference. In OY1, this will be the EEID conference held in
Bozeman, MT in 2022, with transportation costs of $500, $225 for accommodation and $55 for
meals and incidentals. For each trip, $25 per day is estimated in taxi costs and for those that



require transport to the airport $150 RT is included. In total, we are requesting $1,576 in Y1 and
$5,996 in OY| for domestic travel

International Travel

One international trip for two team members to present at the EEID conference held in
Montpelier, France, in 2021 requested for Y 1. Flights are estimated at $1500 and the federal per
diem rates of S196 for lodging and $155 for meals in Montpelier. S25 per day is estimated in taxi
costs plus $150 RT trips to airport is included. In total we are requesting $7,088 in Y1.

E. Participant/Traincc Support Costs
No funds are requested for participant or trainee support costs.

F. Other Direct Costs

Materials and Supplies

PI Ross and Research Scientist Mendelsohn will both need a new computer, equipped with
Microsoft software for which we request a total of $4,000, in only Y1.

Cloud Computing and Storage Services

We will make use of clond computer services including spot server rental for compute-intensive
Jobs, data storage, continuous integration and testing of computer code. We request $2,000 per
year in Y1-OY.

Team Communication and Collaboration Software and Services
We request $1,000 per year for subscriptions for software and services for document sharing,
chat, voice, and video communications.

Publication Costs
To facilitate the dissemination of project findings, $1,500 per year in only Y1-OY 1 is requested
for open access publication costs in international peer-reviewed journals.

H. Indirect Costs
We are requesting the EcoHealth Alliance federally approved indirect cost rate of 35.84% on all
applicable direct costs. The USA Department of Defense’s Department of the Navy has approved

this rate on 01 April 2020. We request S $64,986.52 in Y1 and $65,538.46 in OY 1.
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Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Phasc Il Technical Proposal
ABSTRACT

Accurately forecasting the impacts of novel biological agents in the early stages of their
emergence 1s critical to planning control measures for warfighters and civilians. However, at the
beginning of outbreaks, data about pathogen properties and dynamics are often scarce. Machine
learning (ML) techniques generally require large data sets, thus hampering their utility in these
contexts. Our proposed work addresses this challenge by using cross-disease prediction via
transfer learning utilizing data from previous emergence events to improve early-stage
predictions for future events. We will use partial-pooling to determine the degree to which
information can be shared across diseases according to hierarchical similarities in pathogen and
host properties, and in environmental and population conditions. We will also determine which
properties contribute most to predictive accuracy, providing guidance for prioritizing data-
collection in early outbreak stages. We will test and compare two approaches — pure ML
predictions and hybrid ML/mechanistic models — to determine which provides better predictions
of outbreak size and impacts. We will determine at what point in an outbreak current data
overtakes historical data as a better predictor of outbreak dynamics. Making vuse of data sets from
multiple host species as well as efficient model-validation techniques, we will expand the size of
available training data and thus models’ predictive capacity.

SCOPE

Objective

Our primary research objectives are to determine the efficacy of ML techniques in predicting
epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats both
intentional (e.g. novel genetically-modified pathogens) and natural (e.g. zoonotic). Specifically,

we will answer three questions that will enable rapid decision-making based on ML models of
epidemic impacts:

Q1: How much does partial-pooling improve predictions of epidemic impacts, and what
information transfers best across diseases?

Q2: What variables are most predictive of epidemic impacts at early stages of an outbreak?
Q3: At what point in epidemic growth do hybrid models that incorporate mechanistic

epidemiological components become more accurate than pure ML models?

This work will contribute to fundamental knowledge of properties and variables that contribute
most to predictive accuracy at early-stage stages in emerging outbreak prediction and
forecasting. It will enable the development of robust and deployable predictive models at early
stages of outbreaks, and support informed choices for data collection and mode] selection.

|
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Background

Situational awareness and risk assessment are critical at early stages of disease outbreaks, when
interventions can best mitigate adverse outcomes. Yet decision-makers often face a paucity of
data at these stages. Traditional modeling methods to forecast disease impact severity rely
heavily on prior knowledge or assumptions on mechanisms of disease spread progression, and
they frequently do not anticipate the actual mechanisms.!* They also take considerable time and
effort to develop.

Recent theory suggests disease dynamics are fundamentally predictable*, and machine learning
(ML) methods have demonstrated utility for some aspects of emerging disease science, €.g. to
predict the likelihood of disease emergence and zoonotic potential of various hosts and viruses®*,
and deep learning has been used to infer viral hosts from the comparatively richer data of genetic

sequences of viruses.”*

Machine learning (ML) refers to a group of methods, ranging from simple nearest-neighbor
approaches to function-approximation methods such as boosted trees and penalized splines, to
complex deep-learning neural networks. These methods are generally unstructured, flexible, and
offer greater predictive power over traditional statistical approaches. However, these methods
can also be data-intensive; a key challenge with ML methods development is that data are too
sparse, or signal/noise ratio too low, to effectively train algorithms. Surveillance data for even
existing, well-studied diseases 1s rarely rich enough for the data scale of many modern machine
learning or deep learning techniques. For instance, an ML approach to predict impacts from a
new outbreak of Ebola would have training data from to less than twenty previous events for
which there is comprehensive epidemiological data from 10 West and Central African nations

Transfer learning, or data fusion, provides a solution for using data from other domains to train
parts of models that are general, thus limiting new data requirements for more specific
components. Hierarchical modeling, or partial pooling, is a transfer learning approach for
partitioning out which data can be shared between models and which are only applicable to a
specific case. For instance, Ebola forecasts from countries outside of the virus' historic range
may be improved by calibrating against influenza outbreaks, which have occurred both within
and outside countries with Ebola outbreaks. The degree to which the disease outcomes are
correlated (e.g, similarity of modes of transmission) are learned, rather than assumed.

An alternative recent development in disease forecast is the development of hybrid models that
incorporate simple mechanistic structures and predictive ML methods to learn model parameters.
These approaches have demonstrated high predictive accuracy for near-term forecasting of
epidemic growth and impact, particularly during the COVID-19 pandemic’. However, these
approaches require adequate time-series of data to project forward from current conditions. Their
utility in early stages and long-term forecasting accuracy has vet to be determined. In opting to
apply these models, it is critical to understand these data requirements and at what point in an
outbreak hybrid approaches can overtake pure ML early-stage predictions in accuracy.
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We will develop algorithms to predict the dynamies and impacts of outbreaks of new
infectious diseases, bascd on data available at carly stages of outbreaks. In doing so, we will
answer the following key questions.

e How much does partial-pooling improve predictions of epidemic impacts, and what
information transters best across diseases?

e What variables are most predictive of epidemic impacts at early stages of an outbreak?

e At what point in epidemic growth do hybrid models that incorporate mechanistic
epidemiological components become more accurate than pure ML models?

Alearithmic Methods:

We will test the ability to ML methods incorporating partial pooling to predict impacts from a
new outbreak of disease. Our primary model structure will be built around Bayesian additive
regression trees (BARTS)!®. BARTSs provide three features appropriate for this application: First,
they can provide both high-quality predictions as well as robustness in relatively data-poor
scenarios. Secondly, they have explicit uncertainty structures is better able to characterize error
than other regression tree methods that do not. Thirdly, they are able to incorporate hierarchical
partial pooling. In some scenarios where data are smooth rather than categorical, generalized
additive models (GAMSs) can offer similar performance and similar features'!, and we will test
these as an alternate formulation.

We will parametrize the models using data on pathogen traits (disease symptoms, pathogen
traits, modes of transmission), pathogen sources (point of origin, geographic range of potential
natural hosts), environmental context (climatic conditions, ecosystem traits), and socioeconomic
context (local population densities, demographics, transportation networks, healthcare systems),
as well as time-series data of infections from the earliest phase of the outbreaks. Not all these
data are typically available at the early stages of a new bioagent ontbreak, and are in many cases
incomplete even in the case of historical outbreaks. Thus, we will use multiple imputation'? in all
models to allow for model fitting, prediction and assessment of uncertainty under incomplete
data.

We will explore multiple model structures, but all formulations will be fit and tested under three
conditions: within-disease forecasting where models are fit only on data from a single disease
and tested at ability to predict impacts from that disease, a/l-disease forecasting where models
are fit on data from a// diseases and tested against ability to predict each disease, and partial-
pooled where models are fit all models from all diseases but parameter sharing across diseases
are partially pooled. (See ‘Model Evaluation and Validation” below)

While ML approaches are best for predictive power, they do not have the flexibility to be used
for alternate scenarios or intervention evaluation that traditional compartmental models do. We
will compare "pure” ML algorithms to a hybrid approach nsing ML to generate parameters for
mechanistic epidemiological models. In this hybrid case, we will use the ML model to predict
prior parameters for compartmental epidemiological model using the same data as used in the

3
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pure ML model, excluding early time-series data. The model be structured to have high
flexibility under small number of parameters — 1.e. SIR-type model with variable contact
structure and latent/infectious periods. This model will then be fit to the time series data for the
outbreak under the constraint of these prior parameters. Using this approach (see figure), we will
determine whether the structural knowledge embedded in the epidemiological model improves
outbreak predictions or hinders them due to assumptions. As with the pure ML approach, we
will test the hybrid model approach under within-disease, all-disease, and partial-pooled
approaches.

Pathogen Data: Source Data: Environmental Socioeconomic Current
symptoms, point of origin, Data: climatic Data: transport, QOutbreak
transmission reservoir host conditions, health care Dynamic |
mode, genome, ... species, ... ecosystem, ... system ... Data
I l | '
Data from Hi hical Partial - —— -
previous rerar;ogﬁ?g artia —
outhreaks Y

Tree-based machine-learning algerithm (.-

Pure ML Hybrid ¥
Approach — Approach Outbreak Mechanistic ¢
h - hl Impact Pedictons: Epidemiological we-------
Al : \ :
Size, Duration Model .
Approaches . SN T ool

Figure: Schematic of machine-learning approaches. ML algorithm ingests bicthreat cendition data
and makes predictions based on training from previous outbreak data. In pure ML approach, current
outbreak dynamics are used as ML predictors of outbreak impacts. In hybrid approach, ML alganthm
predicts parameters of an epidemiolegical madel, which predicts impacts using parameters and
current outbreak dynamics.

Model variables will be analyzed at both model-wide and individual case level to determine their
contribution to performance. First, to evaluate model-wide predictive performance, we will re-fit
models successively dropping each predictor to determine which provide the greatest
improvement in performance. At the individual case level, we will calculate Shapley Additive
Explanation (SHAP) scores!® for all variables. This will allow for inspection of the role of
variables across major categories (pathogen type, continent), and determine how accuracy varies
across these contexts. Clusters of similar SHAP scores will also allow vs to identify clusters of
diseases or conditions that have similar behavior or performance accuracy. Such information
will ultimately support decision-making in selecting models or variables to select for prediction
based on the context of new outbreaks.

To measure the capacity of algorithms to predict new, emerging diseases, we will score using
structured cross-validation in which no disease outbreak prediction is based on an algorithm
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trained on the same pathogen. For example, for Ebola outbreak predictions, all previous Ebola
outbreaks will be held out from training data.

Model Evaluation and Validation

Models will be fit and tested against their ability predict (a) size of an outbreak (total number of
cases), (b) peak size of outbreak (number of cases at highest point), (¢) time to completion of an
outbreak, (d) time to peak of an outbreak, and (e) geographic spread of outbreak (distance to
farthest case from point of origin). Prediction scores will consist of mean-square-error of each of
these prediction against true values, as well as a score of equal-weighted errors of all five
measures. All models will also be tested for fidelity of uncertainty measures  the fraction of true
data values that fall within prediction confidence intervals and these metrics will be reported
along with predictive performance.

All model performance scores will be compared against meaningful, “practical naive” baselines.
While it is common practice to use a “null” or “zero-knowledge” baseline, this often amounts to
intlating the apparent power of the algorithm. We will opt for a more realistic, “practical naive”
baseline, which instead follows what an analyst would approximate in practice. For these
models, we will use a practical baseline model of expecting outbreaks to follow the average size
and timing of outbreaks of the same disease in the past 25 vears. All model scores will be
reported as percentage improvements over this baseline.

Algorithm performance will be measured against holdout data to validate true predictive
performance. Repeat testing on holdout data can lead to overfitting, with predictions too specific
to the hold-out set and not indicative of future performance.” Yet increasing holdout reduces the
availability of training data. Thus, we will use a differential privacy approach drawn from
information security to validate prediction results. The hold-out data will be obfuscated, and
validation performance will be measured against bootstrapped replicates of validation data,
essentially introducing noise to reduce overfitting against the hold-out. This will ensure accurate
estimates of predictive performance in an operational environment.'?

Data Sources

Data sources for fitting and testing models include output data of number, timing, and geography
of disease outbreaks, and predictor data include pathogen traits (disease symptoms, pathogen
traits, modes of transmission), pathogen sources (point of origin, geographic range of potential
natural hosts), environmental context (climatic conditions, ecosystem traits), and socioeconomic
context (local population densities, demographics, transportation networks, healthcare systems).
Gathering predictor data is often as large a factor in the time required to create first-pass
predictions at the early stage of an outbreak. Thus, we will create automated pipelines for
gathering, merging, and updating these data sets, and to extract key predictors from basic
location and host variables to minimize manual inputs required. For instance, by linking to high-
resolution geospatial databases, we will antomatically populate data for population density,
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ecosystem types, transport infrastructure that can be updated and refined with on-the-ground data
if available.

Disease outbreak impact data: We will draw a variety of sources to build a database of several
thousand of outbreak time-series to train our models. First, we will use time series from AIDO,
the most comprehensive such repository, with approximately 700 series across 40 diseases.
Recognizing that AIDO has limits and data gaps, we will supplement this with several other
sources including One Health disease datasets compiled and maintained by EHA:

e (COVID-19 Data: Data on cases, hospitalization, and deaths from COVID-19 are uniquely
available at national, sub-national and city scales for a broad swath of countries with varying
conditions and policy responses. While the COVID-19 pandemic is linked across countries,
in our hierarchical modeling framework we will to separate these out into multiple regional
outbreaks, shedding more light on the effects of environmental and socioeconomic factors
under a common host and pathogen.

o Multispecies datasets: We will supplement human disease outbreaks with data on veterinary
disease outbreaks. EHA maintains a database on veterinary disease outbreaks derived from
OIE and FAO data and supplemented by digitized archival reports (extending back to 1992),
with 2900 outbreak records across 122 diseases. This will more than quadruple the available
disease time series for training. Partial-pooling will ensure that only information in relevant
veterinary data sets will be applied to human outbreaks and vice versa. For instance, effects
of population density or health/veterinary capacity are expected to have partial correlation
across all diseases. In addition, this will allows the model to predict impacts from these
diseases, which has direct defense applications given the food supply, trade, and political
stability impacts of veterinary diseases

o Emerging Infections Disease Repository: EHA’s Emerging Infectious Disease Repository
(eidr.ecohealthalliance.org/)'* contains data on an additional 350 zoonotic disease emergence
outbreaks, giving additional insights in particular to new emergence events from zoonotic
sources. Full time-series are incomplete but outbreak size and duration are recorded, allowing
them to be integrated into our framework with multiple imputation.

Predictor variables: Disease dynamics depend on a complex interplay of pathogen, host, and
environmental conditions. We will use data on pathogens (traits, genomes), sources (reservoir
host traits, range, relatedness to humans), environmental context (climate, ecosystems traits), and
socioeconomic context (local population densities, transportation networks, healthcare systems)
as predictors for our models, as well as time-series data of infections from the earliest phase of
the outbreaks. As we expect all data will be available for neither our full training set nor in
common condition of new outbreaks, use multiple imputation'? in all models to allow for
prediction as well as uncertainty assessment under incomplete data.
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Pathogen Trait Data consists of information about pathogen taxa, transmission mode,
structural, and biological traits. Relevant traits for pathogens, and have been largely
aggregated for viruses by our Host-Pathogen Phylogeny Project’ and parallel projects for
bacterial pathogens'® and non-zoonotic human viruses'®,

Pathogen Genetic Data consist of genetic sequence of representative samples of
individual pathogen species. Representative sequences of nearly all relevant pathogens
are available via genetic repositories GenBank, ICTV, or GISAID. We expect pathogen
data at the scale of pathogen species to largely predict similar information as pathogen
traits, but genomic data may be faster to use in cases of rapid sequencing of novel
pathogens. We will test whether incorporating genetic data into mode] features via
neural-network autoencoders!” provides improved performance over separate
representation of pathogen traits (e.g., taxonomic classification, transmission mode), or
other representations of genetic data such as phylogeny. Whether this performance is
additive, or whether these two types of information are redundant. Even if redundant,
genetic data may improve predictive capacity in the case of new pathogens where
pathogen traits have not been fully delineated. Rich inputs from genetic data will be
integrated using neural-network encoders.

Source Data refers to intelligence about the origin of the disease, which includes location
and mode of origin (environmental, zoonotic host species, laboratory or accidental
release). In many cases source data is unknown, particularly in the early stages of a new
outbreak event. For zoonotic-origin diseases, the pool of known host species and their
geographic provide probabilistic information on the source. Our own Host-Pathogen
Phylogeny Project aggregates host traits for all known mammalian diseases hosts.”
Environmental Data refers to information describing the conditions in which the disease
may spread. These will include local climate variables from the BIOCLIM database,
land-use coverage (HYDE), and human and livestock population densities (World Bank,
FAO).

Sociveconomic Data these include economic activity, governance, medical and veterinary
capacity (World Bank, FAQO), and transportation network connectivity in the region of
disease spread.

Programmatics

All work will be undertaken by the project prime, EcoHealth Alliance (EHA). EHA has a
proven track record of project management with U.S. government agencies including USAID,

DTRA, DHS, NIH, and NSF, ranging from global epidemiological research and surveillance

programs to small-to-medium scale technology development.

Our management approach is to bring production-quality software development practices to data
science for research and development. We use agile development methodology, with weekly
development meetings, monthly project status reviews, and regular organization-wide review

seminars to gather feedback from our broader interdisciplinary expertise. All tasks in the
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statement of work will benefit from the significant experience of the project staff and in-kind
contribution from other EHA personnel with combined expertise in global emerging infectious
disease epidemiology, public health, veterinary medicine, machine learning, and biostatistics.
We also focus on deplovment-ready research infrastructure to minimize the need to re-engineer
models developed in the research process for applied use.

We engage multiple best practices to minimize project disruption risk. Personnel risk entails loss
of expertise and project or institutional knowledge due to loss of core project staff. EHA
maintains project data, documentation, and code in common cross-team repositories. Version-
controlled project repositories ensure that project histories are tracked, and all team members can
retrieve previous work by others. Through regular code review, we ensure all team members
have working knowledge of project modules and the ability to re-task. Infrastructure risk entails
loss of project infrastructure such a. EHA performs on-site high-performance computing cluster
or data storage. We keep code, data, results and documentation on-site only for active
experiments, and back up these to off-site cloud infrastructure. Our compute environment is
reproducible, being configured by pre-programmed, self-documenting methods such as
Dockerfiles, Ansible playbooks, and Bash scripts. It can be re-deployed to off-site cloud
resources or new hardware as needed.

Relevance

Our research will fundamentally improve infectious disease forecasting by identifying the
relative importance of early-stage factors in outbreak prediction. While pathogen-host-
environment linkages are fundamental in disease modeling, predictive methods developed to
assess emerging biothreats usvally focus on each individually. We will also advance knowledge
of hybrid ML/mechanistic models, which have not yet been nsed in applied disease forecasting.
Together this research will impact C-WMD science by providing practical gnidance for early-
stage data-gathering and prototyping an interactive decision support tool for biothreat impact
forecasting.

Credentials

EcoHealth Alliance (EHA) will implement this project, with Noam Ross, Principal Scientist for
Computational Research, as project lead. EHA s mission is focused on emerging diseases and
cutting-edge research into the critical connections between human, wildlife, and ecosystem
health that drive disease emergence and spread.

PI: Dr. Ross will direct he project. He is a computational disease ecologist who provides
expertise in dynamic epidemiological processes, machine learning and biostatistics, and high-
performance computing. He has led work in ecological and epidemiological modeling and data
management for EHA’s work on USAID PREDICT and NIH NIAID viral surveillance research.
He has experience developing livestock disease ontbreak and spread simulations in collaboration
with FAO as well as private industry. Dr. Ross is PI for EcoHealth's work with DHS on machine
learning for veterinary disease outbreaks. He also a leader in open-source scientific computing.

8
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He is a founding editorial board member of rOpenSci, an organization that defines standards for
reproducibility and runs peer review for scientific software, and is a core contributor to the
Rocker project, which provides open-source, standardized computing containers for data science.
Dr. Ross holds a Ph.ID. in computational ecology from the University of California-Davis.

Organization: EHA has a proven track record of large project management with U.S.
government agencies. We lead the largest global country portfolio, and serve as lead for
Modeling and Analytics and Behavioral Risk Analysis teams, for the USAID Emerging
Pandemic Threats PREDICT program, a $118 million program focused on predicting and
preventing pandemic diseases. The PREDICT project is building a global early warning system
to detect and reduce the impacts of emerging diseases that move between wildlife and people
(zoonotic diseases). EHA also leads multiple field epidemiological contracts funded by DTRA,
NIH, and NSF.

EHA has proven expertise in surveillance-oriented technology development. We managed a five-
year contract to develop applications for DTRA's Chemical Biological Integration Platform
(CBIP, formerly the Biosurveillance Ecosystem  BSVE), as well as the development of the
Inbound Bioevent Information System (IBIS), and Rapid Evaluation to Prevent Epidemics in
Livestock (REPEL) project under DHS’s Analytics for Prevention of Biothreat Incidents (APBI)
program and Science and Technology Directorate. Through this work, EHA scientists have
gained substantial expertise in both basic research and working with government project
managers and analysts to develop technologies that are in line with the goals of the funding. The
expertise resulting from this effort serves as the foundation for the current proposal.

Team: Robert Young, Senior Research Software Engineer, will lead project infrastructure
development and the creation ML pipelines. Mr. Young has a background in artificial
intelligence and bioinformatics. He has developed and managed laboratory information systems
in neuroscience, genomics and performed research in neural-network design for image-
recognition in astronomy. Mr. Young currently leads cyperinfrastructure work for EHA’s
veterinary disease forecasting under DHS as well as the DTRA-Funded Western Asia Bat
Research Network.

Emma Mendelsohn, M. Sc., Research Scientist 1s a data scientist with extensive expertise in
dynamic systems modeling, biostatistics, web application development and data engineering.
Emma is lead analyst for EHA’s work on antimicrobial resistance emergence work as well as
projects linking emerging infectious diseases with nutrition and non-communicable diseases.
Emma will lead data engineering and contribute expertise to algorithm development and
application design.

Peter Daszak, Ph.D., President of EcoHealth Alliance will provide oversight and act as project
advisor on infectious disease spread. Dr. Daszak 1s a leader in the field of emerging diseases and
disease ecology.
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Witliam Karesh, DVM, Senior Vice President of EcoHealth Alliance will serve as project advisor
on veterinary topics as well as liaise with data-providing organizations, such as OIE and
ProMED, as required. Dr. Karesh is President of the Working Group on Animal Health and
COVID-19 Task Forces for OIE, Co-Chair of the Wildlife Health Specialist Group of the [UCN.

Facilities: EcoHealth Alliance is a 48-year old scientific research NGO that specializes in
multidisciplinary research and surveillance of the spread of zoonotic emerging diseases.
EcoHealth Alliance is based in New York City with 10,000 ft° of office space. The scientific and
technology staff of 30 are supported by a core administrative staff of § people who are available
for work on this project and are funded through core funds.

EcoHealth Alliance 1s equipped with fiber optic Internet access and video conferencing facilities
to facilitate easy communication between collaborators. EcoHealth Alliance employees have
around the clock access to servers, VPNs, encryption software, and IT support. We use standard
office suite services including Google Apps (Hosted email and web-based collaboration
software), Microsoft Office, and Slack, running on Apple macOS, Ubuntu Linux, and Windows
Operating Systems. EHA teams work in multiple computer languages (Python, NodelS, and R
programming langunages), development frameworks (Agile, continuous integration), and
machine-learning toolboxes. Our development operations are based on reproducible,
containerized frameworks (Ansible, Docker). We perform high-performance computation across
our dedicated cluster of System76 multi-core serversand with NVIDIA deep-learning GPUs and
spot cloud somputs instances through Amazon Web Services EC2 and Microsoft Virtual
Machines, We use a variety of other clond services for storage (AWS S3, Azure Blob),
continuous integration (GitHub, Gitlab), and other tasks.

Work to be Performed

Tasks in Year. Task. Subtask format
YEAR 1:

Task 1.1 — Develop and deploy project infrastructure: Infrastructure engineering consists of
provisioning a best-in-class computational environment that enables continuous model
development and testing and allows for research and models to be reproduced and extended by
external teams. It includes continuous maintenance and documentation of project codebase.

Subtasks

1.1.1 Layout a provision project network

1.1.2 Set up continuous integration pipelines

1.1.3 Implement backup and data verification jobs
1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation
1.1.6 Perform code review, testing and validation
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Task 1.2 — Engincer Project Databasc: Data engineering consists of curating, integrating and
cross-linking and validating relevant data sets from various sources into a project database. This
allows data with different sources, space and time scales, formats, and completeness to be used
in common models establishes a database that can be used as a common resource.

Subtasks

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.3 Cross-link data sources via common ontologies

1.2.4 Write quality assurance/quality control (QA/QC) tests for data and perform data
cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from location
information

1.2.6 Update data from live sources and clean and maintain data continuously

Task 1.3 — ML Model Development and Testing: The core ML development task consists of
designing, implementing, testing, and analyzing performance of ML model structures and

iteratively improving them.

Subtasks

1.3.1 Implement “practical naive™ model baseline

1.3.2 Design Bayesian additive regression tree (BART) model structure

1.3.3 Design alternative generalized additive model (GAM) structure

1.3.4 Implement within-disease, all-disease, and partial-pooled disease model versions
1.3.5 Measure variable contribution by re-fitting

1.3.6 Analyze prediction-level variable contributions and model performance

1.3.7 Iteratively update models to improve performance

OPTION YEAR:

Task 2.1 — Devclop and deploy project infrastructure: In the option year we will continue to
perform maintenance and documentation of project codebase to ensure reproducibility and
reusability of additional components

Subtasks
2.1.1 Write and maintain codebase documentation
2.1.2 Perform code review, testing and validation

Task 2.2 — Engineer Project Database: [n the option year we will extend the database to
include additional predictors and continuously maintain and update to accumulate more data
from upstream sources.

Subtasks

2.2.1 Extend database schema to include genetic data and anto-encoded variables
2.2.2 Write pipelines to ingest genetic data

2.2.3 Cross-link data sources via common ontologies

2.2.4 Write QA/QC tests for data and perform data cleaning
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2.2.5 Update data from live sources and clean and maintain data continuously

Task 2.3 — BART Modcl Development and Testing: In the option year we will extend the
BART model to ingest genetic data and test the contribution of this data in enhancing or
recapitulating pathogen trait data.

Subtasks

2.3.1 Develop genetic predictor variable set via neural-network autoencoding

2.3.2 Modify BART and GAM structures to incorporate genetic variables

2.3.3 Implement within-disease, all-disease, and partial-pooled disease model versions

2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 2.4 — Hybrid ML-Mechanistic Model Development and Testing: In the option year will
develop the hybrid machine-learning mechanistic model, compare its performance to a pure ML
model and determine the switch-over time when the mechanistic model becomes more predictive

in the course of the outbreak.

Subtasks

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model prior forms

2.4.3 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.4 Implement within-disease, all-disease, and partial-pooled disease model versions
2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression
2.4.8 Iteratively update models to improve performance
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Performance Schedule

Description

Task 1: Develop and deploy project infrastructure

[v1Q1-2 [ v1 @34 |oval2|oyas4

1.1.1 Layout a provision project network

1.1.2 Set up continious integration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation

1.1.8 Code review, testing and validation

2.1.5 Write and maintain codebase docurmnentation

2.1.6 Perform code review, testing and validation

Task 2: Engineer Project Database

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.4 Cross-link data sources via common cntclogies

1.2.4 Write QA/QC tests for data and perform data cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors

1.2.6 Update data from live scurces and clean and maintain data continuously

2.2.1 BExtend database schema to include genetic data

2.2.2 Write pipelines to ingest genetic data

2.2.3 Cross-link data sources via common ontologies

2.2.4 Write QA/QC tests for data and perform data cleaning

2.2.5 Update data from live sources and clean and maintain data continuously

Task 3: ML Model Development and Testing
1.3.1 Implement "practical naive” model baseline

1.3.2 Design BART model structure

1.3.3 Design alternative GAM model structure

1.3.4 Implement within-disease, all-disease, and partial-pooled disease models versions

1.3.5 Measure variable contribution by re-fitting

1.3.6 Analyze prediction-level variable contributions and model performance

1.3.7 lteratively update models to improve performance

2.3.1 Develop genetic predictor variable set via neural-network autoencoding

2.3.2 Modify BART and GAM structures to incorperate genetic variables

2.3.3 Implement within-disease, all-disease, and partial-pooled disease models

2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 4: Hybrid Model Development and Testing

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model pricr forms

2.4.3 Modify ML model to predict mechanistic parameters

2.4.4 Implement within-disease, all-disease, and partial-pooled models

2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression

2.4.8 lteratively update models to improve performance

' Tl i
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Attachment 1 - Statement of Work (SOW)
Project Title: Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Document Date: May 28, 2020

Objective

The project’s objectives are to determine the efficacy of machine learning (ML) techniques in
predicting epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats,
both intentional (e.g. novel genetically-modified pathogens) and natural (e.g. zoonotic).
Specifically, we will answer three questions that will enable rapid decision-making based on ML
models of epidemic impacts:

Q1: How much does partial-pooling improve predictions of epidemic impacts, and what
information transfers best across diseases?

Q2: What variables are most predictive of epidemic impacts at early stages of an outbreak?
Q3: At what point in epidemic growth do hybrid models that incorporate mechanistic
epidemiological components become more accurate than pure ML models?

This work will contribute to fundamental knowledge of properties and variables that contribute
most to predictive accuracy at early-stage stages in emerging outbreak prediction and
forecasting. It will enable the development of robust and deployable predictive models at early
stages of outbreaks, and support informed choices for data collection and mode] selection.

Scope

The awardee proposes a two-year study to determine the efficacy of ML techniques in predicting
epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats. The
awardee team shall focus on the following major goals and milestones:

o Year I, Milestone I (6 months): Create and curate predictor database, project
infrastructure, continuous integration/validation, establish data-imputation and automatic
predictor workflow (Tasks 1.1-1.2).

o Year I, Milestone 2 (12 months): Bayesian additive regression tree (BART) model fitting
and tuning, determination of variable contribution to prediction accuracy (Task 1.3)

e Option Year, Milestone 3 (18 months): Maintain and document project infrastructure,
extend the database to include additional predictors, extend the BART model to ingest
genetic data (Tasks 2.1-2.3)

e Option Year, Milestone 4 (24 months): Construction of hybrid ML/mechanistic model
structure, comparative testing of pure and hybrid version, determination of timing when
current data overtakes transfer data (Task 2.4)

Background

Situational awareness and risk assessment are critical at early stages of disease outbreaks, when
interventions can best mitigate adverse outcomes. Yet decision-makers often face a paucity of
data at these stages. Traditional modeling methods to forecast disease impact severity rely
heavily on prior knowledge or assumptions about mechanisms of disease spread progression, and
they frequently do not anticipate the actual mechanisms.!* They also take considerable time and
effort to develop.
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Recent theory suggests disease dynamics are fundamentally predictable*, and ML methods have
been successfully applied in emerging disease science. ML refers to a group of methods, ranging
from simple nearest-neighbor approaches to function-approximation methods such as boosted
trees and penalized splines, to complex deep-learning neural networks. ML has been nsed to
predict the likelihood of disease emergence and the zoonotic potential of various hosts and
viruses™®, and deep-learning approaches have been used to infer viral hosts from the
comparatively richer data of genetic sequences of virnses,”®

ML methods are generally unstructured, flexible, and offer greater predictive power over
traditional statistical approaches. However, these methods are data-intensive, and a key
challenge with ML development is data paucity and/or a low signal-to-noise ratio. Surveillance
data for even existing, well-studied diseases is rarely rich enough for the data scale of many
modern ML techniques. For instance, a ML approach to predict impacts from a new outbreak of
Ebola would draw training data from fewer than twenty previous events, each with varying
levels of data coverage.

Transfer learning, or data fusion, provides a solution to data paucity issues by using data from
other domains to train parts of models that are general, thus limiting new data requirements for
more specific components. Hierarchical modeling, or partial pooling, is a transfer learning
approach for partitioning out which data can be shared between models and which are only
applicable to a specific case. For instance, Ebola forecasts for countries outside the historic
range of the disease may be improved by calibrating against Cholera outbreaks, which have
occurred both within and outside countries with Ebola outbreaks. The degree to which the
disease outcomes are correlated is learned, rather than assumed.

An alternative recent development in disease forecasting is the development of hybrid models
that incorporate simple mechanistic structures and predictive ML methods to learn model
parameters. These approaches have demonstrated high predictive accuracy for near-term
forecasting of epidemic growth and impact, particularly during the COVID-19 pandemic”.
However, these approaches require adequate time-series of data to project forward from current
conditions. Their utility in early stages and long-term forecasting accuracy has yet to be
determined. In opting to apply these models, it is critical to understand these data requirements
and at what point in an outbreak hybrid approaches can overtake pure ML early-stage predictions
in accuracy. This project seeks to develop, apply, and compare pure and hybrid-ML technigues
to enable the development of robust, rapidly usable predictions at early stages of outbreaks.

Kev references (additional references can be found in the Technical Proposal):

1 MacDiarmid, S. C. et al. Handbook On Import Risk Analysis for animals and animal
products: quantitative risk assessment. Vol. 2 (Office International des Epizooties, 2004).

2 Moura, J. A., McManus, C. M., Bernal, F. E. M. & de Melo, C. B. An analysis of the
1978 African swine fever outbreak in Brazil and its eradication. Rev. Sci. Tech. 29, 549-
563, doi: 10.20506/1st.29.3.1992 (2010).

3 Delgado, J. ¢t af. U.K. Foot and Mouth Disease: A Systemic Risk Assessment of Existing
Controls. Risk Anal. 37, 1768-1782, doi:10.1111/risa. 12704 (2017).
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4 Scarpino, S. V. & Petri, G. On the predictability of infections disease outbreaks. Nat.
Commun. 10, 898, doi:10.1038/s41467-019-08616-0 (2019).

5 Olival, K. I. e ai. Host and viral traits predict zoonotic spillover from mammals. Nature,
doi:10.1038/nature22975 (2017).

6 Allen, T. ef af. Global hotspots and correlates of emerging zoonotic diseases. Nat.

Commun. 8, 1124, doi:10.1038/s41467-017-00923-8 (2017).

7 Mock, F., Viehweger, A., Barth, E. & Marz, M. VIDHOP, viral host prediction with
Deep Learning. Bioinformatics (2019).

8 Babayan, S. A., Orton, R. J. & Streicker, D. G. Predicting reservoir hosts and arthropod
vectors from evolutionary signatures in RNA virus genomes. Science 362, 577-580,
doi:10.1126/science.aap9(72 (2018).

9 Gu, Y. COVID-19 Projections Using Machine Learning, <https://covid19-
projections.com/about/#historical-performance> (2020).

Data Sources

Fitting and testing models will draw from disease outbreak data (counts, timing, and geography)
and predictor data including pathogen traits (disease symptoms, pathogen traits, modes of
transmission), pathogen sources (point of origin, geographic range of potential natural hosts),
environmental context (climatic conditions, ecosystem traits), and socioeconomic context (local
population densities, demographics, transportation networks, healthcare systems). Please see the
Technical Proposal for available data sources.

Tasks/Scientific Goals (Format: Year. Task.Subtask)
YEAR 1
Task 1.1 — Develop and deploy project infrastructure
The awardee shall develop a computational environment that enables continuous model
development and testing and allows for research and models to be reproduced and extended by
external teams. The computational environment will include continuous maintenance and
documentation of project codebase.

Subtasks

1.1.1 Layout a provision project network

1.1.2 Set up continuous integration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation

1.1.6 Perform code review, testing and validation

Task 1.2 — Engineer project database
The awardee shall curate, integrate, cross-link, and validate relevant datasets from various
sources into a project database, accounting for differing space and time scales, data formats, and
data completeness.

Subtasks

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.3 Cross-link data sources via common ontologies

fad
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1.2.4 Write quality assurance/quality control (QA/QC) tests for data and perform data
cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from location
information

1.2.6 Update data from live sources and clean and maintain data continuously

Task 1.3 — Machine Learning (ML) model development and testing
The awardee shall design, implement, test, and analyze performance of ML model structures and
iteratively improvw them.
Subtasks
1.3.1 Implement “practical naive™ model baseline
1.3.2 Design Bayesian additive regression tree (BART) model structure
1.3.3 Design alternative generalized additive model (GAM) structure
1.3.4 Implement within-disease, all-disease, and partial-pooled disease model versions
1.3.5 Measure variable contribution by re-fitting
1.3.6 Analyze prediction-level variable contributions and model performance
1.3.7 Iteratively update models to improve performance

OPTION YEAR:
Task 2.1 — Maintain and document project infrastructure
In the option year, the awardee shall continue to perform maintenance and documentation of
project codebase to ensure reproducibility and reusability of additional components
Subtasks
2.1.1 Write and maintain codebase documentation
2.1.2 Perform code review, testing and validation

Task 2.2 — Extend project database
In the option year, the awardee shall extend the database to include additional predictors and
continuously maintain and update to accumulate more data from upstream sources.
Subtasks
2.2.1 Extend database schema to include genetic data and auto-encoded variables
2.2.2 Write pipelines to ingest genetic data
2.2.3 Cross-link data sources via common ontologies
2.2.4 Write QA/QC tests for data and perform data cleaning
2.2.5 Update data from live sources and clean and maintain data continuously

Task 2.3 — Extend BART medecl
In the option year, the awardee shall extend the BART model to ingest genetic data and test the
contribution of this data in enhancing or recapitulating pathogen trait data.
Subtasks
2.3.1 Develop genetic predictor variable set via neural-network autoencoding
2.3.2 Modify BART and GAM structures to incorporate genetic variables
2.3.3 Implement within-disease, all-disease, and partial-pooled disease model versions
2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 2.4 — Hybrid ML-mechanistic model development and testing
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In the option year, the awardee shall develop the hybrid machine-learning mechanistic model,
compare its performance to a pure ML model, and determine the switch-over time when the
mechanistic model becomes more predictive in the course of the outbreak.

Subtasks

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model prior forms

2.4.3 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.4 Implement within-disease, all-disease, and partial-pooled disease model versions

2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression

2.4.8 Iteratively update models to improve performance

Deliverables

Reports and Documents
e Monthly reports on task status
e Technical papers describing algorithm design and performance
¢ (onference presentations

Code Modules and Database Archives

All code modules and documentation will be continvally available on EcoHealth Alliance’s
GitHub page with access provided to DTRA. Databases will be made available for download and
provided on-disk to DTRA per request.
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Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Phasc Il Technical Proposal
ABSTRACT

Accurately forecasting the impacts of novel biological agents in the early stages of their
emergence 1s critical to planning control measures for warfighters and civilians. However, at the
beginning of outbreaks, data about pathogen properties and dynamics are often scarce. Machine
learning (ML) techniques generally require large data sets, thus hampering their utility in these
contexts. Our proposed work addresses this challenge by using cross-disease prediction via
transfer learning utilizing data from previous emergence events to improve early-stage
predictions for future events. We will use partial-pooling to determine the degree to which
information can be shared across diseases according to hierarchical similarities in pathogen and
host properties, and in environmental and population conditions. We will also determine which
properties contribute most to predictive accuracy, providing guidance for prioritizing data-
collection in early outbreak stages. We will test and compare two approaches — pure ML
predictions and hybrid ML/mechanistic models — to determine which provides better predictions
of outbreak size and impacts. We will determine at what point in an outbreak current data
overtakes historical data as a better predictor of outbreak dynamics. Making vuse of data sets from
multiple host species as well as efficient model-validation techniques, we will expand the size of
available training data and thus models’ predictive capacity.

SCOPE

Objective

Our primary research objectives are to determine the efficacy of ML techniques in predicting
epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats both
intentional (e.g. novel genetically-modified pathogens) and natural (e.g. zoonotic). Specifically,

we will answer three questions that will enable rapid decision-making based on ML models of
epidemic impacts:

Q1: How much does partial-pooling improve predictions of epidemic impacts, and what
information transfers best across diseases?

Q2: What variables are most predictive of epidemic impacts at early stages of an outbreak?
Q3: At what point in epidemic growth do hybrid models that incorporate mechanistic

epidemiological components become more accurate than pure ML models?

This work will contribute to fundamental knowledge of properties and variables that contribute
most to predictive accuracy at early-stage stages in emerging outbreak prediction and
forecasting. It will enable the development of robust and deployable predictive models at early
stages of outbreaks, and support informed choices for data collection and mode] selection.

|
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Background

Situational awareness and risk assessment are critical at early stages of disease outbreaks, when
interventions can best mitigate adverse outcomes. Yet decision-makers often face a paucity of
data at these stages. Traditional modeling methods to forecast disease impact severity rely
heavily on prior knowledge or assumptions on mechanisms of disease spread progression, and
they frequently do not anticipate the actual mechanisms.!* They also take considerable time and
effort to develop.

Recent theory suggests disease dynamics are fundamentally predictable*, and machine learning
(ML) methods have demonstrated utility for some aspects of emerging disease science, €.g. to
predict the likelihood of disease emergence and zoonotic potential of various hosts and viruses®*,
and deep learning has been used to infer viral hosts from the comparatively richer data of genetic

sequences of viruses.”*

Machine learning (ML) refers to a group of methods, ranging from simple nearest-neighbor
approaches to function-approximation methods such as boosted trees and penalized splines, to
complex deep-learning neural networks. These methods are generally unstructured, flexible, and
offer greater predictive power over traditional statistical approaches. However, these methods
can also be data-intensive; a key challenge with ML methods development is that data are too
sparse, or signal/noise ratio too low, to effectively train algorithms. Surveillance data for even
existing, well-studied diseases 1s rarely rich enough for the data scale of many modern machine
learning or deep learning techniques. For instance, an ML approach to predict impacts from a
new outbreak of Ebola would have training data from to less than twenty previous events for
which there is comprehensive epidemiological data from 10 West and Central African nations

Transfer learning, or data fusion, provides a solution for using data from other domains to train
parts of models that are general, thus limiting new data requirements for more specific
components. Hierarchical modeling, or partial pooling, is a transfer learning approach for
partitioning out which data can be shared between models and which are only applicable to a
specific case. For instance, Ebola forecasts from countries outside of the virus' historic range
may be improved by calibrating against influenza outbreaks, which have occurred both within
and outside countries with Ebola outbreaks. The degree to which the disease outcomes are
correlated (e.g, similarity of modes of transmission) are learned, rather than assumed.

An alternative recent development in disease forecast is the development of hybrid models that
incorporate simple mechanistic structures and predictive ML methods to learn model parameters.
These approaches have demonstrated high predictive accuracy for near-term forecasting of
epidemic growth and impact, particularly during the COVID-19 pandemic’. However, these
approaches require adequate time-series of data to project forward from current conditions. Their
utility in early stages and long-term forecasting accuracy has vet to be determined. In opting to
apply these models, it is critical to understand these data requirements and at what point in an
outbreak hybrid approaches can overtake pure ML early-stage predictions in accuracy.
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We will develop algorithms to predict the dynamies and impacts of outbreaks of new
infectious diseases, bascd on data available at carly stages of outbreaks. In doing so, we will
answer the following key questions.

e How much does partial-pooling improve predictions of epidemic impacts, and what
information transters best across diseases?

e What variables are most predictive of epidemic impacts at early stages of an outbreak?

e At what point in epidemic growth do hybrid models that incorporate mechanistic
epidemiological components become more accurate than pure ML models?

Alearithmic Methods:

We will test the ability to ML methods incorporating partial pooling to predict impacts from a
new outbreak of disease. Our primary model structure will be built around Bayesian additive
regression trees (BARTS)!®. BARTSs provide three features appropriate for this application: First,
they can provide both high-quality predictions as well as robustness in relatively data-poor
scenarios. Secondly, they have explicit uncertainty structures is better able to characterize error
than other regression tree methods that do not. Thirdly, they are able to incorporate hierarchical
partial pooling. In some scenarios where data are smooth rather than categorical, generalized
additive models (GAMSs) can offer similar performance and similar features'!, and we will test
these as an alternate formulation.

We will parametrize the models using data on pathogen traits (disease symptoms, pathogen
traits, modes of transmission), pathogen sources (point of origin, geographic range of potential
natural hosts), environmental context (climatic conditions, ecosystem traits), and socioeconomic
context (local population densities, demographics, transportation networks, healthcare systems),
as well as time-series data of infections from the earliest phase of the outbreaks. Not all these
data are typically available at the early stages of a new bioagent ontbreak, and are in many cases
incomplete even in the case of historical outbreaks. Thus, we will use multiple imputation'? in all
models to allow for model fitting, prediction and assessment of uncertainty under incomplete
data.

We will explore multiple model structures, but all formulations will be fit and tested under three
conditions: within-disease forecasting where models are fit only on data from a single disease
and tested at ability to predict impacts from that disease, a/l-disease forecasting where models
are fit on data from a// diseases and tested against ability to predict each disease, and partial-
pooled where models are fit all models from all diseases but parameter sharing across diseases
are partially pooled. (See ‘Model Evaluation and Validation” below)

While ML approaches are best for predictive power, they do not have the flexibility to be used
for alternate scenarios or intervention evaluation that traditional compartmental models do. We
will compare "pure” ML algorithms to a hybrid approach nsing ML to generate parameters for
mechanistic epidemiological models. In this hybrid case, we will use the ML model to predict
prior parameters for compartmental epidemiological model using the same data as used in the

3
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pure ML model, excluding early time-series data. The model be structured to have high
flexibility under small number of parameters — 1.e. SIR-type model with variable contact
structure and latent/infectious periods. This model will then be fit to the time series data for the
outbreak under the constraint of these prior parameters. Using this approach (see figure), we will
determine whether the structural knowledge embedded in the epidemiological model improves
outbreak predictions or hinders them due to assumptions. As with the pure ML approach, we
will test the hybrid model approach under within-disease, all-disease, and partial-pooled
approaches.

Pathogen Data: Source Data: Environmental Socioeconomic Current
symptoms, point of origin, Data: climatic Data: transport, QOutbreak
transmission reservoir host conditions, health care Dynamic |
mode, genome, ... species, ... ecosystem, ... system ... Data
I l | '
Data from Hi hical Partial - —— -
previous rerar;ogﬁ?g artia —
outhreaks Y

Tree-based machine-learning algerithm (.-

Pure ML Hybrid ¥
Approach — Approach Outbreak Mechanistic ¢
h - hl Impact Pedictons: Epidemiological we-------
Al : \ :
Size, Duration Model .
Approaches . SN T ool

Figure: Schematic of machine-learning approaches. ML algorithm ingests bicthreat cendition data
and makes predictions based on training from previous outbreak data. In pure ML approach, current
outbreak dynamics are used as ML predictors of outbreak impacts. In hybrid approach, ML alganthm
predicts parameters of an epidemiolegical madel, which predicts impacts using parameters and
current outbreak dynamics.

Model variables will be analyzed at both model-wide and individual case level to determine their
contribution to performance. First, to evaluate model-wide predictive performance, we will re-fit
models successively dropping each predictor to determine which provide the greatest
improvement in performance. At the individual case level, we will calculate Shapley Additive
Explanation (SHAP) scores!® for all variables. This will allow for inspection of the role of
variables across major categories (pathogen type, continent), and determine how accuracy varies
across these contexts. Clusters of similar SHAP scores will also allow vs to identify clusters of
diseases or conditions that have similar behavior or performance accuracy. Such information
will ultimately support decision-making in selecting models or variables to select for prediction
based on the context of new outbreaks.

To measure the capacity of algorithms to predict new, emerging diseases, we will score using
structured cross-validation in which no disease outbreak prediction is based on an algorithm
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trained on the same pathogen. For example, for Ebola outbreak predictions, all previous Ebola
outbreaks will be held out from training data.

Model Evaluation and Validation

Models will be fit and tested against their ability predict (a) size of an outbreak (total number of
cases), (b) peak size of outbreak (number of cases at highest point), (¢) time to completion of an
outbreak, (d) time to peak of an outbreak, and (e) geographic spread of outbreak (distance to
farthest case from point of origin). Prediction scores will consist of mean-square-error of each of
these prediction against true values, as well as a score of equal-weighted errors of all five
measures. All models will also be tested for fidelity of uncertainty measures  the fraction of true
data values that fall within prediction confidence intervals and these metrics will be reported
along with predictive performance.

All model performance scores will be compared against meaningful, “practical naive” baselines.
While it is common practice to use a “null” or “zero-knowledge” baseline, this often amounts to
intlating the apparent power of the algorithm. We will opt for a more realistic, “practical naive”
baseline, which instead follows what an analyst would approximate in practice. For these
models, we will use a practical baseline model of expecting outbreaks to follow the average size
and timing of outbreaks of the same disease in the past 25 vears. All model scores will be
reported as percentage improvements over this baseline.

Algorithm performance will be measured against holdout data to validate true predictive
performance. Repeat testing on holdout data can lead to overfitting, with predictions too specific
to the hold-out set and not indicative of future performance.” Yet increasing holdout reduces the
availability of training data. Thus, we will use a differential privacy approach drawn from
information security to validate prediction results. The hold-out data will be obfuscated, and
validation performance will be measured against bootstrapped replicates of validation data,
essentially introducing noise to reduce overfitting against the hold-out. This will ensure accurate
estimates of predictive performance in an operational environment.'?

Data Sources

Data sources for fitting and testing models include output data of number, timing, and geography
of disease outbreaks, and predictor data include pathogen traits (disease symptoms, pathogen
traits, modes of transmission), pathogen sources (point of origin, geographic range of potential
natural hosts), environmental context (climatic conditions, ecosystem traits), and socioeconomic
context (local population densities, demographics, transportation networks, healthcare systems).
Gathering predictor data is often as large a factor in the time required to create first-pass
predictions at the early stage of an outbreak. Thus, we will create automated pipelines for
gathering, merging, and updating these data sets, and to extract key predictors from basic
location and host variables to minimize manual inputs required. For instance, by linking to high-
resolution geospatial databases, we will antomatically populate data for population density,
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ecosystem types, transport infrastructure that can be updated and refined with on-the-ground data
if available.

Disease outbreak impact data: We will draw a variety of sources to build a database of several
thousand of outbreak time-series to train our models. First, we will use time series from AIDO,
the most comprehensive such repository, with approximately 700 series across 40 diseases.
Recognizing that AIDO has limits and data gaps, we will supplement this with several other
sources including One Health disease datasets compiled and maintained by EHA:

e (COVID-19 Data: Data on cases, hospitalization, and deaths from COVID-19 are uniquely
available at national, sub-national and city scales for a broad swath of countries with varying
conditions and policy responses. While the COVID-19 pandemic is linked across countries,
in our hierarchical modeling framework we will to separate these out into multiple regional
outbreaks, shedding more light on the effects of environmental and socioeconomic factors
under a common host and pathogen.

o Multispecies datasets: We will supplement human disease outbreaks with data on veterinary
disease outbreaks. EHA maintains a database on veterinary disease outbreaks derived from
OIE and FAO data and supplemented by digitized archival reports (extending back to 1992),
with 2900 outbreak records across 122 diseases. This will more than quadruple the available
disease time series for training. Partial-pooling will ensure that only information in relevant
veterinary data sets will be applied to human outbreaks and vice versa. For instance, effects
of population density or health/veterinary capacity are expected to have partial correlation
across all diseases. In addition, this will allows the model to predict impacts from these
diseases, which has direct defense applications given the food supply, trade, and political
stability impacts of veterinary diseases

o Emerging Infections Disease Repository: EHA’s Emerging Infectious Disease Repository
(eidr.ecohealthalliance.org/)'* contains data on an additional 350 zoonotic disease emergence
outbreaks, giving additional insights in particular to new emergence events from zoonotic
sources. Full time-series are incomplete but outbreak size and duration are recorded, allowing
them to be integrated into our framework with multiple imputation.

Predictor variables: Disease dynamics depend on a complex interplay of pathogen, host, and
environmental conditions. We will use data on pathogens (traits, genomes), sources (reservoir
host traits, range, relatedness to humans), environmental context (climate, ecosystems traits), and
socioeconomic context (local population densities, transportation networks, healthcare systems)
as predictors for our models, as well as time-series data of infections from the earliest phase of
the outbreaks. As we expect all data will be available for neither our full training set nor in
common condition of new outbreaks, use multiple imputation'? in all models to allow for
prediction as well as uncertainty assessment under incomplete data.
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Pathogen Trait Data consists of information about pathogen taxa, transmission mode,
structural, and biological traits. Relevant traits for pathogens, and have been largely
aggregated for viruses by our Host-Pathogen Phylogeny Project’ and parallel projects for
bacterial pathogens'® and non-zoonotic human viruses'®,

Pathogen Genetic Data consist of genetic sequence of representative samples of
individual pathogen species. Representative sequences of nearly all relevant pathogens
are available via genetic repositories GenBank, ICTV, or GISAID. We expect pathogen
data at the scale of pathogen species to largely predict similar information as pathogen
traits, but genomic data may be faster to use in cases of rapid sequencing of novel
pathogens. We will test whether incorporating genetic data into mode] features via
neural-network autoencoders!” provides improved performance over separate
representation of pathogen traits (e.g., taxonomic classification, transmission mode), or
other representations of genetic data such as phylogeny. Whether this performance is
additive, or whether these two types of information are redundant. Even if redundant,
genetic data may improve predictive capacity in the case of new pathogens where
pathogen traits have not been fully delineated. Rich inputs from genetic data will be
integrated using neural-network encoders.

Source Data refers to intelligence about the origin of the disease, which includes location
and mode of origin (environmental, zoonotic host species, laboratory or accidental
release). In many cases source data is unknown, particularly in the early stages of a new
outbreak event. For zoonotic-origin diseases, the pool of known host species and their
geographic provide probabilistic information on the source. Our own Host-Pathogen
Phylogeny Project aggregates host traits for all known mammalian diseases hosts.”
Environmental Data refers to information describing the conditions in which the disease
may spread. These will include local climate variables from the BIOCLIM database,
land-use coverage (HYDE), and human and livestock population densities (World Bank,
FAO).

Sociveconomic Data these include economic activity, governance, medical and veterinary
capacity (World Bank, FAQO), and transportation network connectivity in the region of
disease spread.

Programmatics

All work will be undertaken by the project prime, EcoHealth Alliance (EHA). EHA has a
proven track record of project management with U.S. government agencies including USAID,

DTRA, DHS, NIH, and NSF, ranging from global epidemiological research and surveillance

programs to small-to-medium scale technology development.

Our management approach is to bring production-quality software development practices to data
science for research and development. We use agile development methodology, with weekly
development meetings, monthly project status reviews, and regular organization-wide review

seminars to gather feedback from our broader interdisciplinary expertise. All tasks in the
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statement of work will benefit from the significant experience of the project staff and in-kind
contribution from other EHA personnel with combined expertise in global emerging infectious
disease epidemiology, public health, veterinary medicine, machine learning, and biostatistics.
We also focus on deplovment-ready research infrastructure to minimize the need to re-engineer
models developed in the research process for applied use.

We engage multiple best practices to minimize project disruption risk. Personnel risk entails loss
of expertise and project or institutional knowledge due to loss of core project staff. EHA
maintains project data, documentation, and code in common cross-team repositories. Version-
controlled project repositories ensure that project histories are tracked, and all team members can
retrieve previous work by others. Through regular code review, we ensure all team members
have working knowledge of project modules and the ability to re-task. Infrastructure risk entails
loss of project infrastructure such a. EHA performs on-site high-performance computing cluster
or data storage. We keep code, data, results and documentation on-site only for active
experiments, and back up these to off-site cloud infrastructure. Our compute environment is
reproducible, being configured by pre-programmed, self-documenting methods such as
Dockerfiles, Ansible playbooks, and Bash scripts. It can be re-deployed to off-site cloud
resources or new hardware as needed.

Relevance

Our research will fundamentally improve infectious disease forecasting by identifying the
relative importance of early-stage factors in outbreak prediction. While pathogen-host-
environment linkages are fundamental in disease modeling, predictive methods developed to
assess emerging biothreats usvally focus on each individually. We will also advance knowledge
of hybrid ML/mechanistic models, which have not yet been nsed in applied disease forecasting.
Together this research will impact C-WMD science by providing practical gnidance for early-
stage data-gathering and prototyping an interactive decision support tool for biothreat impact
forecasting.

Credentials

EcoHealth Alliance (EHA) will implement this project, with Noam Ross, Principal Scientist for
Computational Research, as project lead. EHA s mission is focused on emerging diseases and
cutting-edge research into the critical connections between human, wildlife, and ecosystem
health that drive disease emergence and spread.

PI: Dr. Ross will direct he project. He is a computational disease ecologist who provides
expertise in dynamic epidemiological processes, machine learning and biostatistics, and high-
performance computing. He has led work in ecological and epidemiological modeling and data
management for EHA’s work on USAID PREDICT and NIH NIAID viral surveillance research.
He has experience developing livestock disease ontbreak and spread simulations in collaboration
with FAO as well as private industry. Dr. Ross is PI for EcoHealth's work with DHS on machine
learning for veterinary disease outbreaks. He also a leader in open-source scientific computing.
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He is a founding editorial board member of rOpenSci, an organization that defines standards for
reproducibility and runs peer review for scientific software, and is a core contributor to the
Rocker project, which provides open-source, standardized computing containers for data science.
Dr. Ross holds a Ph.ID. in computational ecology from the University of California-Davis.

Organization: EHA has a proven track record of large project management with U.S.
government agencies. We lead the largest global country portfolio, and serve as lead for
Modeling and Analytics and Behavioral Risk Analysis teams, for the USAID Emerging
Pandemic Threats PREDICT program, a $118 million program focused on predicting and
preventing pandemic diseases. The PREDICT project is building a global early warning system
to detect and reduce the impacts of emerging diseases that move between wildlife and people
(zoonotic diseases). EHA also leads multiple field epidemiological contracts funded by DTRA,
NIH, and NSF.

EHA has proven expertise in surveillance-oriented technology development. We managed a five-
year contract to develop applications for DTRA's Chemical Biological Integration Platform
(CBIP, formerly the Biosurveillance Ecosystem  BSVE), as well as the development of the
Inbound Bioevent Information System (IBIS), and Rapid Evaluation to Prevent Epidemics in
Livestock (REPEL) project under DHS’s Analytics for Prevention of Biothreat Incidents (APBI)
program and Science and Technology Directorate. Through this work, EHA scientists have
gained substantial expertise in both basic research and working with government project
managers and analysts to develop technologies that are in line with the goals of the funding. The
expertise resulting from this effort serves as the foundation for the current proposal.

Team: Robert Young, Senior Research Software Engineer, will lead project infrastructure
development and the creation ML pipelines. Mr. Young has a background in artificial
intelligence and bioinformatics. He has developed and managed laboratory information systems
in neuroscience, genomics and performed research in neural-network design for image-
recognition in astronomy. Mr. Young currently leads cyperinfrastructure work for EHA’s
veterinary disease forecasting under DHS as well as the DTRA-Funded Western Asia Bat
Research Network.

Emma Mendelsohn, M. Sc., Research Scientist 1s a data scientist with extensive expertise in
dynamic systems modeling, biostatistics, web application development and data engineering.
Emma is lead analyst for EHA’s work on antimicrobial resistance emergence work as well as
projects linking emerging infectious diseases with nutrition and non-communicable diseases.
Emma will lead data engineering and contribute expertise to algorithm development and
application design.

Peter Daszak, Ph.D., President of EcoHealth Alliance will provide oversight and act as project
advisor on infectious disease spread. Dr. Daszak 1s a leader in the field of emerging diseases and
disease ecology.
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Witliam Karesh, DVM, Senior Vice President of EcoHealth Alliance will serve as project advisor
on veterinary topics as well as liaise with data-providing organizations, such as OIE and
ProMED, as required. Dr. Karesh is President of the Working Group on Animal Health and
COVID-19 Task Forces for OIE, Co-Chair of the Wildlife Health Specialist Group of the [UCN.

Facilities: EcoHealth Alliance is a 48-year old scientific research NGO that specializes in
multidisciplinary research and surveillance of the spread of zoonotic emerging diseases.
EcoHealth Alliance is based in New York City with 10,000 ft° of office space. The scientific and
technology staff of 30 are supported by a core administrative staff of § people who are available
for work on this project and are funded through core funds.

EcoHealth Alliance 1s equipped with fiber optic Internet access and video conferencing facilities
to facilitate easy communication between collaborators. EcoHealth Alliance employees have
around the clock access to servers, VPNs, encryption software, and IT support. We use standard
office suite services including Google Apps (Hosted email and web-based collaboration
software), Microsoft Office, and Slack, running on Apple macOS, Ubuntu Linux, and Windows
Operating Systems. EHA teams work in multiple computer languages (Python, NodelS, and R
programming langunages), development frameworks (Agile, continuous integration), and
machine-learning toolboxes. Our development operations are based on reproducible,
containerized frameworks (Ansible, Docker). We perform high-performance computation across
our dedicated cluster of System76 multi-core serversand with NVIDIA deep-learning GPUs and
spot cloud somputs instances through Amazon Web Services EC2 and Microsoft Virtual
Machines, We use a variety of other clond services for storage (AWS S3, Azure Blob),
continuous integration (GitHub, Gitlab), and other tasks.

Work to be Performed

Tasks in Year. Task. Subtask format
YEAR 1:

Task 1.1 — Develop and deploy project infrastructure: Infrastructure engineering consists of
provisioning a best-in-class computational environment that enables continuous model
development and testing and allows for research and models to be reproduced and extended by
external teams. It includes continuous maintenance and documentation of project codebase.

Subtasks

1.1.1 Layout a provision project network

1.1.2 Set up continuous integration pipelines

1.1.3 Implement backup and data verification jobs
1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation
1.1.6 Perform code review, testing and validation
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Task 1.2 — Engincer Project Databasc: Data engineering consists of curating, integrating and
cross-linking and validating relevant data sets from various sources into a project database. This
allows data with different sources, space and time scales, formats, and completeness to be used
in common models establishes a database that can be used as a common resource.

Subtasks

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.3 Cross-link data sources via common ontologies

1.2.4 Write quality assurance/quality control (QA/QC) tests for data and perform data
cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from location
information

1.2.6 Update data from live sources and clean and maintain data continuously

Task 1.3 — ML Model Development and Testing: The core ML development task consists of
designing, implementing, testing, and analyzing performance of ML model structures and

iteratively improving them.

Subtasks

1.3.1 Implement “practical naive™ model baseline

1.3.2 Design Bayesian additive regression tree (BART) model structure

1.3.3 Design alternative generalized additive model (GAM) structure

1.3.4 Implement within-disease, all-disease, and partial-pooled disease model versions
1.3.5 Measure variable contribution by re-fitting

1.3.6 Analyze prediction-level variable contributions and model performance

1.3.7 Iteratively update models to improve performance

OPTION YEAR:

Task 2.1 — Devclop and deploy project infrastructure: In the option year we will continue to
perform maintenance and documentation of project codebase to ensure reproducibility and
reusability of additional components

Subtasks
2.1.1 Write and maintain codebase documentation
2.1.2 Perform code review, testing and validation

Task 2.2 — Engineer Project Database: [n the option year we will extend the database to
include additional predictors and continuously maintain and update to accumulate more data
from upstream sources.

Subtasks

2.2.1 Extend database schema to include genetic data and anto-encoded variables
2.2.2 Write pipelines to ingest genetic data

2.2.3 Cross-link data sources via common ontologies

2.2.4 Write QA/QC tests for data and perform data cleaning
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2.2.5 Update data from live sources and clean and maintain data continuously

Task 2.3 — BART Modcl Development and Testing: In the option year we will extend the
BART model to ingest genetic data and test the contribution of this data in enhancing or
recapitulating pathogen trait data.

Subtasks

2.3.1 Develop genetic predictor variable set via neural-network autoencoding

2.3.2 Modify BART and GAM structures to incorporate genetic variables

2.3.3 Implement within-disease, all-disease, and partial-pooled disease model versions

2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 2.4 — Hybrid ML-Mechanistic Model Development and Testing: In the option year will
develop the hybrid machine-learning mechanistic model, compare its performance to a pure ML
model and determine the switch-over time when the mechanistic model becomes more predictive

in the course of the outbreak.

Subtasks

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model prior forms

2.4.3 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.4 Implement within-disease, all-disease, and partial-pooled disease model versions
2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression
2.4.8 Iteratively update models to improve performance
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Performance Schedule

Description

Task 1: Develop and deploy project infrastructure

[v1Q1-2 [ v1 @34 |oval2|oyas4

1.1.1 Layout a provision project network

1.1.2 Set up continious integration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation

1.1.8 Code review, testing and validation

2.1.5 Write and maintain codebase docurmnentation

2.1.6 Perform code review, testing and validation

Task 2: Engineer Project Database

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.4 Cross-link data sources via common cntclogies

1.2.4 Write QA/QC tests for data and perform data cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors

1.2.6 Update data from live scurces and clean and maintain data continuously

2.2.1 BExtend database schema to include genetic data

2.2.2 Write pipelines to ingest genetic data

2.2.3 Cross-link data sources via common ontologies

2.2.4 Write QA/QC tests for data and perform data cleaning

2.2.5 Update data from live sources and clean and maintain data continuously

Task 3: ML Model Development and Testing
1.3.1 Implement "practical naive” model baseline

1.3.2 Design BART model structure

1.3.3 Design alternative GAM model structure

1.3.4 Implement within-disease, all-disease, and partial-pooled disease models versions

1.3.5 Measure variable contribution by re-fitting

1.3.6 Analyze prediction-level variable contributions and model performance

1.3.7 lteratively update models to improve performance

2.3.1 Develop genetic predictor variable set via neural-network autoencoding

2.3.2 Modify BART and GAM structures to incorperate genetic variables

2.3.3 Implement within-disease, all-disease, and partial-pooled disease models

2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 4: Hybrid Model Development and Testing

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model pricr forms

2.4.3 Modify ML model to predict mechanistic parameters

2.4.4 Implement within-disease, all-disease, and partial-pooled models

2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression

2.4.8 lteratively update models to improve performance

' Tl i
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BUDGET JUSTIFICATION FOR ECOHEALTH ALLIANCE

EcoHealth Alliance requests a total of $4,975,681 over all-years of the proposed project to
support personnel, travel, equipment, consortium agreements, and applicable indirect costs.

A. Key Personncl

Noam Ross, Ph D., Principal Investigator (3.0 calendar months for all years). Dr. Ross will
oversee the project and be responsible for project management, research, development, design,
analysis, and manuscript writing and conference presentations, as well as communication with
DTRA. We request $25,000 in Y1 due to the high cost of living in New York City and a 5% cost
of living increase in OY L.

Emma Mendelsohn, M.8c¢, Research Scientist. (6.0 calendar months for all years). Ms.
Mendelsohn will lead data engineering and contribute expertise to algorithm development. She
will contribute to manuscript writing and conference presentations. We request $42,500 in Y1
with a 5% cost of living increase in OY'1

Robert Young M.Sc, Senior Research Software Engineer. (6.0 calendar months for all years).
Mr. Young will lead infrastructure engineering and contribute expertise to algorithm
development. He will contribute to manuscript writing and conference presentations. We request
$52,500 in Y1 with a 5% cost of living increase in OY 1.

Fringe Benefits

Fringe benefits are calculated as 36.80% of base salary p.a. with $44.160 requested in Y1
calculated from the base salary for all personnel. In OY 1, we budget for a 5% per year cost of
living allowance increase in all salaries.

B. Other Personnel
No funds are requested for other personnel.

C. Equipment
No funds are requested for equipment.

D. Travel
Per recommendations in the BAA, we request travel funds to Nationally Recognized
Conferences and the Annual Technical Review.

Domestic Travel

Domestic travel is requested for one trip per year from New York City per year to Northern
Virginia the Annual Technical Review. Transportation is estimated at S350 per trip along with
the government GSA per diem rates for Northern Virginia ($161 for accommodation and $71 for
meals and incidentals). Additional domestic travel support will facilitate two EcoHealth Alliance
team members presenting at one conference. In OY1, this will be the EEID conference held in
Bozeman, MT in 2022, with transportation costs of $500, $225 for accommodation and $55 for
meals and incidentals. For each trip, $25 per day is estimated in taxi costs and for those that



require transport to the airport $150 RT is included. In total, we are requesting $1,576 in Y1 and
$5,996 in OY| for domestic travel

International Travel

One international trip for two team members to present at the EEID conference held in
Montpelier, France, in 2021 requested for Y 1. Flights are estimated at $1500 and the federal per
diem rates of S196 for lodging and $155 for meals in Montpelier. S25 per day is estimated in taxi
costs plus $150 RT trips to airport is included. In total we are requesting $7,088 in Y1.

E. Participant/Traincc Support Costs
No funds are requested for participant or trainee support costs.

F. Other Direct Costs

Materials and Supplies

PI Ross and Research Scientist Mendelsohn will both need a new computer, equipped with
Microsoft software for which we request a total of $4,000, in only Y1.

Cloud Computing and Storage Services

We will make use of clond computer services including spot server rental for compute-intensive
Jobs, data storage, continuous integration and testing of computer code. We request $2,000 per
year in Y1-OY.

Team Communication and Collaboration Software and Services
We request $1,000 per year for subscriptions for software and services for document sharing,
chat, voice, and video communications.

Publication Costs
To facilitate the dissemination of project findings, $1,500 per year in only Y1-OY 1 is requested
for open access publication costs in international peer-reviewed journals.

H. Indirect Costs
We are requesting the EcoHealth Alliance federally approved indirect cost rate of 35.84% on all
applicable direct costs. The USA Department of Defense’s Department of the Navy has approved

this rate on 01 April 2020. We request S $64,986.52 in Y1 and $65,538.46 in OY 1.



Objective: Test new ML approaches - transfer learning by

partial pooling, and hybrid mechanistic-ML models, for

predicting impacts of novel biothreats at early, data-sparse

stage of outbreak.

Method:

- Quantify gain in prediction by training models to learn
information across diseases (partial pooling)

- Assess variables most predictive of epidemic impacts at
early stages outbreak.

- Quantify gain in power from using model to predict
parameters of mechanistic compartmental model.

- Determine point in epidemic growth where hybrid models
become more accurate than pure ML models.

Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Dr. Noam Ross, EcoHealth Alliance, HDTRA1-14-24c-FRCWMD-BAA

Data from Pathogen, Source, Current _

i i Qutbreak Hybrid
previous Environmental & Durbres s | Hvbnd. . :
outbreaks Socioeconomic Data yData Approach i

Hierarchical Partial
Pocling :

Tree/Spline ML Algorithm .. .F/2rid___,

! ;
' Mechanistic i
---1 Epidemiological +e-----

| Model :

_______________

Benefits of Technology: Disease forecasts in early stages

of outbreaks, especially novel outbreaks, require strong

assumptions in highly structured models. Hierarchical partial

pooling learns what factors from previous outbreaks may be

transferred to apply to new predictions, improving early-stage

assessments of severity and risk.

Challenges:

- Missing data in early-stage outbreak conditions =» Learn
most important variables to prioritize data collection

- ML models non-interpretable and poor at extrapolation =»
Use hybrid approach with ML parameterizing structured
mechanistic model capable of simulating scenarios

Readiness: TRL1

Milestones:

- Y1Q2: Engineer project database & test infrastructure

- Y1Q4: Build, fit, and compare ML model structures to

- 0Y1Q2: Extend models to incorporate genetic data

- OY1Q4: Compare pure ML models to ML-mechanistic hybrids

Funding Profile:
$246,211 Year 1, $248,402 Option Year

Contact information:
Noam Ross, Senior Research Scientist,
ross@ecohealthalliance.org, 1.212.380.4471




Predicting Biothreat Impacts fromn Early-Stage Data via Transfer Learning
PI: Noan Ross
Thrust Area 7, J5-A: Machine Learning for Infectious Biological Agent Forecasting

Attachment 1 - Statement of Work (SOW)
Project Title: Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Document Date: May 28, 2020

Objective

The project’s objectives are to determine the efficacy of machine learning (ML) techniques in
predicting epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats,
both intentional (e.g. novel genetically-modified pathogens) and natural (e.g. zoonotic).
Specifically, we will answer three questions that will enable rapid decision-making based on ML
models of epidemic impacts:

Q1: How much does partial-pooling improve predictions of epidemic impacts, and what
information transfers best across diseases?

Q2: What variables are most predictive of epidemic impacts at early stages of an outbreak?
Q3: At what point in epidemic growth do hybrid models that incorporate mechanistic
epidemiological components become more accurate than pure ML models?

This work will contribute to fundamental knowledge of properties and variables that contribute
most to predictive accuracy at early-stage stages in emerging outbreak prediction and
forecasting. It will enable the development of robust and deployable predictive models at early
stages of outbreaks, and support informed choices for data collection and mode] selection.

Scope

The awardee proposes a two-year study to determine the efficacy of ML techniques in predicting
epidemic impacts in early-stage, data-sparse conditions, particularly novel biothreats. The
awardee team shall focus on the following major goals and milestones:

o Year I, Milestone I (6 months): Create and curate predictor database, project
infrastructure, continuous integration/validation, establish data-imputation and automatic
predictor workflow (Tasks 1.1-1.2).

o Year I, Milestone 2 (12 months): Bayesian additive regression tree (BART) model fitting
and tuning, determination of variable contribution to prediction accuracy (Task 1.3)

e Option Year, Milestone 3 (18 months): Maintain and document project infrastructure,
extend the database to include additional predictors, extend the BART model to ingest
genetic data (Tasks 2.1-2.3)

e Option Year, Milestone 4 (24 months): Construction of hybrid ML/mechanistic model
structure, comparative testing of pure and hybrid version, determination of timing when
current data overtakes transfer data (Task 2.4)

Background

Situational awareness and risk assessment are critical at early stages of disease outbreaks, when
interventions can best mitigate adverse outcomes. Yet decision-makers often face a paucity of
data at these stages. Traditional modeling methods to forecast disease impact severity rely
heavily on prior knowledge or assumptions about mechanisms of disease spread progression, and
they frequently do not anticipate the actual mechanisms.!* They also take considerable time and
effort to develop.
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Recent theory suggests disease dynamics are fundamentally predictable*, and ML methods have
been successfully applied in emerging disease science. ML refers to a group of methods, ranging
from simple nearest-neighbor approaches to function-approximation methods such as boosted
trees and penalized splines, to complex deep-learning neural networks. ML has been nsed to
predict the likelihood of disease emergence and the zoonotic potential of various hosts and
viruses™®, and deep-learning approaches have been used to infer viral hosts from the
comparatively richer data of genetic sequences of virnses,”®

ML methods are generally unstructured, flexible, and offer greater predictive power over
traditional statistical approaches. However, these methods are data-intensive, and a key
challenge with ML development is data paucity and/or a low signal-to-noise ratio. Surveillance
data for even existing, well-studied diseases is rarely rich enough for the data scale of many
modern ML techniques. For instance, a ML approach to predict impacts from a new outbreak of
Ebola would draw training data from fewer than twenty previous events, each with varying
levels of data coverage.

Transfer learning, or data fusion, provides a solution to data paucity issues by using data from
other domains to train parts of models that are general, thus limiting new data requirements for
more specific components. Hierarchical modeling, or partial pooling, is a transfer learning
approach for partitioning out which data can be shared between models and which are only
applicable to a specific case. For instance, Ebola forecasts for countries outside the historic
range of the disease may be improved by calibrating against Cholera outbreaks, which have
occurred both within and outside countries with Ebola outbreaks. The degree to which the
disease outcomes are correlated is learned, rather than assumed.

An alternative recent development in disease forecasting is the development of hybrid models
that incorporate simple mechanistic structures and predictive ML methods to learn model
parameters. These approaches have demonstrated high predictive accuracy for near-term
forecasting of epidemic growth and impact, particularly during the COVID-19 pandemic”.
However, these approaches require adequate time-series of data to project forward from current
conditions. Their utility in early stages and long-term forecasting accuracy has yet to be
determined. In opting to apply these models, it is critical to understand these data requirements
and at what point in an outbreak hybrid approaches can overtake pure ML early-stage predictions
in accuracy. This project seeks to develop, apply, and compare pure and hybrid-ML technigues
to enable the development of robust, rapidly usable predictions at early stages of outbreaks.

Kev references (additional references can be found in the Technical Proposal):

1 MacDiarmid, S. C. et al. Handbook On Import Risk Analysis for animals and animal
products: quantitative risk assessment. Vol. 2 (Office International des Epizooties, 2004).

2 Moura, J. A., McManus, C. M., Bernal, F. E. M. & de Melo, C. B. An analysis of the
1978 African swine fever outbreak in Brazil and its eradication. Rev. Sci. Tech. 29, 549-
563, doi: 10.20506/1st.29.3.1992 (2010).

3 Delgado, J. ¢t af. U.K. Foot and Mouth Disease: A Systemic Risk Assessment of Existing
Controls. Risk Anal. 37, 1768-1782, doi:10.1111/risa. 12704 (2017).
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4 Scarpino, S. V. & Petri, G. On the predictability of infections disease outbreaks. Nat.
Commun. 10, 898, doi:10.1038/s41467-019-08616-0 (2019).

5 Olival, K. I. e ai. Host and viral traits predict zoonotic spillover from mammals. Nature,
doi:10.1038/nature22975 (2017).

6 Allen, T. ef af. Global hotspots and correlates of emerging zoonotic diseases. Nat.

Commun. 8, 1124, doi:10.1038/s41467-017-00923-8 (2017).

7 Mock, F., Viehweger, A., Barth, E. & Marz, M. VIDHOP, viral host prediction with
Deep Learning. Bioinformatics (2019).

8 Babayan, S. A., Orton, R. J. & Streicker, D. G. Predicting reservoir hosts and arthropod
vectors from evolutionary signatures in RNA virus genomes. Science 362, 577-580,
doi:10.1126/science.aap9(72 (2018).

9 Gu, Y. COVID-19 Projections Using Machine Learning, <https://covid19-
projections.com/about/#historical-performance> (2020).

Data Sources

Fitting and testing models will draw from disease outbreak data (counts, timing, and geography)
and predictor data including pathogen traits (disease symptoms, pathogen traits, modes of
transmission), pathogen sources (point of origin, geographic range of potential natural hosts),
environmental context (climatic conditions, ecosystem traits), and socioeconomic context (local
population densities, demographics, transportation networks, healthcare systems). Please see the
Technical Proposal for available data sources.

Tasks/Scientific Goals (Format: Year. Task.Subtask)
YEAR 1
Task 1.1 — Develop and deploy project infrastructure
The awardee shall develop a computational environment that enables continuous model
development and testing and allows for research and models to be reproduced and extended by
external teams. The computational environment will include continuous maintenance and
documentation of project codebase.

Subtasks

1.1.1 Layout a provision project network

1.1.2 Set up continuous integration pipelines

1.1.3 Implement backup and data verification jobs

1.1.4 Implement differential privacy testing

1.1.5 Write and maintain codebase documentation

1.1.6 Perform code review, testing and validation

Task 1.2 — Engineer project database
The awardee shall curate, integrate, cross-link, and validate relevant datasets from various
sources into a project database, accounting for differing space and time scales, data formats, and
data completeness.

Subtasks

1.2.1 Design database schema

1.2.1 Write pipelines to ingest time-series data

1.2.2 Write pipelines to ingest predictor data

1.2.3 Cross-link data sources via common ontologies

fad
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1.2.4 Write quality assurance/quality control (QA/QC) tests for data and perform data
cleaning

1.2.5 Create automatic extraction routines to populate relevant predictors from location
information

1.2.6 Update data from live sources and clean and maintain data continuously

Task 1.3 — Machine Learning (ML) model development and testing
The awardee shall design, implement, test, and analyze performance of ML model structures and
iteratively improvw them.
Subtasks
1.3.1 Implement “practical naive™ model baseline
1.3.2 Design Bayesian additive regression tree (BART) model structure
1.3.3 Design alternative generalized additive model (GAM) structure
1.3.4 Implement within-disease, all-disease, and partial-pooled disease model versions
1.3.5 Measure variable contribution by re-fitting
1.3.6 Analyze prediction-level variable contributions and model performance
1.3.7 Iteratively update models to improve performance

OPTION YEAR:
Task 2.1 — Maintain and document project infrastructure
In the option year, the awardee shall continue to perform maintenance and documentation of
project codebase to ensure reproducibility and reusability of additional components
Subtasks
2.1.1 Write and maintain codebase documentation
2.1.2 Perform code review, testing and validation

Task 2.2 — Extend project database
In the option year, the awardee shall extend the database to include additional predictors and
continuously maintain and update to accumulate more data from upstream sources.
Subtasks
2.2.1 Extend database schema to include genetic data and auto-encoded variables
2.2.2 Write pipelines to ingest genetic data
2.2.3 Cross-link data sources via common ontologies
2.2.4 Write QA/QC tests for data and perform data cleaning
2.2.5 Update data from live sources and clean and maintain data continuously

Task 2.3 — Extend BART medecl
In the option year, the awardee shall extend the BART model to ingest genetic data and test the
contribution of this data in enhancing or recapitulating pathogen trait data.
Subtasks
2.3.1 Develop genetic predictor variable set via neural-network autoencoding
2.3.2 Modify BART and GAM structures to incorporate genetic variables
2.3.3 Implement within-disease, all-disease, and partial-pooled disease model versions
2.3.4 Compare performance of genetic, pathogen-trait, and combined models

Task 2.4 — Hybrid ML-mechanistic model development and testing
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In the option year, the awardee shall develop the hybrid machine-learning mechanistic model,
compare its performance to a pure ML model, and determine the switch-over time when the
mechanistic model becomes more predictive in the course of the outbreak.

Subtasks

2.4.1 Design mechanistic model structure

2.4.2 Determine mechanistic model prior forms

2.4.3 Modify ML model to predict mechanistic parameters rather than outcomes

2.4.4 Implement within-disease, all-disease, and partial-pooled disease model versions

2.4.5 Measure variable contribution by re-fitting

2.4.6 Analyze prediction-level variable contributions and model performance

2.4.7 Compare Hybrid and ML performance along outbreak time-series progression

2.4.8 Iteratively update models to improve performance

Deliverables

Reports and Documents
e Monthly reports on task status
e Technical papers describing algorithm design and performance
¢ (onference presentations

Code Modules and Database Archives

All code modules and documentation will be continvally available on EcoHealth Alliance’s
GitHub page with access provided to DTRA. Databases will be made available for download and
provided on-disk to DTRA per request.
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This publicly releasable abstract is provided to DTRA for use in fulfillment of Section 8123 of the
Defense Appropriations Act and future versions of the same.

Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning

Project Summary

Accurately forecasting the impacts of new disease outbreaks is key to decision-making and
planning. However, at the early stage of outbreaks, little data is available to to make predictions.
Modern “Big Data” machine learning (ML) techniques generally require large data sets, reducing
their usability in these situations. Our proposed work addresses this challenge by using models
that can learn how much data from previous events is useful for making predictions about current
conditions. We will use this approach to understand what aspects of diseases, their hosts, or
environments can be used for prediction and how much they can contribute to making accurate
forecasts.
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Noam Ross
EcoHealth Alliance, 460 W 34" St, New York, NY 10001
E-mail: ross@zccohcalthalliance.org

Profcssional Preparation

Brown University Environmental Science B.S. 2006
University of California-Davis Ecology Ph.D. 2015
Appointments

Principal Scientist, Computational Research, EcoHealth Alliance 2020 - present
Senior Research Scientist Ecologist, EcoHealth Alliance 2016 - 2019
Disease Ecologist, EcoHealth Alliance 2015 -2016
Graduate Researcher, University of California-Davis 2010 - 2015
Senior Analyst, Environmental Strategy and Markets, GreenOrder 2007 - 2009
Analyst, Environmental Strategy and Markets, GreenOrder 2006 - 2007
Contract Researcher: Energy Efficient Products Initiative, Wal-Mart 2006
Publications

Albery, G.F., Eskew, E.A., Ross, N. et al. Predicting the global mammalian viral sharing
network using phylogeography. Nature Communications 11, 2260 (2020).

Carlson CJ, Albery GF, Merow C, Trisos CH, Zipfel CM, Eskew EA, Ross Net al. Climate
change will drive novel cross-species viral transmission. bioRxiv, Cold Spring Harbor
Laboratory; (2020)

Eskew EA, White AM, Ross N, Smith KM, Smith KF, Rodriguez JP, et al. United States wildlife
and wildlife product imports from 2000 2014. Scientific Data 16;7(1).

Li, H., Mendelsohn, E., Zong, C., Zhang, W., Hagan, E., Wang, N., ... Ross N., ... Daszak, P.
(2019). Human-animal interactions and bat coronavirus spillover potential among rural
residents in Southern China. Biosafety and Health, 1(2), 84 90.

Ross, N., Eskew, E., & Ray, N. (2(19). citesdb: An R package to support analysis of CITES
Trade Database shipment-level data. Journal of Open Source Software, 4(37), 1483,

Pedersen, E. J., Miller, D. L., Simpson, G. L., & Ross, N. (2019). Hierarchical generalized
additive models in ecology: an introduction with mgcv. Peerld, 7, ¢6876.

Carlson CJ, Kracalik I, Ross N, Alexander K, Hugh-Jones ME, Fegan M, Elkin B, Epp T, Shury
T, Bagirova M, Getz WM, Blackburn JK. (2019). The global distribution of Bacillus
anthracis and associated anthrax risk to humans, livestock, and wildlife. Nature
Microbiology. 4(8):1337-1343 a

Rostal MK, Ross N, Machalaba C, Cordel C, Paweska JT, Karesh WB. (2018) Benefits of a One
Health approach: An example using Rift Valley fever. One Health 5:34-36.

Olival KJ, Hosseini P, Zambrana-Torrelio C, Ross N, Bogich T, Daszak P. (2017) Host and viral
traits predict zoonotic spillover from mammals. Nature 546:646 650.

Salerno J, Ross N, Ghai R, Mahero M, Travis DA, Gillespie TR, Hartter J. (2017) Self-reported
fever associated with human-wildlife interactions across park landscapes in western Uganda.
EcoHcalth 14(4):675-6590.

Schreiber S, Ross N. (2016) Individual-based integral projection models: The role of size-
structure on extinction risk and establishment success. Methods in Ecology and Evolution
7(7):867-74.

Boettiger C, Ross N, Hastings A. (2013) Early warning signals: The charted and uncharted
territories. Theoretical Ecology 6(3):255-64.
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Investigator: Noam Ross
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Expanding Software Peer Review

Source of Support: Sloan Foundation
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Location of Project: EcoHealth Alliance, subcontract from UC Berekeley {prime)

Person-Months Per Year Committed to the Cal: 3 Acad: Sumr:
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Robert J. Young
520 Eighth Avenue, Ste. 1201, New York, NY 10018
E-mail: young(@ecohealthalliance.org

Professional Preparation

University of Minnesota Computer Science BS 1999
University of New Mexico Computer Science MS 2007
Appointments

Senior Research Software Engineer, EcoHealth Alliance, New York, NY 2020 - present
Bioinformatics Programmer, Institute for Genomic Medicine, CUMC 2016 - 2020
Computer Analyst, Laboratory for Computational Vision, HHMI 2007 - 2016
Research Assistant, CTI-II/NESSI Project, University of New Mexico 2005 - 2007
Research Assistant, University of New Mexico 2004 - 2005
Bioinformatics Specialist, Visual Neuroscience Laboratory, HHMI 2000 - 2002

Publications and Presentations

Healy, M.J., Olinger, R. D., Young, R.J., Taylor, S.E., Caudell, T., Larson, K.W., (2009) Applying
Category Theory to Improve the Performance of a Neural Architecture, Neurocomputing,
72(13-15):3158-3173.

Young, R.J., Ritthaler, M., Zimmer, P., McGraw, J., Healy, M.J., Caudell, T.P., (2007) Comparison
of Adaptive Resonance Theory Neural Networks for Astronomical Region of Interest Detection
and Noise Characterization, International Joint Confterence on Neural Networks, 2123-2128.

Young, R.J., Ritthaler, M., Healy, M., Caudell, T.P., Zimmer, P. and McGraw, J. (2006) Adaptive
Resonance Theory Neural Networks for Astronomical Region of Interest Detection and Noise
Characterization, Astronomical Data Analysis Software and Systems (ADASS) XVI, ASP
Confcrence Series, Vol. XXX, Phoenix, AZ (Poster).

Ritthaler, M., Luger, G. F., Young, R., McGraw, J. and Zimmer, . (2006) Bayesian Belief
Networks for Astronomical Object Recognition and Classitication in CTI-II, Astronomical Data
Analysis Software and Systems XVI, ASP Conference Series, Vol XXX, Phoenix, AZ

(Poster).

Young, R.J. & Williams, L.R., Psychophysical Demonstration of (An)isotropy in [llusory
Surface Computation, Second Annual CS UNM Student Conference (CSUSC 2006),
Albuquerque, NM (Poster).

Healy, M.J., Olinger, R., Young, R.J., Candell, T.P., and Larson, K., (2005) Modification of the
ART-1 Architecture Based on Category Theoretic Design Principles, Special Session in the
INNS/IEEE International Joint Conference on Neural Networks, 457-462,

Young, R.J. & Williams, L.R., (2005) Psychophysical Measurement of Illusory Contour Shape,
First Annual CS UNM Student Confercnce (CSUSC 2005), Albuquerque, NM (Poster).



Peter Daszak
EcoHealth Alliance, 520 Eighth Avenue, Suite 1201, New York, NY 10018, USA
E-mail: daszak{@ecohealthalliance.org

Protessional Preparation

Bangor University, UK Zoology BS 1986

Univ. of East London, UK Infectious Diseases PhD 1993
Appointments

President & Chief Scientist, EcoHealth Alliance New York 2009- present
Executive Director, Consortium for Conservation Medicine 2001- 2009
Faculty Research Scientist, University of Georgia 1999- 2001
Guest Researcher, Centers for Disease Control and Prevention (CDC) 1999

Faculty Research Scientist, Kingston University, UK 1993- 1998
Research Assistant, University of East London, UK 1989- 1992
Publications

Nikolay B, Salje H, Hossain MJ, Khan AKMD, Sazzad HMS, Rahman M, Daszak P, Stréher U,
Pulliam JRC, Kilpatrick AM, Nichol 8T, Klena JD, Sultana 8, Afroj S, Luby SP, Cauchemez S
& Gurley ES. (2019). Transmission of Nipah Virus - 14 Years of Investigations in Bangladesh.
New Engl J Med 380:1804-1814

Carroll D, Daszak P*, Wolfe ND, Gao GF, Morel C, Morzaria S, Pablos-Méndez A, Tomori O,
Mazet JAK (2018). The global virome project. Science 359: 872-874

Zhou P, Fan H, Lan T, Yang X-L, Shi W-F, Zhang W, Zhu Y, Zhang Y-W, Xie Q-M, Mani §,
Zheng X-S, L1 B, Li J-M, Guo H, Pe1 G-Q, An X-P, Chen J-W, Zhou L, Mai K-J, Wu Z-X, Li
D, Anderson DE, Zhang L-B, Li S-Y, Mi Z-Q, He T-T, Cong F, Fuo P-J, Huang R, Luo Y, Lin
X-L, Chen J, Huang Y, Sun Q, Zhang X-L-L, Wang Y-Y, Xing §-Z, Chen Y-8, Sun Y, Li ],
Daszak P*, Wang L-F*, Shi Z-L*, Tong Y-G*, Ma J-Y* (2018). Fatal Swine Acute Diarrhea
Syndrome caused by an HKU2-related Coronavirus of Bat Origin. Nature 556: 255-258

Olival KJ*, Hosseini PR, Zambrana-Torrelio C, Ross N, Bogich TL, Daszak P* (2017). Host and
viral traits predict zoonotic spillover from mammals. Nature 546, 646 650

Allen T, Murray KA, Zambrana-Torrelio C, Morse §8, Rondinini C, Di Marco M, Breit N,
Olival KJ, Daszak P* (2017). Global hotspots and correlates of emerging zoonotic diseases.
Naturc Comm 8: 1124

Ge X-Y, Li J-L, Yang X-L, Chmura AA, Zhu G, Epstein JH, Mazet JK, Hu B, Zhang W, Peng
C, Zhang Y-J, Luo C-M, Tan B, Wang N, Zhu Y, Crameri G, Zhang S-Y, Wang L-F, Daszak
P*, Shi Z-L* (2013). Isolation and characterization ot a bat SARS-like Coronavirus that uses
the ACE2 receptor. Nature 503: 535-538

Daszak P*, Zambrana-Torellio C, Bogich TL, Fernandez M, Epstein JH, Murray KA, Hamilton
H (2013). Interdisciplinary approaches to understanding disease emergence: The past, present
and future drivers of Nipah virus emergence. PNAS 110: 3681-3688

Li W, Shi Z, YuM, Ren W, Smith C, Epstein JH, Wang H, Crameri G, Hu Z, Zhang H, Zhang J,
McEachern J, Field H, Daszak P, Eaton BT, Zhang S, Wang L-F. (2005). Bats are natural
reservoirs of SARS-like coronaviruses. Science 310: 676-679

Daszak P*, Cunningham AA, Hyatt AD (2000). Emerging infectious diseases of wildlife -
threats to biodiversity and human health. Science 287: 443-449




Emma Mendelsohn
EcoHealth Alliance, 520 Eighth Avenue, Ste. 1201, New York City, NY 10001, USA
E-mail: mendelsohnf@ecohealthalliance.org

Profcssional Preparation

Wesleyan University, CT Earth and BA 2010
Environmental Science
Duke University, NC Ecotoxicology and MEM 2015

Environmental Health

Appointments

Research Scientist, EcoHealth Alliance 2018 - present
Open-source software peer reviewer, rOpenSci 2(19 - present
Project Scientist, Integral Consulting 2015 - 2018
Statistics Teaching Assistant, Duke University 2014
Environmental Health Science Intern, Cardo ChemRisk 2014
Publications

Li, H., E. Mendelsohn, C. Zong, E. Hagan, W. Zhang, N. Wang, S. Li, H. Yan, H. Huang, G.
Zhu, N. Ross, A. Chmura, P. Terry, M. Fielder, M. Miller, Z. Shi, P. Daszak. (2019). Human-
animal interaction and bat coronavirus spillover potential among rural residents in Southern
China. Biosafcty and Health. 1(2):84-90.

Iwai, H., Hoberman A .M., Goodrum, P.E., Mendelsohn, E., and Anderson, J.LK. (2019).
Addendum to Iwai and Hoberman (2014) Reassessment of Developmental Toxicity of
PFHxA in Mice. International Journal of Toxicology. 38(3):183-191.

Mendelsohn, E., A. Hagopian, K. Hoffman, C.M. Butt, A. Lorenzo, J. Congleton, T.F. Webster,
and H.M. Stapleton. (2016). Nail polish as a source of exposure to triphenyl phosphate.
Environment International. 86:45 51.

Hoftman, K., C.M. Butt, T.F. Webster, E.V. Preston, S.C. Hammel, C. Makey, A. Lorenzo, E.M.
Cooper, C. Carignan, J.D. Meeker, R. Hauser, A. Soubry, S.K. Murphy, T.M. Price, C. Hoyo,
E. Mendelsohn, J. Congleton, J.L.. Daniels, and H.M. Stapleton. (2017). Temporal trends in
exposure to organophosphate flame retardants in the United States. Environmental Science
and Technology Letters. 4(3):112-118

Kopelovich, L., A.L. Perez, N. Jacobs, E. Mendelsohn, and J.J. Keenan. (2015). Screening level
human health risk assessment of toluene and dibutyl phthalate in nail lacquers. Food and
Chemical Toxicology. 81:46 53.




William B. Karesh
EcoHealth Alliance, 460 W. 34th St, New York City, NY 10001, USA
E-mail: kareshiticcohcalthalliance.org

Profcssional Preparation

Clemson University Biology BS 1977

Univ. of Georgia Veterinary Medicine DVM 1982

Zool. Society of San Diego Residency Wildlife Health 1982 - 1984
Appointments

Life Member, Council on Foreign Relations 2016 -
present

Emerging Pandemic Threats Partner Liaison, USAID EPT PREDICT-2 2014 - present
Advisor, WHO Expert Panel on MERS-CoV 2(13 - present
Expert, WHO International Health Regulation Roster of Experts 2(13 - present
Executive Vice President for Health & Policy, EcoHealth Alliance 2010 - present
President, Working Group on Wildlife Diseases, OIE, France 2008 - present
Co-Chair, Wildlife Health Specialist Group, [IUCN, Switzerland 2001 - present
Chief Technical Officer, USAID EPT PREDICT 2009 - 2014

Chief of Party, USAID Global Avian Influenza Network for Surveillance 2006 - 2009
Vice President & Director, Global Health Programs, Wildlife Cons. Society 2001 - 2010

Publications

Kandeil A, Gomaa M, Shehata M, El Taweel AN, Mahmoud SH, Bagato O, Moatasim Y, Kutkat
O, Kayed AS, Dawson P, Oui X, Bahl J, Webby RJ, Karesh WB, Kayali G. (2019) [solation
and characterization of a distinct influenza A virus from Egyptian bats. Journal of Virology
93(2).

Anthony 8], Johnson CK, Grieg D, Kramer S, Che X, Wells HL, Hicks AL, Joly D, Wolfe ND,
Daszak P, Karesh WB, Lipkin WI, Morse 88, Predict Consortium, Mazet J, Goldstein T.
(2019) Global patterns in coronavirus diversity. Virus Evolution 3(1).

Machalaba CC, Elwood SE, Forcella S, Karesh WB. Global avian influenza surveillance in wild
birds: A strategy to capture viral diversity. (2015) Emerging Infectious Diseases 21(4):el-7.

Alagaili AN, Briese T, Mishra N, Kapoor V, Sameroff SC, de Wit E, Munster V], Hensley LE,
Zalmout IS, Kapoor A, Epstein JH, Karesh WB, Daszak P, Mohammed OB, Lipkin WI. (2014)
Middle East Respiratory Syndrome Coronavirus infection in dromedary camels in Saudi
Arabia. mBio 5(2):¢00884-14.

Karesh WB, Dobson A, Lloyd-Smith JO, Lubroth I, Dixon MA, Bennett M, Aldrich S,
Harrington T, Formenty P, Loh EH, Machalaba CC, Thomas MJ, Heymann DL. (2012)
Ecology of zoonoses: Natural and unnatural histories. The Laneet 380(9857):1936-45,

Gaidet N, Caron A, Cappelle J, Cumming GS, Balanca (G, Hammoumi S, Cattoli G, Abolnik C,
De Almeida RS, Gil P, Fereidouni SR, Grosbois V, Tran A, Mundava J, Fofana B, El Mamy
ABO, Ndlovu M, Mondain-Monval JY, Triplet P, Hagemeijer W, Karesh WB, Newman SH,
Dodman T. (2012) Understanding the ecological drivers of avian influenza virus infection in
wildfowl: A continental-scale study across Africa. Proceedings of the Royal Society B:
Biological Sciences 279(1731):1131-41.

Morse SS, Mazet JAK, Woolhouse M, Parrish CR, Carroll I, Karesh WB, Zambrana-Torrelio C,
Lipkin WI, Daszak P. (2012) Prediction and prevention of the next pandemic zoonosis. The
Lancet 380:1956-65.
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The following information should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF}) to which this proposal has: none
Investigator: Emma Mendelschn

Support: ™ Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support
Project/Proposal Title:

Investigating Impact of Nutritional Deficiencies on Pandemics

Source of Support: Eleanor Crooks Foundation

Total Award Amount: $70,000 Total Award Period Covered: 05/01/2020 — 10/31/2020

Location of Project: Glebal

Person-Months Per Year Committed to the Cal: 2 Acad: Sumr:

Support: ] Current ] Pending [] Submission Planned in Near Future  [_] *Transfer of Support

Project/Proposal Title:
REPEL: Rapid Evaluation of Pathogens to prevent Epidemics in Livestock

Source of Support: DHS

Total Award Amount; $566,274.26 Total Award Period Covered: 09/05/2019-09/04/2021

Location of Project: Glohal

Person-Months Per Year Committed to the Cal: 6 Acad: sSumr:

Support: (] Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:

Source of Support:

Total Award Amount: Total Award Period Covered:

Location of Project:

Person-Months Per Year Committed to the Cal: Acad: Sumr:

Support: (] Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:

Source of Support:

Total Award Amount: Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Cal: Acad: sSumr:
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Current and Pending Support
(See GPG Section Il.D.8 for guidance con information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF}) to which this proposal has: none
Investigator: Robkert Young

Support: ™ Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support
Project/Proposal Title:

REPEL: Rapid Evaluation of Pathogens to prevent Epidemics in Livestock

Source of Support: DTRA

Total Award Amount: Total Award Period Covered: 04/09/2012-03/09/2021

Location of Project: Global

Person-Months Per Year Committed to the Cal: 6 Acad: Sumr:

Support: L] Current ] Pending [] Submission Planned in Near Future  [_] *Transfer of Support

Project/Proposal Title:

Source of Support: DHS

Total Award Amount: Total Award Period Covered:

Location of Project:

Person-Months Per Year Committed to the Cal: Acad: sSumr:

Support: (] Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:

Source of Support:

Total Award Amount: Total Award Period Covered:

Location of Project:

Person-Months Per Year Committed to the Cal: Acad: Sumr:

Support: (] Current [] Pending [] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:

Source of Support:

Total Award Amount: Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Cal: Acad: sSumr:

*If this project has previously been funded by another agency, please list and furnish information for immediately pre-
ceding funding period.
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Current and Pending Support

(See GPG Section Il.D.8 for guidance con information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has
Investigator: William Karesh

Support: L] Current X Pending L] Submission Planned in Near Future  [_] *Transfer of Support
Project/Proposal Title:

Reducing the Threat of Middle East Respiratory Syndrome Coronavirus (MERS) and Avian Influenza {(Al) in Jordan &
Strengthening Regicnal Disease Surveillance Capacity {(current proposal)

Source of Support: DTRA

Total Award Amount; $4,975,681.29 Total Award Period Covered: 01/01/2020 - 12/31/2024

Location of Project: USA, Jordan

Person-Months Per Year Committed to the Cal: 2 Acad: Sumr:

Support: ™ Current [] Pending (] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Understanding the Risk of Bat-Bourne Zoonotic Disease Emergence in Western Asia

Source of Support: DTRA

Total Award Amount; $4,391,443.65 Total Award Period Covered: 10/02/2017 - 10/01/2022

Location of Project: Global

Person-Months Per Year Committed to the Cal: 1.56 Acad: sSumr:

Support: ] Current ] Pending L] Submission Planned in Near Future  [_] *Transfer of Support

Project/Proposal Title:
Ground Truth Network

Source of Support: DHS

Total Award Amount: $2,231,114.13 Total Award Period Covered: 09/30/2016 - 09/29/2021

Location of Project: USA

Person-Months Per Year Committed to the Cal: 1.56 Acad: Sumr:

Support: ™ Current [] Pending (] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:

READY: Augmenting Capacity for Humanitarian Emergencies of Infectious Diseases with Epidemic or Pandemic
Potential

Source of Support: USAID

Total Award Amount: $143,605 Total Award Period Covered: 09/25/2018 - 09/30/2021

Location of Project: Global

Person-Months Per Year Committed to the Cal: 1.56 Acad: Sumr:

Support: ™ Current [] Pending ] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Emerging Pandemic Threats PREDICT-2

Source of Support: USAID
Total Award Amount: $100,000,000.00 Total Award Period Covered: 10/01/2014 - 09/30/2019
Location of Project: Global
Person-Months Per Year Committed to the Cal: 4.56 Acad: Sumr:

*If this project has previously been funded by another agency, please list and furnish information for immediately pre-
ceding funding period.

NSF Form 1239 (10/99) USE ADDITIONAL SHEETS AS NECESSARY




Current and Pending Support

(See GPG Section Il.D.8 for guidance con information to include on this form.)

The following infoermation should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has
Investigator: William Karesh

Support: L] Current X Pending L] Submission Planned in Near Future  [_] *Transfer of Support
Project/Proposal Title:
Crimean-Congo hemorrhagic fever: Reducing an emerging health threat in Tanzania

Source of Support: DTRA

Total Award Amount: $4,848,483 Total Award Period Covered: 10/01/2019 - 07/31/2024

Location of Project: USA, Tanzania

Person-Months Per Year Committed to the Cal: 1.0 Acad: Sumr:

Support: ™ Current [] Pending (] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Reducing the threat of Rift Valley Fever through Ecology, Epidemiclogy and Socio-Economics

Source of Support: DTRA

Total Award Amount: $4,988,526 Total Award Period Covered: 06/01/2019 - 05/31/2024

Location of Project: USA, South Africa

Person-Months Per Year Committed to the Cal: 2.0 Acad: Sumr:

Support: (] Current ™ Pending (] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Understanding filovirus diversity in bat reservoirs and implications for human outbreaks in West Africa

Source of Support: NIH

Total Award Amount: $7,307,869 Total Award Period Covered: 03/01/2020 - 02/28/2025

Location of Project: Global

Person-Months Per Year Committed to the Cal: 2.0 Acad: Sumr:

Support: (] Current ™ Pending (] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Reducing the Threat from high-risk pathogens causing febrile iliness in Liberia

Source of Support: DTRA

Total Award Amount: $4,912,818.06 Total Award Period Covered: 01/01/2020 - 12/31/2024

Location of Project: USA, Liberia

Person-Months Per Year Committed to the Cal: 1.5 Acad: Sumr:

Support: L] Current ] Pending L] Submission Planned in Near Future  [_] *Transfer of Support

Project/Proposal Title:

Source of Support:

Total Award Amount: Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Cal: Acad: sSumr:

*If this project has previously been funded by another agency, please list and furnish information for immediately pre-
ceding funding period.

NSF Form 1239 (10/99) USE ADDITIONAL SHEETS AS NECESSARY
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Current and Pending Support

(See GPG Section 11.D.8 for guidance on information to include on this form.}

The following information should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF) to which this preposal has
Investigator: Peter Daszak

Support: ] Current X Pending ] Submission Planned in Near Future  [] *Transfer of Support
Project/Proposal Title:

Reducing the Threat of Middle East Respiratory Syndrome Coronavirus (MERS) and Avian Influenza {(Al} in Jordan &
Strengthening Regicnal Disease Surveillance Capacity (current proposal)

Source of Support: DTRA

Total Award Amount: $4,975,681.29 Total Award Pericd Covered: 01/01/2020 - 12/31/2024

Location of Project: USA, Jordan

Person-Months Per Year Committed to the Cal: 2.0 Acad: Sumr:

Support: ] Current X Pending L] Submission Planned in Near Future  [] *Transfer of Support

Project/Proposal Title:
CNH2: Land-use change and microbial spillover as a coupled human-Resilience

Source of Support: NSF

Total Award Amount: $1,599,738 Total Award Period Covered:

Lecation of Project; EcoHealth Alliance and Malaysia

Person-Manths Per Year Committed to the Cal: 0.50 Acad: Sumr;

Support: [] Current X Pending [ ] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title:
Understanding Risk of Zoonotic Virus Emergence in EID Hotspots of South East Asia

Source of Support: NIH

Total Award Amount: $7,573,721.35 Total Award Period Covered: 3/1/2020 — 2/28/2025

Location of Project: EcoHealth Alliance and International Field and Lab Locations

Person-Maonths Per Year Committed to the Cal: 3.0 Acad: Sumr:

Support: X Current [] Pending [] Submission Planned in Near Future  [] *Transfer of Support

Project/Proposal Title:
One Health Workforce — Next Generation

Source of Support: USAID

Total Award Amount: $5,000,000 Total Award Period Covered: 10/1/2019 - 9/30/2020

Location of Project: EcoHealth Alliance and International Field and Lab Locations

Person-Months Per Year Committed to the Cal: 1.44 Acad: Sumr:

Support: ] Current [] Pending X Submission Planned in Near Future  [] *Transfer of Support

Project/Preposal Title:
Strategies to Prevent (STOP) Spillover

Source of Support: USAID

Total Award Amount: $100,000,000 Total Award Period Covered: 8/31/2020 — 8/30/2025
Location of Project: EcoHealth Alliance and International Field and Lab Locations
Person-Months Per Year Committed to the Cal: 3.0 Acad: Sumr:

*IT this project has previously been funded by another agency, please list and furnish information for immediately pre-
ceding funding period.

NSF Form 1238 (10/98) USE ADDITIONAL SHEETS AS NECESSARY




Objective: Test new ML approaches - transfer learning by

partial pooling, and hybrid mechanistic-ML models, for

predicting impacts of novel biothreats at early, data-sparse

stage of outbreak.

Method:

- Quantify gain in prediction by training models to learn
information across diseases (partial pooling)

- Assess variables most predictive of epidemic impacts at
early stages outbreak.

- Quantify gain in power from using model to predict
parameters of mechanistic compartmental model.

- Determine point in epidemic growth where hybrid models
become more accurate than pure ML models.

Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning
Dr. Noam Ross, EcoHealth Alliance, HDTRA1-14-24c-FRCWMD-BAA

Data from Pathogen, Source, Current _

i i Qutbreak Hybrid
previous Environmental & Durbres s | Hvbnd. . :
outbreaks Socioeconomic Data yData Approach i

Hierarchical Partial
Pocling :

Tree/Spline ML Algorithm .. .F/2rid___,

! ;
' Mechanistic i
---1 Epidemiological +e-----

| Model :

_______________

Benefits of Technology: Disease forecasts in early stages

of outbreaks, especially novel outbreaks, require strong

assumptions in highly structured models. Hierarchical partial

pooling learns what factors from previous outbreaks may be

transferred to apply to new predictions, improving early-stage

assessments of severity and risk.

Challenges:

- Missing data in early-stage outbreak conditions =» Learn
most important variables to prioritize data collection

- ML models non-interpretable and poor at extrapolation =»
Use hybrid approach with ML parameterizing structured
mechanistic model capable of simulating scenarios

Readiness: TRL1

Milestones:

- Y1Q2: Engineer project database & test infrastructure

- Y1Q4: Build, fit, and compare ML model structures to

- 0Y1Q2: Extend models to incorporate genetic data

- OY1Q4: Compare pure ML models to ML-mechanistic hybrids

Funding Profile:
$246,211 Year 1, $248,402 Option Year

Contact information:
Noam Ross, Senior Research Scientist,
ross@ecohealthalliance.org, 1.212.380.4471
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Predicting Biothreat Impacts from Carly-Stage Data via Transfer Leaming
PI: Noam Ross
Thrust Areca 7, I5-A: Machine Leamning for Infectious Biological Agent Forceasting

This publicly releasable abstract is provided to DTRA for use in fulfillment of Section 8123 of the
Defense Appropriations Act and future versions of the same.

Predicting Biothreat Impacts from Early-Stage Data via Transfer Learning

Project Summary

Accurately forecasting the impacts of new disease outbreaks is key to decision-making and
planning. However, at the early stage of outbreaks, little data is available to to make predictions.
Modern “Big Data” machine learning (ML) techniques generally require large data sets, reducing
their usability in these situations. Our proposed work addresses this challenge by using models
that can learn how much data from previous events is useful for making predictions about current
conditions. We will use this approach to understand what aspects of diseases, their hosts, or
environments can be used for prediction and how much they can contribute to making accurate
forecasts.
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PROFILE - Senior/Key Person 2
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Noam Ross
EcoHealth Alliance, 460 W 34" St, New York, NY 10001
E-mail: ross@zccohcalthalliance.org

Profcssional Preparation

Brown University Environmental Science B.S. 2006
University of California-Davis Ecology Ph.D. 2015
Appointments

Principal Scientist, Computational Research, EcoHealth Alliance 2020 - present
Senior Research Scientist Ecologist, EcoHealth Alliance 2016 - 2019
Disease Ecologist, EcoHealth Alliance 2015 -2016
Graduate Researcher, University of California-Davis 2010 - 2015
Senior Analyst, Environmental Strategy and Markets, GreenOrder 2007 - 2009
Analyst, Environmental Strategy and Markets, GreenOrder 2006 - 2007
Contract Researcher: Energy Efficient Products Initiative, Wal-Mart 2006
Publications

Albery, G.F., Eskew, E.A., Ross, N. et al. Predicting the global mammalian viral sharing
network using phylogeography. Nature Communications 11, 2260 (2020).

Carlson CJ, Albery GF, Merow C, Trisos CH, Zipfel CM, Eskew EA, Ross Net al. Climate
change will drive novel cross-species viral transmission. bioRxiv, Cold Spring Harbor
Laboratory; (2020)

Eskew EA, White AM, Ross N, Smith KM, Smith KF, Rodriguez JP, et al. United States wildlife
and wildlife product imports from 2000 2014. Scientific Data 16;7(1).

Li, H., Mendelsohn, E., Zong, C., Zhang, W., Hagan, E., Wang, N., ... Ross N., ... Daszak, P.
(2019). Human-animal interactions and bat coronavirus spillover potential among rural
residents in Southern China. Biosafety and Health, 1(2), 84 90.

Ross, N., Eskew, E., & Ray, N. (2(19). citesdb: An R package to support analysis of CITES
Trade Database shipment-level data. Journal of Open Source Software, 4(37), 1483,

Pedersen, E. J., Miller, D. L., Simpson, G. L., & Ross, N. (2019). Hierarchical generalized
additive models in ecology: an introduction with mgcv. Peerld, 7, ¢6876.

Carlson CJ, Kracalik I, Ross N, Alexander K, Hugh-Jones ME, Fegan M, Elkin B, Epp T, Shury
T, Bagirova M, Getz WM, Blackburn JK. (2019). The global distribution of Bacillus
anthracis and associated anthrax risk to humans, livestock, and wildlife. Nature
Microbiology. 4(8):1337-1343 a

Rostal MK, Ross N, Machalaba C, Cordel C, Paweska JT, Karesh WB. (2018) Benefits of a One
Health approach: An example using Rift Valley fever. One Health 5:34-36.

Olival KJ, Hosseini P, Zambrana-Torrelio C, Ross N, Bogich T, Daszak P. (2017) Host and viral
traits predict zoonotic spillover from mammals. Nature 546:646 650.

Salerno J, Ross N, Ghai R, Mahero M, Travis DA, Gillespie TR, Hartter J. (2017) Self-reported
fever associated with human-wildlife interactions across park landscapes in western Uganda.
EcoHcalth 14(4):675-6590.

Schreiber S, Ross N. (2016) Individual-based integral projection models: The role of size-
structure on extinction risk and establishment success. Methods in Ecology and Evolution
7(7):867-74.

Boettiger C, Ross N, Hastings A. (2013) Early warning signals: The charted and uncharted
territories. Theoretical Ecology 6(3):255-64.
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Robert J. Young
520 Eighth Avenue, Ste. 1201, New York, NY 10018
E-mail: young(@ecohealthalliance.org

Professional Preparation

University of Minnesota Computer Science BS 1999
University of New Mexico Computer Science MS 2007
Appointments

Senior Research Software Engineer, EcoHealth Alliance, New York, NY 2020 - present
Bioinformatics Programmer, Institute for Genomic Medicine, CUMC 2016 - 2020
Computer Analyst, Laboratory for Computational Vision, HHMI 2007 - 2016
Research Assistant, CTI-II/NESSI Project, University of New Mexico 2005 - 2007
Research Assistant, University of New Mexico 2004 - 2005
Bioinformatics Specialist, Visual Neuroscience Laboratory, HHMI 2000 - 2002

Publications and Presentations

Healy, M.J., Olinger, R. D., Young, R.J., Taylor, S.E., Caudell, T., Larson, K.W., (2009) Applying
Category Theory to Improve the Performance of a Neural Architecture, Neurocomputing,
72(13-15):3158-3173.

Young, R.J., Ritthaler, M., Zimmer, P., McGraw, J., Healy, M.J., Caudell, T.P., (2007) Comparison
of Adaptive Resonance Theory Neural Networks for Astronomical Region of Interest Detection
and Noise Characterization, International Joint Confterence on Neural Networks, 2123-2128.

Young, R.J., Ritthaler, M., Healy, M., Caudell, T.P., Zimmer, P. and McGraw, J. (2006) Adaptive
Resonance Theory Neural Networks for Astronomical Region of Interest Detection and Noise
Characterization, Astronomical Data Analysis Software and Systems (ADASS) XVI, ASP
Confcrence Series, Vol. XXX, Phoenix, AZ (Poster).

Ritthaler, M., Luger, G. F., Young, R., McGraw, J. and Zimmer, . (2006) Bayesian Belief
Networks for Astronomical Object Recognition and Classitication in CTI-II, Astronomical Data
Analysis Software and Systems XVI, ASP Conference Series, Vol XXX, Phoenix, AZ

(Poster).

Young, R.J. & Williams, L.R., Psychophysical Demonstration of (An)isotropy in [llusory
Surface Computation, Second Annual CS UNM Student Conference (CSUSC 2006),
Albuquerque, NM (Poster).

Healy, M.J., Olinger, R., Young, R.J., Candell, T.P., and Larson, K., (2005) Modification of the
ART-1 Architecture Based on Category Theoretic Design Principles, Special Session in the
INNS/IEEE International Joint Conference on Neural Networks, 457-462,

Young, R.J. & Williams, L.R., (2005) Psychophysical Measurement of Illusory Contour Shape,
First Annual CS UNM Student Confercnce (CSUSC 2005), Albuquerque, NM (Poster).



Peter Daszak
EcoHealth Alliance, 520 Eighth Avenue, Suite 1201, New York, NY 10018, USA
E-mail: daszak{@ecohealthalliance.org

Protessional Preparation

Bangor University, UK Zoology BS 1986

Univ. of East London, UK Infectious Diseases PhD 1993
Appointments

President & Chief Scientist, EcoHealth Alliance New York 2009- present
Executive Director, Consortium for Conservation Medicine 2001- 2009
Faculty Research Scientist, University of Georgia 1999- 2001
Guest Researcher, Centers for Disease Control and Prevention (CDC) 1999

Faculty Research Scientist, Kingston University, UK 1993- 1998
Research Assistant, University of East London, UK 1989- 1992
Publications

Nikolay B, Salje H, Hossain MJ, Khan AKMD, Sazzad HMS, Rahman M, Daszak P, Stréher U,
Pulliam JRC, Kilpa