




















































































































2R01AI110964-06 DASZAK, PETER

RESUME AND SUMMARY OF DISCUSSION: This outstanding application seeks to understand what
factors allow coronaviruses, including close relatives to SARS, to evolve and emerge in the human
population by studying viral diversity in their animal reservoirs (bats), surveying people that live in high-
risk communities in China for evidence of bat-coronavirus infection, and conducting laboratory
experiments to analyze and predict which newly-discovered viruses pose the greatest threat to human
health. The renewal application follows a very productive and impressive founding period. The premise
is strong. The goal of the application is highly significant; the knowledge gained will be very important
for the future development of public health intervention. Other strengths are the productivity and the
expertise of the investigator, the expertise of the enlisted collaborator, the innovative reverse genetic
approach in aim 3, the rigorous sampling and the preliminary data. Although it is noted that sample size
is optimistic, and the clinical valuation may not be powered, there remains high confidence in the ability
of the investigative team and the impact of the proposed studies.

DESCRIPTION (provided by applicant): Understanding the Risk of Bat Coronavirus Emergence
Novel zoonotic, bat-origin CoVs are a significant threat to global health and food security, as the cause
of SARS in China in 2002, the ongoing outbreak of MERS, and of a newly emerged Swine Acute
Diarrhea Syndrome in China. In a previous RO1 we found that bats in southern China harbor an
extraordinary diversity of SARSr-CoVs, some of which can use human ACE2 to enter cells, infect
humanized mouse models causing SARS-like illness, and evade available therapies or vaccines. We
found that people living close to bat habitats are the primary risk groups for spillover, that at one site
diverse SARSr-CoVs exist that contain every genetic element of the SARS-CoV genome, and identified
serological evidence of human exposure among people living nearby. These findings have led to 18
published peer-reviewed papers, including two papers in Nature, and a review in Cell. Yet salient
questions remain on the origin, diversity, capacity to cause iliness, and risk of spillover of these viruses.
In this RO1 renewal we will address these issues through 3 specific aims: Aim 1. Characterize the
diversity and distribution of high spillover-risk SARSr-CoVs in bats in southern China. We will use
phylogeographic and viral discovery curve analyses to target additional bat sample collection and
molecular CoV screening to fill in gaps in our previous sampling and fully characterize natural SARSr-
CoV diversity in southern China. We will sequence receptor binding domains (spike proteins) to identify
viruses with the highest potential for spillover which we will include in our experimental investigations
(Aim 3). Aim 2. Community, and clinic-based syndromic, surveillance to capture SARSr-CoV spillover,
routes of exposure and potential public health consequences. We will conduct biological-behavioral
surveillance in high-risk populations, with known bat contact, in community and clinical settings to 1)
identify risk factors for serological and PCR evidence of bat SARSr-CoVs; & 2) assess possible health
effects of SARSr-CoVs infection in people. We will analyze bat-CoV serology against human-wildlife
contact and exposure data to quantify risk factors and health impacts of SARSr-CoV spillover. Aim 3. In
vitro and in vivo characterization of SARSr-CoV spillover risk, coupled with spatial and phylogenetic
analyses to identify the regions and viruses of public health concern. We will use S protein sequence
data, infectious clone technology, in vitro and in vivo infection experiments and analysis of receptor
binding to test the hypothesis that % divergence thresholds in S protein sequences predict spillover
potential. We will combine these data with bat host distribution, viral diversity and phylogeny, human
survey of risk behaviors and illness, and serology to identify SARSr-CoV spillover risk hotspots across
southern China. Together these data and analyses will be critical for the future development of public
health interventions and enhanced surveillance to prevent the re-emergence of SARS or the
emergence of a novel SARSr-CoV.

PUBLIC HEALTH RELEVANCE: Most emerging human viruses come from wildlife, and these
represent a significant threat to public health and biosecurity in the US and globally, as was
demonstrated by the SARS coronavirus pandemic of 2002-03. This project seeks to understand what
factors allow coronaviruses, including close relatives to SARS, to evolve and jump into the human































































From: Pyper, Joanna (NIH/CSR) [E]

Sent: Sat, 22 Jun 2013 16:34:26 -0400

To: (b) (6)

Cc: Saadi, Soheyla (NIH/CSR) [E]

Subject: study section assignment of your NIH application

Dear Dr. Daszak,

| am writing with respect to your application “Understanding the Risk of Bat Coronavirus Emergence”. |
note that you request that VIRA review your application. CSR staff has carefully considered your
application within the context of its scientific content, the focus of the individual study sections, and the
expertise available in each of these study sections. The staff has determined that the most appropriate
study section to review your application is CRFS. Your application has been assigned to CRFS. Please
rest assured that a competent team of reviewers will be assembled to assess the scientific merit of your
application. If you have questions concerning this matter, please do not hesitate to communicate with
me.

Sincerely,
Jody Pyper

Joanna M. Pyper, Ph.D.

Deputy Chief, Infectious Diseases and Microbiology IRG
Scientific Review Officer, Virology A (VIRA)

6701 Rockledge Drive, Room 3208, MSC 7808
Bethesda, MD 20892

(For delivery services, use 20817)

Telephone: (b) (6)

FAX: 301-480-0940

e-mail: (b) (6)



From: Saadi, Soheyla (NIH/CSR) [E]

Sent: Wed, 28 Aug 2013 11:13:05 +0000
To: (b) (6)_
Subject: Review Process of Your NIH Application

DEPARTMENT OF HEALTH AND HUMAN SERVICES

National Institutes of Health

Center for Scientific Review, Bethesda, Maryland 20892

Soheyla Saadi, Ph.D
Phone (b) (6)
Email: (b) (6)

August 28, 2013

FROM: Soheyla Saadi, PhD, Scientific Review Officer, CRFS Study Section

TO: DASZAK, PETER
Application: 1R01A1110964-01
Title:Understanding the Risk of Bat Coronavirus Emergence

SUBIJECT: Review Process of Your NIH Application

Dear Investigator:

| am the Scientific Review Officer (SRO) for CRFS study section which will review your NIH application on
October 7, 2013. The purpose of this E-mail message is to provide you with some information
concerning the review process. You may contact me about the review of your application PRIOR to the
Study Section meeting. In addition, to a Study Section, your application is also assigned to a Program
Officer who will be your primary point of contact AFTER the Study Section meeting.

Please note that the NIH has changed its policy on post-submission of grant application materials
prior to Study Section meeting.

New policy can be found at:

http://grants.nih.gov/grants/guide/notice-files/NOT-OD-10-115.html

Under this policy, the following post-submission materials are NOT acceptable:
e Updated Specific Aims or Research Strategy pages
e Late-breaking research findings
e New letters of support or collaboration that do not result from a change in senior/key personnel
due to the loss of an investigator



Acceptable post-submission materials include:

¢ News of an article accepted for publication (DO NOT send a copy of the article)

¢ Revised budget page(s) (e.g., change in budget request due to new funding or institutional
acquisition of equipment)

e Biographical sketches (e.g., change in senior/key personnel due to the hiring, replacement, or
loss of an investigator)

e Letters of support or collaboration resulting from a change in senior/key personnel due to the
hiring, replacement, or loss of an investigator

s Adjustments resulting from natural disasters (e.g., loss of an animal colony)

¢ Adjustments resulting from change of institution (e.g., Pl moves to another university)

Acceptable post-submission materials must be received by 5 pm ET, September 6 (30 calendar days
prior to the peer review meeting). Concurrence from the Authorized Organization Representative
(AOR) of the applicant organization is required. Although the content of post-submission materials
may originate from the PD/PI, Contact PD/PI for multiple PD/P| applications, or organizational
officials, the AOR must send the materials directly to me, or must send his/her concurrence to the
PD/PI who will forward the materials and concurrence to the me. A communication from the PD/PI
only or with a “cc” to the AOR will not be accepted.

Where can you find Rosters?

To see the previous rosters and the roster for the upcoming meeting roster, refer to CSR Study Section
Roster Index "Study Section Rosters ". Choose Standing Study Section Rosters from there you can reach
the CRFS roster information links. The final roster for this meeting will be posted 30 day before the
meeting.

Confidentiality of the Review Process

It is inappropriate for you, or anyone on your behalf, to contact a study section member regarding the
review of your grant application either before or after the meeting of the study section. For a variety of
reasons, reviewers are instructed not to discuss anything about the review with anyone not at the
study section meeting. Questions and comments should be addressed to me (SRO) prior to the meeting
and the Program Official after the meeting.

WHEN WILL SCORES / SUMMARY STATEMENTS BE AVAILABLE?
Scores will be released to the NIH computer within three working days after the meeting. Summary
statements will be available within 30 days after the meeting.

My goal is to facilitate a fair and thorough review of your application. If you have any questions or
concerns, please contact me.

Sincerely,

Soheyla Saadi, Ph.D.

Scientific Review Officer

CRFS- Clinical Research and Field Studies of Infectious Diseases Study Section

ZRG1 IDM-R (50) International Research in Infectious Diseases including AIDS (IRIDA)
Infectious Diseases and Microbiology IRG

Center for Scientific Review, National Institutes of Health, DHHS




6701 Rockledge Dr, Room 3194 MSC 7808 Bethesda, MD 20892

Phone (D) (6) Fax 301-480-0940

Center for
Scientific Review




From: Aleksei Chmura

Sent: Tue, 3 Sep 2013 13:50:10 +0000

To: Saadi, Soheyla (NIH/CSR) [E]

Cc: Peter Daszak;Megan Walsh

Subject: Post-Submission Letter for NIH Application "Understanding the Risk of Bat
Coronavirus Emergence" (1R01A1110964-01)

Attachments: Daszak Pl Understanding risk of bat coronavirus emergence - postsubmission
letter.pdf, ATTO0001.txt

Importance: High

Dear Dr. Saadi,

Please find attached to this email a short, post-submission letter (one-page) from lead PI, Dr. Peter Daszak, with
news of two articles just accepted for publication providing additional support for our team's capacity to conduct
significant international collaborative research on coronaviruses. Our proposal is entitled "Understanding the Risk of
Bat Coronavirus Emergence" (1R01AI110964-01). As AOR, I concur with Dr. Daszak's news and approve of the
letter.

If you have any questions or require modifications of the letter or this email, let me know anytime.
Many thanks most,
Sincerely,

Aleksei Chmura

Authorized Organizational Representative
EcoHealth Alliance

460 West 34th Street — 17th floor

New York, NY 10001

(b) (6) (direct)
(b) (6) (mobile)
Visit our blog: www.ecohealthalliance.org/blog

EcoHealth Alliance integrates innovative science-based solutions and partnerships that increase capacity to achieve
two interrelated goals: protecting global health by preventing the outbreak of emerging diseases and safeguarding
ecosystems by promoting conservation.

From: Saadi, Soheyla (NTH/CSR) [E] (b) (6)
Sent: Wednesday, August 28, 2013 7:13 AM

To: Peter Daszak

Subject: Review Process of Your NIH Application

DEPARTMENT OF HEALTH AND HUMAN SERVICES
National Institutes of Health
Center for Scientific Review, Bethesda, Maryland 20892

Soheyla Saadi, Ph.D

Phone (b) (6)

Email: (b) (6)

August 28, 2013

FROM: Soheyla Saadi, PhD, Scientific Review Officer, CRFS Study Section
TO: DASZAK, PETER



Application: 1RO1AI110964-01
Title:Understanding the Risk of Bat Coronavirus Emergence
SUBJECT: Review Process of Your NIH Application

Dear Investigator:

I am the Scientific Review Officer (SRO) for CRFS study section which will review your NIH application on
October 7, 2013. The purpose of this E-mail message is to provide you with some information concerning the
review process. You may contact me about the review of your application PRIOR to the Study Section meeting. In
addition, to a Study Section, your application is also assigned to a Program Officer who will be your primary point
of contactAFTER the Study Section meeting.

Please note that the NIH has changed its policy on post-submission of grant application materials prior to Study
Section meeting.

New policy can be found at:

http://grants.nih.gov/grants/guide/notice-files/NOT-OD-10-115.html

Under this policy, the following post-submission materials are NOT acceptable:

» Updated Specific Aims or Research Strategy pages

» Late-breaking research findings

* New letters of support or collaboration that do not result from a change in senior/key personnel due to the loss
of an investigator

Acceptable post-submission materials include:

* News of an article accepted for publication (DO NOT send a copy of the article)

* Revised budget page(s) (e.g., change in budget request due to new funding or institutional acquisition of
equipment)

* Biographical sketches (e.g., change in senior/key personnel due to the hiring, replacement, or loss of an
investigator)

» Letters of support or collaboration resulting from a change in senior/key personnel due to the hiring,
replacement, or loss of an investigator

+ Adjustments resulting from natural disasters (e.g., loss of an animal colony)

+ Adjustments resulting from change of institution (e.g., PI moves to another university)

Acceptable post-submission materials must be received by 5 pm ET, September 6 (30 calendar days prior to the peer
review meeting). Concurrence from the Authorized Organization Representative (AOR) of the applicant
organization is required. Although the content of post-submission materials may originate from the PD/PI, Contact
PD/PI for multiple PD/PI applications, or organizational officials, the AOR must send the materials directly to me,
or must send his/her concurrence to the PD/PI who will forward the materials and concurrence to the me. A
communication from the PD/PI only or with a “cc” to the AOR will not be accepted.

Where can you find Rosters?

To see the previous rosters and the roster for the upcoming meeting roster, refer to CSR Study Section Roster Index
"Study Section Rosters ". Choose Standing Study Section Rosters from there you can reach the CRFS roster
information links. The final roster for this meeting will be posted 30 day before the meeting.

Confidentiality of the Review Process

It is inappropriate for you, or anyone on your behalf, to contact a study section member regarding the review of your
grant application either before or after the meeting of the study section. For a variety of reasons, reviewers are
instructed not to discuss anything about the review with anyone not at the study section meeting. Questions and
comments should be addressed to me (SRO) prior to the meeting and the Program Official after the meeting.

WHEN WILL SCORES / SUMMARY STATEMENTS BE AVAILABLE?
Scores will be released to the NIH computer within three working days after the meeting. Summary statements will
be available within 30 days after the meeting.






EcoHealth Alliance

September 2, 2013

Post-submission acceptance of two manuscripts

Dear reviewers,
The status of two of our manuscripts has changed:

1) Our paper “Isolation and characterization of a bat SARS-like coronavirus that uses the
ACE2 receptor” has now been accepted by Nature. Dr. Peter Daszak (Lead Pl on this
proposal) & Dr. Zhengli Shi (Pl on this proposal) are co-corresponding authors of this
paper. Three other Pls (Drs. Ge, Epstein & Zhang) are authors. P| Dr. Ge is lead author.

2) Our paper “Coronavirus diversity and evidence for MERS CoV infection in bats in
Saudi Arabia” has now been accepted by Emerging Infectious Diseases and published
ahead of print: http://wwwnc.cdc.gov/eid/article/19/11/13-1172_article.htm. Lead Pl Daszak
and PI Epstein are co-authors of this paper.

We hope that you will consider the acceptance of these papers as providing additional support for
our capacity to conduct significant international collaborative research on coronaviruses.

Yours sincerely,

Dr Peter Daszak

Lead PI
RO1 proposal: “Understanding the Risk of Bat Coronavirus Emergence” (1R01A1110964-01)

L]
Local conservatlon. EcoHealth Alliance EcoHealthAlliance.org

460 West 34t Street, 17 Floar

Global heal‘th. New York, NY 10001-2320

212.380.4460



From: Maheswar Mikki
Sent: Fri, 3 Apr 2020 00:38:41 -0400

To: U ©®Fauci, Anthony (NIH/NIAID) [E];Lane, Cliff
(NIH/NIAID) [E]Jf () @)Bill Gates (via the Gates
Notes)_

—g
S ke e o ee e O
- e OGO 066
L ee B @ Editorial ) 06
A N QA CHOS)
I A L B C A O

Subject: asymptomatic

04/02/2020
Hi, All The Experts, especially expert Hertz from NASA (most ardent disciple of Einstein):

I hope you had a chance to look into my yesterday’s message (if not, see below).

Here, I want to provide you with “proof” in support the line ‘Latitude 40N’—15! may I ask a
simple Q:

I hope you have seen the News “Navy fires captain who sought help for virus-stricken ship.. The
USS Theodore Roosevelt, with a crew of nearly 5,000, is docked in Guam, and the Navy has said as
many as 3,000 will be taken off the ship and quarantined by Friday. More than 100 sailors on the ship
have tested positive for the virus.. "—when the Ship was sailing in Pacific-Sea.

So, if Navy or some would tell us the route it took to get to the Base in Guam, you all verify the
‘Proof” I give you here. '

Naval Base in Guam at ~latitude 13.5 N

Wuhan, China at ~latitude 30. N

Seattle, US at ~latitude 45. N

Rest of the Cities in Iran, Italy, Spain & Boston/NYC fall in close to a line---drawn a line from a
point in the East at ~latitude 20. N to a point at ~latitude 47.5 N in the West (I hope Dr. Hertz
knows how to do this without asking Einstein to provide Hubble-constant or Nobel Riess).

You may wonder—what is this line got to do with Virus?

Answer: this line from L ~20N to L ~47.5N represents the “present Tilt of earth’s N. pole”
(which I measured accurately in Nov. 2018—27.5d, not 23.5d per NASA: if Dr. Hertz or any
astronomer know how to measure this Tilt, go ahead and verify—make sure to tell me about it).

You may wonder—how this Tilt of 27.5d relate to Virus?

Answer: this line at 27.5d defines a particular ‘plane-of-surface in N. hemisphere’ on the earth as
earth rotates (once a day) & 365-days... and, this particular surface-plane (inclined at 27.5d
towards Sun, at the present time is critical because, it connects the Ship to Wuhan to Iran to Italy



to Spain to Boston/NYC to Seattle...or the approx. line or region where the Virus was or is being
‘created’ by Nature !

The earth rotates from W to E on this plane as the wind going W to E wavering along the line
(why wind weavers--let us ask genius Newton: it is force of gravity, not gravity-wave).

Hence, wind takes our-friendly Virus to places to visit for ‘food’—Ilike we look for food,
shoot/kill/eat innocent/lovable/harmless animals (deer, goat, cow etc..). We forgot the message
of Buddha.

Anyway, did I show the ‘proof’?

See how The Nature, The Creator teaches us, the spoiled Brat?

Therefore, may I Beg you to show Kindness to all People & Animals That Belongs to The
Creator !

When we leave from here, our next stop is either Hell or Heaven !

[ will be Happy to show where one can find Hell or Heaven...

Be Kind—Thanks
Maheswar

From: Maheswar Mikki [mailtol (B (6)

Sent: Wednesday, April 01, 2020 10:08 AM
To: -

&

Subject: asymptomatic

04/01/2020

Hi, Dear WH science-advisor: Please send a copy of this message to Prof. Trump/Dr. Birx/Dr.
Fauci (hope this will un-confuse on asymptomatic- issue)

Hi, Dear code-expert Gates: with love & respect to you, please learn ‘more’ about ‘Virus’ before
you teach on TV or write to me..

Hi, Dear Chancellor: please contact me, I am waiting for an answer from you—we can
design/develop Masks (with ventilator, if required) that can protect us, all.

Hi, Dear Amazon Bezos: did you place your $10 B in a ‘private Foundation’? Let us get to work
on ‘climate-change’ problem—no one can take/carry $ to Hell or Heaven !

My clear Message to All of you, Experts !

The Virus didn’t Originate nor spread from Wuhan, China:

It is created by Nature (by Sun-Star, binary-star system in which we live: | have been
saying/reporting for ~14 Yrs. to the astronomers/scientists, science-Journals/Media-moguls,
Politicians & Pres. Obama/Prof. Trump...).

And, it appears asymptomatic because, we, all humans, are infected around the same time—most
of us show ‘no symptoms’, some showed symptoms, and few died.

Sure, it, also, goes from one person to another person.



By mid-April, this will come to a stop below Latitude 40N—will continue for some more time
above Latitude 40N to 90N & 40S to 90S.

When it is over, that’s not The End—a new-cycle could begin in Nov.-April (next Yr. and/or for
another ~300 Yrs.).

The only thing we can do is this: The Gates, Bezos etc. (& those with Trillions/Billions of $
hidden in caves...) must come out to do something ‘good’.

[ hope the Chancellor likes are listening...

Thanks,

Maheswar

Deborah Birx, MD, an American family physician who's currently serving as the response
coordinator for the White House Coronavirus Task Force, has also voiced concern about
potential asymptomatic carriers of the coronavirus.

During a White House press conference Saturday, Dr. Birx mentioned that experts are still trying
to understand people—mainly those under the age of 20—who don't have "significant
symptoms":

"Until you really understand how many are asymptomatic and asymptomatically passing the
virus on, we think it's better for the entire American public to know that the risk of serious illness
may be low, but they could be potentially spreading the virus to others," she said.

Captain of aircraft carrier struck by coronavirus wants sailors off ship
Cruise ships still trying to dock amid coronavirus pandemic

Iceland lab testing suggests 50% of coronavirus cases are asymptomatic



From: Goodtree, Hannah

Sent: Fri, 13 Mar 2020 19:51:29 +0000

To: Pavlin, Julie;' (b) (6):Keusch, Gerald T;Lane, Cliff (NIH/NIAID)
[E];Nicole Lurie;Amponsah, Edith;Carver, Trea (NIH) [C]

Subject: GPMB Meeting with Cliff Lane

Hello,

Please see below for the call-in details for the GPMB meeting with Nicki Lurie, Jerry Keusch, and CIiff Lane, at
Uncommon Grounds on 3/16 at 3 PM EST.

Join from PC, Mac, Linux, iOS or Android: https://nasem.zoom.us/j/ (b) (6)

Or Dial
US: +1 646 558 8656 or 888 475 4499 (Toll Free)
Meeting 1D: (b) (6)

International numbers available: https://nasem.zoom.us/u/adkzRkTM43

NOTICE: The Zoom service allows audio and any materials exchanged or viewed during the session to be recorded
and shared. Please be aware that by participating in this activity, you consent to your voice, likeness, and any
materials you provide, being recorded for use and dissemination, without payment of any compensation for such
use, in any language, format, or media now known or later devised, and you release the National Academies of
Sciences, Engineering, and Medicine from any and all claims, liability, or damages arising from any such use. The
Academies will proceed in reliance upon such consent and release. If you do not consent to the foregoing, please do
not join the session.



From: Alexander Semenov

Sent: Wed, 4 Mar 2020 11:29:59 +0300
To: Jong-koo Lee
Cc: AYLWARD Raymond Bruce J.;Chikwe IHEKWEAZU (chikwe.ihekw;Lane, Cliff

(NIH/NIAID) [E];Zhou, Weigong (CDC/DDID/NCIRD/ID);Dale FISHER (" (®(®)Dr Hitoshi
TAKAHASHI (takajin@;Natalia PSHENICHNAYA (natalia-;Tim ECKMANNS (7 (B G)XING
Jun;gmleung;Dr VAN KERKHOVE Maria;Zunyou Wu;(SPmig) LEI

ZHOU; (@@ e e

Subject: Re: WITH ATTACHMENTS: WHO-China Joint Mission on CO

Wow! Thank you. Wish you good luck fighting the COVID-2019.

cp, 4 map. 2020 1., 11:08 Jong-kooLee< ' ®®
Dear All

FYI

————————— e Y -
B AR : "AYLWARD, Raymond Bruce J." <6 (@)

FEArE CTee @@ "Alexander SEMENOV
(alexvsemeno"< 6 "Chikwe IHEKWEAZU (chikwe.ihekw"
<@ clifford LANE (OO
< ®6 "Zhou Weigong (CDC/DDID/NCIRD/" < ®® "Dale
FISHER( G4 0O "Dr Hitoshi TAKAHASH]
(takajin@" < ®6 "Natalia PSHENICHNAYA (natalia-"[ ®®
SO, Tim ECKMANNS (0O
<SU@@ UXING, Jun" <EEEE®O gmleung <EETTO@
X :"Dr VAN KERKHOVE, Maria"< ®6 Zunyou Wu
<@ '(SPmig) LEI ZHOU" < @@ T 0e
I T B
5

Hk2 SH} - 2020-03-03 (2) 04:32:31

M5 : RE: Possible SPAM detected: RE: WITH ATTACHMENTS: WHO-China Joint
Mission on CO

Dear Jong-Koo — really helpful to have this further information and insights on the Korea
situation. Thank you so much. B



From: [ @@ 0@

Sent: Monday, March 2, 2020 00:53
To: AYLWARD, Raymond Bruce J.<. ®6 "Alexander SEMENOV

(alexvsemeno" < ®0 "Chikwe IHEKWEAZU (chikwe.ihekw"
<0 @@ clifford LANE [EETTTO©
< ®6 "Zhou Weigong (CDC/DDID/NCIRD/"< ®® "Dale
FISHER( 0 "Dr Hitoshi TAKAHASHI
(takajin@" < @@ "LEE Jong-Koo (@@
< 6 "Natalia PSHENICHNAYA (natalia-" [ ®®
S Tim ECKMANNS (T ee

XING, Jun <@ gmleung < TTTTT0@
Cc: Dr VAN KERKHOVE, Maria< ®0 zynyou Wu
<@ (sPmig) LEI ZHOU <@ T 0O
4 T -
T -

Subject: Possible SPAM detected: RE: WITH ATTACHMENTS: WHO-China Joint
Mission on COVID-19

Dear All

By the our report and experience of joint mission observation, we can accelerate
the measures against outbreak of Republic Korea

| have contacted high level policymaker during Guangzhou in just time, Maria
advised me

Outbreak of our country is progressing and evolving,

and we find that outbreak is associate with close contact history in relative close
space in church and they are passionate, shoulder to shoulder and hand to hand,
and outbreak in chronic mental health hospital we did not confirm relationship
between church and hospital, but church peoples went to hospital due to funeral
ceremony, dead of pneumonia case(aspiration?) of relative of church January.



| attach summery of press briefing and informal contact of KCDC staffs for your
understanding only

Thanks for your advice and WHO colleagues

Jong-koo LEE MD, MPH, PhD

Director, Center for Healthy Society and Education

Professor, Department of Family Medicine

Seoul National University College of Medicine

Ihwajang-gil 71, Jongno-gu, Seoul, 110-810, Republic of Korea
Te! I

Fax +82-2-766-1185

email : [NCCIee

— & o

H ALY : "AYLWARD, Raymond Bruce J." <0 (B) (6)
2=AHE : "Alexander SEMENOV (alexvsemeno" < () (6) "Chikwe IHEKWEAZU

(chikwe.ihekw" < (B) (6) "Clifford LANE (cliff.lane@nih.” </ (B) (6) "Zhou,
Weigong (CDC/DDID/NCIRD/" <I(B)(6) "Dale FISHER () (®) <)@ "or
Hitoshi TAKAHASHI (takajin@" < 0)(6) "LEE Jong-Koo (@@ < e
"Natalia PSHENICHNAYA (natalia-" <00 (0)(6) "Tim ECKMANNS () 6)
<T0)(6) "XING, Jun® <IEEEE®) () gmieung ETO) @)

EZ : "Dr VAN KERKHOVE, Maria" < (6) (6) Zunyou Wu <I(B)(6) "(SPmig) LEI ZHOU"
& 5 __F
< e e  Oe

U2 R} - 2020-03-02 (2) 03:44:04
H S : WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Dear International Members of the Joint Mission,



Clearly | need to get more sleep! Maria just pointed out that | had forgotten to send the
attachments — please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your
departures from China. | have now had a 2"d test here in Geneva and am — of course —
negative (thanks to the good care of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new
cases and importations such as Chikwe in Nigeria.

I’'m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received
from the National Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

o direct link to the report in English: https://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key
findings of the report in a VC with RD/WPRO and the WPRO Ministers of Health
on Friday morning.



Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission
to the end of the presentation. Maria and | put these together and WU Zunyou did a
quick check/correction of them earlier this evening for us. | would be most grateful if
you might have a look at the 3 ‘technical insight’ slides and provide any
thoughts/corrections from your side. | am not trying to be comprehensive but just to
find a few key points that are important to understanding the evolving epi and
containment impact in China.

| have also cc’d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they
can ‘hear’ the conversation (where all of them remain in quarantine at the Presidential
Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom< ©6

Cc: KASAI, Takeshi<  ®0 GALEA, Gauden< 06
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N ' Juan ()
L @@ Alexander SEMENOV (0@
<@ Chikwe IHEKWEAZU (0@
<U@@ clifford LANE (OO
< ©®6 zhou, Weigong (CDC/DDID/NCIRD/ID) < ®® Dale
FISHER (1 GE <)@ Dr Hitoshi TAKAHASHI



e EE@E LEE Jong-Koo (ETTOE
< @@ Natalia PSHENICHNAYA (0@
<@ Tim ECKMANNS (0@

XING, Jun STN®® gmleung <IT®E@ Dr
VAN KERKHOVE, Maria <" G)®) RYAN, Michael J.
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ALEXANDER, Nyka STERN, Gabriella </ 0)©

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dr Tedros & colleagues,

Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the
version just sent (an updated section now has six sub-sections but | had forgotten to
say ‘6’ instead of ‘5’ in the preambular para).

| would be most grateful if the attached version be used as the ‘final final’ (with time
stamp of 1100hr in the file name).

Apologies to all for any inconvenience.

Bruce






<Se)e) "chikwe IHEKWEAZU (chikwe.ihekw" <IN 0)(©)
"Clifford LANE (cliff.lane@nih." <" (B)(6) "Zhou Weigong (CDC/DDID/NCIRD/"

< ®®"DaleFISHER (" ®® < (®® "Dr Hitoshi TAKAHASHI
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Cc: Dr VAN KERKHOVE, Maria< 0 (B)(6) Zunyou Wu < (0)(6) (SPmig) LEI
ZHOU <)@ " e@) < e e E
< beer . me< OO

Subject: Possible SPAM detected: RE: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Dear All

By the our report and experience of joint mission observation, we can accelerate
the measures against outbreak of Republic Korea

| have contacted high level policymaker during Guangzhou in just time, Maria
advised me

Outbreak of our country is progressing and evolving,

and we find that outbreak is associate with close contact history in relative close
space in church and they are passionate, shoulder to shoulder and hand to hand,
and outbreak in chronic mental health hospital we did not confirm relationship
between church and hospital, but church peoples went to hospital due to funeral
ceremony, dead of pneumonia case(aspiration?) of relative of church January.

| attach summery of press briefing and informal contact of KCDC staffs for your
understanding only

Thanks for your advice and WHQO colleagues

Jong-koo LEE MD, MPH, PhD

Director, Center for Healthy Society and Education

Professor, Department of Family Medicine

Seoul National University College of Medicine

Ihwajang-gil 71, Jongno-gu, Seoul, 110-810, Republic of Korea
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H= : WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Dear International Members of the Joint Mission,

Clearly | need to get more sleep! Maria just pointed out that | had forgotten to send the attachments —
please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from
China. | have now had a 2" test here in Geneva and am — of course — negative (thanks to the good care

of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019




o direct link to the report in English: https://www.who.int/docs/default-

source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. 1 would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment

impact in China.

| have also cc’'d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ (6) (6)

Cc: KASAI, Takeshi[ = (B)(6)] GALEA, Gauden< @ G
e ee e Lan (O
<@ ®)®) Alexander SEMENOV (O
< BN Chikwe IHEKWEAZU (0@
<G clifford LANE (CEEONE <GI6 Zhou,
Weigong (CDC/DDID/NCIRD/ID) < (B)(6) Dale FISHER (" (©(®
< @O DrHitoshi TAKAHASHI (" ®®< ()8 LEE Jong-Koo
(T ®E S B)6) Natalia PSHENICHNAYA [0)(6)
< ®® Tim ECKMANNS
< ®EXNG,Jund T ®® gmleung< " (®(6) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. < (b) (6) SCHWARTLANDER, Bernhard F.
{7 (B@® MINHAS,Raman< " (®)(®) SNIDER, Paige Anne

{7 () ALEXANDER,Nyka<"" " (D)(6) STERN, Gabriella< ()6

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High




Dr Tedros & colleagues,

Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5" in the
preambular para).

| would be most grateful if the attached version be used as the ‘final final” (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom < (0

Ce: KASAI, Takeshi [ @)@ @@ @@ 06
SO Luan (O
LB Alexander SEMENOV ((EETTO@
<SG chikwe IHEKWEAZU (L O6)
<O B@ clifford LANE (EEEETGNE) <TETG)6) Zhou,
Weigong (CDC/DDID/NCIRD/ID) </ (0)(6) Dale FISHER (" 0 ®
< (®® DrHitoshi TAKAHASHI (" ®® (®(® LEE Jong-Koo
(T ®E < (B)6) Natalia PSHENICHNAYA [T(0) 6)
S Y@ Tim ECKMANNS
< BEXING, Jun<d )6 gmleung < (B)(6) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. < (b)(6) SCHWARTLANDER, Bernhard F.
[ (®(® MINHAS,Raman< " (®)(6) SNIDER, Paige Anne
<)@ ALEXANDER, Nyka < B)(6) STERN, Gabriella <TTNO)E)

Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,



It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,

allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.

In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been

closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are

leading to stem the ongoing international spread of COVID-19.

Regards

Bruce
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Outbreak of ROK

2020 4 Mach
1. Daily reporting cases
Confirmed cases lab
Total
subtotal dischage Iso Death| total processing negative
2.26
46,127 1,146 22 1513 11 44,981 | 16,734 28,247
09 AM
2.27
57,990 1,595 24 1,559 12 56,395 | 21,097 35,298
09 AM
2.28 2,022
70,940 26 1,983 13 68,918 @ 24,751 44,167
09 AM (+427)
2.29 2,931
85,693 27 2,888 16 82,762 @ 29,154 53,608
09 AM (+909)
3.1. 3,526 |
96,985 30 3.479 17 93,459 32,422 61,037
09 AM (+595)
3.2 4, 212
109,591 31 4,159 22 | 105,379 | 33,799 71,580
00 AM (+686)
3.3. 4,812
125,851 3 4,750 28 121,039 35555 85,484
00 AM (+600)
34 5,328
136,707 41 5,255 32 | 131,379 | 28,414 102,965
00AM (+516)
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2. Geographic

B Daegu : 4,006(positive cases(64.5%), 2,583 is religious group)

B Kyoungbuk : 774(68% of positive is religious group(315), long-term mental

hospital(115), pilgrim(49), social service facility(24)

- Cluster: 3,494(65.6%) : Religious group : 2,992

Others : are associated with other religious group, health workers, social

workers and social service ceneter, sports cub, long-term care facility, small

hospital
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3. Measures

A. Contact tracing and isolation,

i.  Religious group : Among about 210,000 believer(99% were traced by

telephone),

T.

6,561 symptom person have being received test, positive rate is 62%

in Daegu, other area is 1.7%.( 03 March),

Self-quarantine is recommended to all believer (who have been to

Daegu church)

Some believers have been to Wuhan before January (from August
to January) and believers in China including Wuhan had a meeting

in Korea mid Jan, but we did not yet confirm any association
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ii.  Mental health hospital in Chengdo, near 80% inpatients, 115 patients
were infected and late detection due to poor communication by drug

and disease characteristic, made high case fatality
iii.  Sporadic cases: traced by health center and quarantined strictly
B. Triage for fever patients and PCR testing
i.  All district Health center(250) are designated fever patients evaluation
ii. Designated hospital with fever clinic are extended,
C. Infection control and prevention
i.  PPE level D used in fever patient evaluation
D. Hospital management of patents; being prioritized by severity
| Critical care — university affiliated hospital (negative pressure room)
Il. Severe patient care — designated hospital (negative pressure room)

lIl. Mild and moderate pneumonia: general hospital and 6 dormitory on Daegu

and Gyoungbuk
E. Social distance and rigorous education
i.  Closing school, social service center (old age, toddler, handicapped etc)
ii.  Recommend to restrict meeting with relatives, religious services
F. Transmissibility

i.  Contact history: Among infected cases, contact history with early

mild symptom case is frequently observed (religious group)
ii. Incubation period: 4-5d(shorter than China)
G. Severity

.. CFR:among 32, most of pt have underlying disease(transplantation,

cancer, HT, DM,, CVD etc),
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70 +y/o, : 4%, 80 +y/o 5.4% (03 March)

H. Market failure

i.  Mask, handwashing alcohol in market is closely observed by government

4. Perspective

- Now, lot of test is undergoing in religious group, confirmed case will be

increased, but cases is decreasing

- Proportion of Sporadic cases, which is small cluster, is increasing, under being

tracing and quarantined









Jong-koo LEE MD, MPH, PhD

Director, Center for Healthy Society and Education

Professor, Department of Family Medicine

Seoul National University College of Medicine

Ihwajang-gil 71, Jongno-gu, Seoul, 110-810, Republic of Korea
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= : WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Dear International Members of the Joint Mission,

Clearly | need to get more sleep! Maria just pointed out that | had forgotten to send the attachments —
please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from
China. | have now had a 2" test here in Geneva and am — of course — negative (thanks to the good care

of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’'m writing tonight to share with you three things:



1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

o direct link to the report in English: https://www.who.int/docs/default-

source/coranaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. | would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment

impact in China.

| have also cc’d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ (©) (6)
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Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dr Tedros & colleagues,

Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5’ in the
preambular para).

| would be most grateful if the attached version be used as the ‘final final’ (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom <" (0)(6)
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Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,

It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,
allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.

In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been

closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are
leading to stem the ongoing international spread of COVID-19.

Regards

Bruce
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Outbreak of ROK

2020 3 Mach
1. Daily reporting cases
Confirmed cases lab
Total
subtotal dischage Iso Death| total processing negative
2.26
46,127 1,146 22 1,113 11 44981 | 16,734 28,247
09 AM
2.27
57,990 1,595 24 1,559 | 12 56,395 21,097 35,298
09 AM
2.28 2,022
70,940 26 1,983 13 68,918 24,751 44,167
09 AM (+427)
2.29 2,931
85,693 27 2,888 16 82,762 29,154 53,608
09 AM (+909)
3.1. 3,526
96,985 30 3.479 17 93,459 32,422 61,037
09 AM (+595)
3.2. 4, 212
109,591 31 4,159 22 | 105379 33,799 71,580
00 AM (+686)
3.3. 4,812
125,851 34 4,750 28 121,039 35555 85,484
00 AM (+600)
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2. Geographic

B Daegu : 3,601(positive cases( 66%) is religious group)

® Kyoungbuk : 685(long-term mental hospital(115)and religious group(229),
pilgrim(49)

- Cluster 3,161(65.7%)
Religious group : 2,698(56.1%), others(34.30)
Others : are associated with other religious group, health workers, social

workers and social service cneter, sports cub, long-term care facility, small

hospital
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3. Measures

A. Contact tracing and isolation,

i.  Religious group : Among about 19,2634 believer(98.7% were traced by

telephone),

1. 6,561 symptom person have been received test in Daegu, positive
rate 62%(2,685) other area is 1.7%. ,

2. Self-quarantine is recommended to all believer (who have been to

Daegu church)

3. Some believers have been to Wuhan before January (from August

to January) and believers in China including Wuhan had a meeting
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in Korea mid Jan, but we did not yet confirm any association

ii.  Mental health hospital in Chengdo, near 80% inpatients, 115 patients
were infected and late detection due to poor communication by drug

and disease characteristic, made high case fatality
ili.  Sporadic cases: traced by health center and quarantined strictly
B. Triage for fever patients and PCR testing
i.  All district Health center(250) are designated fever patients evaluation
ii.  Designated hospital with fever clinic are extended,
C. Infection control and prevention
i.  PPE level D used in fever patient evaluation
D. Hospital management of patents; being prioritized by severity
|.  Critical care — university affiliated hospital (negative pressure room)
Il. Severe patient care — designated hospital (negative pressure room)

lll. Mild and moderate pneumonia: general hospital or 3-5 dormitory on

Daegu and Gyoungbuk
E. Social distance and rigorous education
i.  Closing school, social service center (old age, toddler, handicapped etc)
ii. Recommend to restrict meeting with relatives, religious services
F. Transmissibility

i.  Contact history: Among infected cases, contact history with early

mild symptom case is frequently observed (religious group)

i.  Incubation period: 4-5d(shorter than China)

G. Severity
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. CFR:among 28, most of pt have underlying disease(transplantation,
cancer, HT, DM,, CVD etc), over
70 +y/o, : 4%, 80 +y/o 54%

H. Market failure
i.  Mask, handwashing in market is closely observed
4. Perspective

Now, lot of test is undergoing in religious group, confirmed case will be

increased



From: (G)) on behalf of "Jong-koo Lee" <IIIIIITO)®)

Sent: Mon, 2 Mar 2020 08:52:49 +0900
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Cc: Dr VAN KERKHOVE Maria;Zunyou Wu;(SPmig) LEI

ZHOUI e eeT T ee

Subject: RE: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19
Attachments: Korea 0301.docx

Dear All

By the our report and experience of joint mission observation, we can accelerate
the measures against outbreak of Republic Korea

| have contacted high level policymaker during Guangzhou in just time, Maria
advised me

Outbreak of our country is progressing and evolving,

and we find that outbreak is associate with close contact history in relative close
space in church and they are passionate, shoulder to shoulder and hand to hand,
and outbreak in chronic mental health hospital we did not confirm relationship
between church and hospital, but church peoples went to hospital due to funeral
ceremony, dead of pneumonia case(aspiration?) of relative of church January.

| attach summery of press briefing and informal contact of KCDC staffs for your
understanding only

Thanks for your advice and WHO colleagues

Jong-koo LEE MD, MPH, PhD

Director, Center for Healthy Society and Education

Professor, Department of Family Medicine

Seoul National University College of Medicine

Ihwajang-gil 71, Jongno-gu, Seoul, 110-810, Republic of Korea
Tel +82-2-740-8867, +82-2-3668-7350

Fax +82-2-766-1185

email : NCOCRNee
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H = : WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Dear International Members of the Joint Mission,

Clearly I need to get more sleep! Maria just pointed out that | had forgotten to send the attachments —
please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from
China. | have now had a 2" test here in Geneva and am — of course — negative (thanks to the good care

of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019




o direct link to the report in English: https://www.who.int/docs/default-

source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. 1 would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment

impact in China.

| have also cc’'d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ (6) (6)

Cc: KASAI, Takeshi [ (B)(6) GALEA, Gauden< @ B®®G)
e ee e Lan (O
<@ ®)®) Alexander SEMENOV (O
< BN Chikwe IHEKWEAZU (0@
<G clifford LANE (CEEONE <GI6 Zhou,
Weigong (CDC/DDID/NCIRD/ID) < (B)(6) Dale FISHER (" (©(®
< @O DrHitoshi TAKAHASHI (" ®®< ()8 LEE Jong-Koo
(T ®@ S B)6) Natalia PSHENICHNAYA [(0)(6)
L B)® Tim ECKMANNS
< ®EXNG,Jund T ®® gmleung< " (®(6) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. < (b) (6) SCHWARTLANDER, Bernhard F.
{7 (B@® MINHAS,Raman< " (®)(®) SNIDER, Paige Anne

{7 () ALEXANDER,Nyka<"" " (D)(6) STERN, Gabriella< ()6

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High




Dr Tedros & colleagues,

Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5" in the
preambular para).

| would be most grateful if the attached version be used as the ‘final final” (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom < (0

Ce: KASAI, Takeshi [ @)@ @@ T ee 06
SO Luan (O
LB Alexander SEMENOV ((EETTO@
<SG chikwe IHEKWEAZU (L O6)
<O B@ clifford LANE (EEEETGNE) <TETG)6) Zhou,
Weigong (CDC/DDID/NCIRD/ID) </ (0)(6) Dale FISHER (" 0 ®
< (@ DrHitoshi TAKAHASHI (" ®® [ (®(® LEE Jong-Koo
(T ®E < (B)6) Natalia PSHENICHNAYA [T10)(6)
L Y@ Tim ECKMANNS
< BEXING, Jun<d )6 gmleung < (B)(6) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. < (b)(6) SCHWARTLANDER, Bernhard F.
[0 (®(® MINHAS,Raman< " (B)(6) SNIDER, Paige Anne
<)@ ALEXANDER, Nyka < B)(6) STERN, Gabriella <TTNO)E)

Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,



It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,

allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.

In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been

closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are

leading to stem the ongoing international spread of COVID-19.

Regards

Bruce



Informal report by LEE

Outbreak of ROK

2020 1 Mach
1. Daily reporting cases
Confirmed cases lab
Total
subtotal dischage Iso Death| total processing negative
2.26
46,127 1,146 22 1113 11 44981 @ 16,734 28,247
09 AM
2.27
57,990 1,595 24 1,559 12 56,395 21,097 35,298
09 AM
2.28 2,022
70,940 26 1,983 13 68,918 24,751 44,167
09 AM (+427)
2.29 2,931
85,693 27 2,888 16 82,762 29,154 53,608
09 AM (+909)
3.1. 3,526
96,985 30 3.479 17 93,459 32,422 61,037
09 AM (+595)

2. Geographic
B Daeqgu : 2,569 (most of positive cases(73%) is religious group, young age)
®  Kyoungbuk : 514(long-term mental hospital and religious group)

- Religious group : 2113(59.9%), mental hospital : 119(3.4%), others(35.8%

- Others : are associated with other religious group, health workers, social

workers, sports cub, pilgrim to Israel, prisons



Informal report by LEE
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3. Measures

A. Contact tracing and isolation,

Religious group in Daegu: Among about 230,000 believer in national
wide, about 8,000 person have symptoms (by telephone call traced,
mainly young people, who were attended on education program

(education center of church),

1. PCTis 87% in positive who has symptoms (early data of 1,200)- very
high attack rate

2. Self-quarantine is recommended to all believer (who went to Daegu

church)

3. Some believers (near 40) have been to Wuhan on January by border

record, but we did not yet confirm any association

Mental health hospital in Chengdo, near 80% inpatients, 130 patients
were infected and late detection due to poor communication by drug

and disease characteristic, made high case fatality

Sporadic cases: traced by health center and quarantined strictly

B. Triage for fever patients and PCR testing

All district Health center(250) are designated fever patients evaluation

Designated hospital with fever clinic are extended,



Informal report by LEE

C. Infection control and prevention
i.  PPE level D used in fever patient evaluation
D. Hospital management of patents; being prioritized by severity
|.  Critical care — university affiliated hospital (negative pressure room)
Il. Severe patient care — designated hospital (negative pressure room)

lIl. Mild and moderate pneumonia: general hospital (considering home or

dormitory)
E. Social distance and rigorous education
i.  Closing school, social service center (old age, toddler, handicapped etc)
i. Recommend to restrict meeting with relatives, religious services
F. Transmissibility

i.  Contact history: Among infected cases, contact history with early

mild symptom case is frequently observed (religious group)
ii.  Incubation period: 4-5d(shorter than China)
G. Severity

i.  CFR:among 17, most of pt have underlying disease(transplantation,
cancer, HT, DM,, CVD etc), over 70 y/o,

H. Market failure
i.  Mask in market is closely observed
4. Perspective

Now, lot of test is undergoing in religious group, confirmed case will be

increased



From: AYLWARD, Raymond Bruce J.
Sent' Sun, 1 Mar 2020 22:00:16 +0000
Zhou, Weigong (CDC/DDID/NCIRD/ID);Alexander SEMENOV

_Ch-kwe IHEKWEAZU (0 B) @) Lane, Cliff
(NIH/NIAID) [E];Dale FISHER (" (®)(6)Dr Hitoshi TAKAHASHI (" (B)(6);LEE Jong-
Koo (""" (®E)Natalia PSHENICHNAYA (" (0) () Tim ECKMANNS
_XING Jun;gmleung

Dr VAN KERKHOVE, Maria;Zunyou Wu;(SPmig) LEI

ZHOU ;0 e o ®e. 06

Subject: RE: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Good points both — just going for simplicity of messaging that people can remember (I usually say ‘about
15%’ and ‘about 5%). Will be clearer.

Re the diagram — agree as well — we need to get this designed properly. B

From: Zhou, Weigong (CDC/DDID/NCIRD/ID) < (B)(6)
Sent: Sunday, March 1, 2020 21:49)

To: AYLWARD, Raymond Bruce J. </ (B)(6) Alexander SEMENOV

(T ee < B Chikwe IHEKWEAZU
(T ee < B)) Clifford LANE ((TB)(6)
< O Dale FISHER (F®N®) < BN Dr Hitoshi TAKAHASHI
(TGE) < )E) LEE Jong-Koo (MEIIIIINGIE) SN e)©)
Natalia PSHENICHNAYA (F e @ < @) Tim
ECKMANNS (B0 (@) < B)(6) XING, Jun BN (6) gmleung
< ee

Cc: Dr VAN KERKHOVE, Maria< " (0)(6) Zunyou Wu < (B)(6) (SPmig) LEI
ZHOU @ e e e e ee

Subject: RE: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

One more quick not on slide 11. The proportions for severe and critical are reported at 13.8% and 6.1%,
respectively in the joint mission report. So the 15% and 5% on slide 11 should be changed to 14% and
6%, respectively.

Thanks,
Weigong

From: Zhou, Weigong (CDC/DDID/NCIRD/ID)
Sent: Sunday, March 1, 2020 3:39 PM
To: AYLWARD, Raymond Bruce J. < () (6) Alexander SEMENOV

(T ee < B)©) Chikwe IHEKWEAZU
(e B Clifford LANE (TG0
< B Dale FISHER (L EG)O) T G)(6) Dr Hitoshi TAKAHASHI
(N )E) <)) LEE Jong-Koo (MEIIIIIIIING)NE) SIeE
Natalia PSHENICHNAYA LU Tim
ECKMANNS (EEE0)®) @)@ XING, Jun SEEETB)O) gmieung




< 0O
Cc: Dr VAN KERKHOVE, Maria< 0 (0) (6) Zunyou Wu < (0)(6) (SPmig) LEI
ZHOU <O (@) [ e e e e

Subject: RE: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19
Dear Bruce, Maria, and all,

| still think the figure in slide 7 is a bit misleading and those red arrow lines should be modified. The mild
and moderate cases do not died directly, but a small portion of them progressed to the next level. |
thought this was pointed out during our discussion on Sunday. The suggested change was to have the
red arrow lines go to the next level instead of going to death directly except the one from critical to
death.

Thanks,
Weigong

From: AYLWARD, Raymond Bruce J. < (0 (©)

Sent: Sunday, March 1, 2020 1:41 PM

To: Alexander SEMENOV (L ®® < (BB Chikwe IHEKWEAZU
O ee <G Clifford LANE (LTO)E)
<cliff 57 (B)(6) Zhou, Weigong (CDC/DDID/NCIRD/ID) < (0)(6) Dale FISHER
(T ®® < BN Dr Hitoshi TAKAHASHI (TGN @)
<®I6) LEE Jong-Koo (TGN < B) @) Natalia
PSHENICHNAYA (i ®)©) < 006 Tim
ECKMANNS (@) (6) < B) () XING, Jun T B)(6) gmleung
LT

Cc: Dr VAN KERKHOVE, Maria< " (0)(6) Zunyou Wu < (®)(6) (SPmig) LEI
ZHOU I e @) [ e e T ee e

Subject: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19
Importance: High

Dear International Members of the Joint Mission,

Clearly I need to get more sleep! Maria just pointed out that | had forgotten to send the attachments —
please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from

China. | have now had a 2"9 test here in Geneva and am — of course — negative (thanks to the good care
of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;



2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

o direct link to the report in English: https://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. | would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment
impact in China.

| have also cc’d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ () (6
Ce: KASAI, Takeshi < B) (8) GALEA, Gauden <)@ [T G)©)
T eE EEeE e L Juan
< ®eT B0 Alexander SEMENOV (T TTB) @)
< B Chikwe IHEKWEAZU (TG
<G clifford LANE (CEEEONE < ®N6) Zhou,
Weigong (CDC/DDID/NCIRD/ID) < (0)(6) Dale FISHER (" (®)(®)
< O Dr Hitoshi TAKAHASHI (BN () <takaj T TB) () LEE Jong-Koo
(U ®®<4 (e Natalia PSHENICHNAYA (natalia-
pshenichnaya@yandex.ru) </ () (6) Tim ECKMANNS
S0 XING, Jun <ITG)6) gmleung <IITG)®) Dr VAN KERKHOVE,
Maria< (06 RYAN, Michael J. < (b) (6) SCHWARTLANDER, Bernhard F.
< (®(® MINHAS,Raman< = (B)(® SNIDER, Paige Anne

< ®)(®) ALEXANDER, Nyka < (B)(6) STERN, Gabriella < B) @)

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dr Tedros & colleagues,



Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5" in the
preambular para).

| would be most grateful if the attached version be used as the ‘final final’ (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom < (6) (6)
Ce: KASAI, Takeshi <kasal " (0) (@) [ ®N@) [ ®NE O
S ®@ uan (EGIE) < B)6)

o ®® Alexander SEMENOV (TG
< BN Chikwe IHEKWEAZU (O
SO B clifford LANE (FEEEETEGNE) < B)6) Zhov,
Weigong (CDC/DDID/NCIRD/ID) < (0)(6) Dale FISHER (" ®®
< O Dr Hitoshi TAKAHASHI (T B)(@) < B) @) LEE Jong-Koo
(@4 (e Natalia PSHENICHNAYA (natalia-
pshenichnaya@yandex.ru) </ () 8) Tim ECKMANNS
<IGI6) XING, Jun <ITG)6) gmleung <IIIING)) Dr VAN KERKHOVE,
Maria</ " (®(®) RYAN, Michael J. < (b) (6)>; SCHWARTLANDER, Bernhard F.
<schwart (D) (6) MINHAS, Raman< " (0)(6) SNIDER, Paige Anne
< )@ ALEXANDER, Nyka < B)(6) STERN, Gabriella HTNO)E)

Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,

It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,
allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.



In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been
closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are
leading to stem the ongoing international spread of COVID-19.

Regards

Bruce



From: AYLWARD, Raymond Bruce J.

Sent: Sun, 1 Mar 2020 18:40:37 +0000

To: Alexander SEMENOV ( (b) (6)Chikwe IHEKWEAZU

( (b) (6}Lane, Cliff (NIH/NIAID) [E];Zhou, Weigong (CDC/DDID/NCIRD/ID);Dale
FISHER ( (b) (6)Dr Hitoshi TAKAHASHI (b) (6)LEE Jong-Koo

( (b) () Natalia PSHENICHNAYA ( (b) (6)Tim ECKMANNS

( (b) (B}XING, Jun;gmleung

Cc: Dr VAN KERKHOVE, Maria;Zunyou Wu;(SPmig) LEI

ZHOU; (b) (6) (b) (6) (b) (6)

Subject: WITH ATTACHMENTS: WHO-China Joint Mission on COVID-19

Attachments: Joint Mission REPORT Chinese VERSION 29Feb2020.pdf, COVID Joint Mission
Findings - at 29Feb2020.pptx

Importance: High

Dear International Members of the Joint Mission,

Clearly | need to get more sleep! Maria just pointed out that | had forgotten to send the attachments -
please find the message/attachments again here:

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from

China. | have now had a 2" test here in Geneva and am — of course — negative (thanks to the good care
of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’'m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

o direct link to the report in English: https://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. | would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment
impact in China.



| have also cc’d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ (0)(6)
Cc: KASAI, Takeshi <kasa' " (0)(6) GALEA, Gauden< = ®® " ®®
L eE T eE 6 Luan (T G)©)
< G@ T B)@) Alexander SEMENOV (T TTO)E)
<O Chikwe IHEKWEAZU ()6
SO B clifford LANE (FEEEEEEG)6) < B)6) Zhov,
Weigong (CDC/DDID/NCIRD/ID) < (0)(6) Dale FISHER (" ®®)
< O Dr Hitoshi TAKAHASHI (TGN () < B) (6 LEE Jong-Koo
(@< (B)6) Natalia PSHENICHNAYA (((0)(6)
< Y@ Tim ECKMANNS
<I)(E) XING, Jun <TG gmleung <IIGI6) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. <7 (b) (6) SCHWARTLANDER, Bernhard F.
< (1 MINHAS,Raman< " (B)(6) SNIDER, Paige Anne
<) ALEXANDER, Nyka < B) (@) STERN, Gabriella SHNO)E)

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dr Tedros & colleagues,

Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5" in the
preambular para).

| would be most grateful if the attached version be used as the “final final’ (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.

Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom < ()

Ce: KASAL, Takeshi [®@@) @@ [ ee e



O L uan (EEEEEEE@E 4 0NE

. ® Alexander SEMENOV (TGO
< O Chikwe IHEKWEAZU (LT B)/6)
<G clifford LANE (CEETE®E < ®N6) Zhou,
Weigong (CDC/DDID/NCIRD/ID) < (®)(®) Dale FISHER (" () (®
< ®) Dr Hitoshi TAKAHASHI ((TB)() <takaj T T(B)(6) LEE Jong-Koo
(T ®@ < B)6) Natalia PSHENICHNAYA [(0)(6)
< ®N® Tim ECKMANNS
LU XING, Jun <TT)E) gmieung <ITG)) Dr VAN KERKHOVE,
Maria</ " (®(®) RYAN, Michael J. < (b)(6) SCHWARTLANDER, Bernhard F.
< (8 MINHAS, Raman SNIDER, Paige Anne
< ®)® ALEXANDER, Nyka < B) 6) STERN, Gabriella < O) @)

Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,

It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,
allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.

In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been
closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are
leading to stem the ongoing international spread of COVID-19.

Regards

Bruce
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China proves it can change the course of COVID-19

outbreaks

Original trajectory
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China’s differentiated approach averted 100,000s of cases
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China is using fundamental public health measures...

* Universal population measuresCase /

O cases
isolation & managementClose contar:t
quarantineSuspension of public |
gatheringsMovement restrictions Sporadic

| cases
Clusters
of cases
Community

transmission




...With 5 key approaches to optimize for sustainability

* differentiating to each contextmobilizing
collective actionrepurposing the machinery
of Government‘turbo-charging’ with
technology agile driving with the latest
science



What China’s approach looks like in practice

China CDC publicly shared the gene sequence of the
novel coronavirus

A novel coronavirus was isolated by China CDC — NHC issued diagnosis and control technical protocols

Emergency monitoring, case investigation, close contact _ NCIP incorporated as a notifiable disease in the Infectious Disease Law and
management and market investigation mitiated, Health and Quarantine Law in China
technical protocols for Wuhan released s cm ‘
NHC notified WHO and relevant countries and regions NHCstarted officislly:datly. discase information relcase
Gene sequencing completed by China CDC ~ State council initiated joint multisectoral mechanism
- Wuhan implemented strict traffic restrictions
s OMild WHO announced PHEIC
OPneumonia
3500 e Huanan seafood
B Severe wholesale market Two new hospitals were established n Wuhan
B Critical closed
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China rapidly adapts strategy to its understanding of COVID-19

Lab diagnostic

Isolation/hospitalization

Recovery

Isolation/hospitalization I Death

Onset ICU



In China, COVID-19 readiness goes beyond
pandemic flu preparedness

* the ‘readiness mindset'immediate capacity (beds,
oxygen, lab, CTs, PPE)massive workforces for case
finding/contact tracinga fully aware & engaged
populationaccess to the best expertise



Some Epidemiologic & Technical Insights, China



Some key epi/technical insights from China (1 of 3)

Transmission dynamics:there does not appear to be substantial
virus circulation in the community (e.qg. only 0.14% of 320,000
samples in Guangdong from Jan-Feb)the vast majority of cases
arise from close contacts of symptomatic cases; 1-5% of 38,000
close contacts develop COVID-19 (based on carefully followed
contacts in 3 areas)transmission in most settings is driven by
family-clusters (i.e. 75-85% of clusters); we found no examples
of children transmitting to adultsthe most careful studies of 20
household attack rates suggest it was 10% early in the outbreak
and fell to 3% with faster isolationtransmission in other closed
settings is happening but is not the major driver in China (e.qg.
nosocomial infections, nursing homes, prisons, restaurants)
school outbreaks have not been a feature of this outbreak — this
may simply be because of the closure of schools during most of
this outbreak



Some key epi/technical insights from China (2 of 3)

Natural history:at diagnosis: approx. 80% are
mild/moderate; 15% severe; 5% criticalprogression:
approx. 10-15% of mild/moderate cases become severe,
and approximately 15-20% of severe become
criticalaverage times: from exposure to symptom onset is
5-6 days after infection; from symptoms to recovery for
mild cases is 2 weeks,; from symptoms to recovery for
severe cases is 3-6 weeks;from symptoms onset to death
is from 1 week (critical) to 2-8 weeks.truly asymptomatic
infection appears to be rare (e.g. 1-3%)an estimated 75%
of ‘asymptomatic’ cases soon progress to diseasechildren
tend to have milder disease than adults; although COVID
was less frequent in children & we did not see onward



Some key epi/technical insights from China (3 of 3)

Virologyvirus shedding is highest early in the course of
disease (vs. SARS shedding which peaks at least 5 days
post onset)virus shedding can be detected in the 24-48
hours prior to disease onsetvirus can be isolated from
stool but there is not epidemiologic evidence of fecal-
oral transmissionvirus shedding usually continues for 7-
12 days in mild/moderate cases, and for >2 weeks in
severe cases



From: AYLWARD, Raymond Bruce J.

Sent: Sun, 1 Mar 2020 18:26:35 +0000

To: Alexander SEMENOV ( (b) (6) Chikwe IHEKWEAZU

( (b) (6)Lane, Cliff (NIH/NIAID) [E];Zhou, Weigong (CDC/DDID/NCIRD/ID);Dale
FISHER ( (b) (6) Dr Hitoshi TAKAHASHI ( (b) (6); LEE Jong-Koo

( (b) () Natalia PSHENICHNAYA ( (b) 6)Tim ECKMANNS

( (b) (6} XING, Jun;gmleung

Cc: Dr VAN KERKHOVE, Maria;Zunyou Wu;(SPmig) LEI

ZHOU; (b) (6) (b) (6) (b) (6)

Subject: Materials: WHO-China Joint Mission on COVID-19

Dear International Members of the Joint Mission,

| trust (hope!) that everyone remains in good health as you approach Day 7 since your departures from

China. | have now had a 2" test here in Geneva and am — of course — negative (thanks to the good care
of our Chinese hosts).

Congratulations to those of you who have been on the frontlines of managing new cases and
importations such as Chikwe in Nigeria.

I’'m writing tonight to share with you three things:

1. the official Chinese version of the Joint Mission report that WHO received from the National
Health Commission and which will be posted on our site;

2. the WHO website links for the English version of the report in case helpful:

o in the section of WHO Coronavirus page:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019

o direct link to the report in English: https://www.who.int/docs/default-
source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf

3. a short overview presentation | quickly put together to share some of the key findings of the
report in a VC with RD/WPRO and the WPRO Ministers of Health on Friday morning.

Please note, | have added 3 slides on ‘key epi/technical insights’ from our Mission to the end of the
presentation. Maria and | put these together and WU Zunyou did a quick check/correction of them
earlier this evening for us. | would be most grateful if you might have a look at the 3 ‘technical insight’
slides and provide any thoughts/corrections from your side. | am not trying to be comprehensive but
just to find a few key points that are important to understanding the evolving epi and containment
impact in China.

| have also cc’d Dr LIANG, Dr WANG Bin, Dr Wu Zunyou and Dr Zhou Lei so that they can ‘hear’ the
conversation (where all of them remain in quarantine at the Presidential Hotel in Beijing....).

With very best regards to all,



Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:58

To: GHEBREYESUS, Tedros Adhanom </ (B) (6)
Ce: KASAI, Takeshi </ B) (6) GALEA, Gauden <Y @) [T 0) ©)
e eNe e Luan (TG0
<@ GNE Alexander SEMENOV (T TTG)6)
< GO Chikwe IHEKWEAZU (T B)©)
<G Clifford LANE (CEETTTTG)E) Zhou,
Weigong (CDC/DDID/NCIRD/ID) < (0)(6) Dale FISHER ("
<IN EIE) Dr Hitoshi TAKAHASHI (EEIIGNE) <IIie)) LEE Jong-Koo
U ®®< (6 Natalia PSHENICHNAYA (natalia-
pshenichnaya@yandex.ru) < B) (@) Tim ECKMANNS
<SUGI6) XING, Jun <EEG)6) gmleung <IITG)®) Dr VAN KERKHOVE,
Maria< " (®(®) RYAN, Michael J. <" (0)(6) SCHWARTLANDER, Bernhard F.
< () MINHAS, Raman< " (B)(6) SNIDER, Paige Anne
< BN ALEXANDER, Nyka < B) (@) STERN, Gabriella <TTNO)O)

Subject: NEW - FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dr Tedros & colleagues,
Our eagle-eyed counterparts spotted a tiny edit | had inadvertently overlooked in the version just sent
(an updated section now has six sub-sections but | had forgotten to say ‘6’ instead of ‘5" in the

preambular para).

| would be most grateful if the attached version be used as the ‘final final’ (with time stamp of 1100hr in
the file name).

Apologies to all for any inconvenience.

Bruce

From: AYLWARD, Raymond Bruce J.
Sent: Friday, February 28, 2020 10:22

To: GHEBREYESUS, Tedros Adhanom </ (6) (6)
Ce: KASAI, Takeshi <0 6r>; [ ®)@) O 06
e Luan (EEGIE) < (B)6)

O Alexander SEMENOV (LT G)@)
< OO chikwe IHEKWEAZU (0 B)@)
< B clifford LANE (FEGIE <T@ Zhou,
Weigong (CDC/DDID/NCIRD/ID) </ ) (®) Dale FISHER (0 ®)©
< B Dr Hitoshi TAKAHASHI (T (0)(6) < B)(6) LEE Jong-Koo




( (b) (6) < (b) (6) Natalia PSHENICHNAYA (natalia-

pshenichnaya@yandex.ru) < () (6) Tim ECKMANNS { (b) (6)
< (b) (6) XING, Jun < (b) (6) gmleung < (b) (6) Dr VAN KERKHOVE,
Maria < (b) (6) RYAN, Michael J. < (b) (6) SCHWARTLANDER, Bernhard F.
< (b) (6) MINHAS, Raman < (b) (6) SNIDER, Paige Anne

< (b) (6) ALEXANDER, Nyka < (b) (6) STERN, Gabriella < (b) (6)

Subject: FOR PUBLIC RELEASE: WHO-China Joint Mission on COVID-19
Importance: High

Dear Dr Tedros,

It is my honor to share with you the attached, final version of the Report of the WHO-China Joint
Mission on COVID-19, on behalf of myself, my Co-Lead Dr LIANG Wannian, our Deputy Team Leader Dr
WANG Bin, and the entire Joint Team of Chinese national and international members.

| am pleased to inform you that in the 24 hours since sharing a preliminary version of this report, the
China and international members have fully aligned the language of the English and Chinese versions,
allowing the release of both versions today.

It is agreed with our Chinese counterparts that the English version can be released immediately, given
the urgency of sharing these findings with the international community. The Honorable Minister of
Health, Dr MA Xiaowei, will release the Chinese version within hours.

In closing, | would like to reiterate my personal gratitude to Dr LIANG for his deep experience and
guidance as we consolidated our findings, and to the entire Team for their tremendous contributions
throughout. As you and | have discussed, this was truly a Joint Mission and the quality of this report
reflects the world-class expertise of all team members, both national and international. The attached
findings and recommendations reflect the collective opinion of the entire team, all of whom have been
closely engaged in its writing and finalization.

It is our common hope and belief that the findings contained herein can inform the global work you are
leading to stem the ongoing international spread of COVID-19.

Regards

Bruce



From: Lane, Cliff (NIH/NIAID) [E]

Sent: Sun, 23 Feb 2020 19:39:48 +0800
To: Dr VAN KERKHOVE, Maria

Cc: (b) (6)

Subject: COVID 19 References; second try!

Ref. 2 = 41 cases
Ref. 5 = 425 cases
The 1099 is still a pre-print. Itis from Prof. Zhong’s group.

| have deleted a few of the references but most of them contain one or more aspects of those things
covered in the report.

Dr. Dong — please edit (add / subtract as appropriate)

Cliff

1. A Novel Coronavirus From Patients With Pneumonia in China, 2019
N Zhu et al. N Engl J Med 382 (8), 727-733. 2020. PMID 31978945.
In December 2019, a cluster of patients with pneumonia of unknown cause was
linked to a seafood wholesale market in Wuhan, China. A previously unknown
betacoronavirus was ...

2. Clinical Features of Patients Infected With 2019 Novel Coronavirus in Wuhan,
China
C Huang et al. Lancet 395 (10223), 497-506. 2020. PMID 31986264.
Ministry of Science and Technology, Chinese Academy of Medical Sciences,
National Natural Science Foundation of China, and Beijing Municipal Science
and Technology Commis ...

3. Detection of 2019 Novel Coronavirus (2019-nCoV) by Real-Time RT-PCR
VM Corman et al. Euro Surveill 25 (3). Jan 2020. PMID 31992387.
BackgroundThe ongoing outbreak of the recently emerged novel coronavirus
(2019-nCoV) poses a challenge for public health laboratories as virus isolates
are unavailable wh ...

4. Genomic Characterisation and Epidemiology of 2019 Novel Coronavirus:
Implications for Virus Origins and Receptor Binding
R Lu et al. Lancet. 2020. PMID 32007145.
National Key Research and Development Program of China, National Major
Project for Control and Prevention of Infectious Disease in China, Chinese
Academy of Sciences, Sha ...

5. Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus-Infected




10.

11.

Pneumonia

Q Lietal. N EnglJ Med. 2020. PMID 31995857.

On the basis of this information, there is evidence that human-to-human
transmission has occurred among close contacts since the middle of December
2019. Considerable eff ...

Genomic Characterization of the 2019 Novel Human-Pathogenic Coronavirus
Isolated From a Patient With Atypical Pneumonia After Visiting Wuhan

JF Chan et al. Emerg Microbes Infect 9 (1), 221-236. Dec 2020. PMID 31987001.
A mysterious outbreak of atypical pneumonia in late 2019 was traced to a
seafood wholesale market in Wuhan of China. Within a few weeks, a novel
coronavirus tentatively n ...

Epidemiological and Clinical Characteristics of 99 Cases of 2019 Novel
Coronavirus Pneumonia in Wuhan, China: A Descriptive Study

N Chen et al. Lancet 395 (10223), 507-513. 2020. PMID 32007143.

National Key R&D Program of China.

Preliminary Estimation of the Basic Reproduction Number of Novel Coronavirus
(2019-nCoV) in China, From 2019 to 2020: A Data-Driven Analysis in the Early
Phase of the Outbreak

S Zhao et al. Int J Infect Dis 92, 214-217. 2020. PMID 32007643.

The mean estimate of Rg for the 2019-nCoV ranges from 2.24 to 3.58, and is
significantly larger than 1. Our findings indicate the potential of 2019-nCoV to
cau ...

A Familial Cluster of Pneumonia Associated With the 2019 Novel Coronavirus
Indicating Person-To-Person Transmission: A Study of a Family Cluster

JF Chan et al. Lancet 395 (10223), 514-523. 2020. PMID 31986261.

The Shaw Foundation Hong Kong, Michael Seak-Kan Tong, Respiratory Viral
Research Foundation Limited, Hui Ming, Hui Hoy and Chow Sin Lan Charity
Fund Limited, Marina Man-W ...

CT Imaging Features of 2019 Novel Coronavirus (2019-nCoV)

M Chung et al. Radiology 200230. 2020. PMID 32017661.

In this retrospective case series, chest CT scans of 21 symptomatic patients
from China infected with the 2019 novel coronavirus (2019-nCoV) were
reviewed, with emphasis ...

Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China

D Wang et al. JAMA. 2020. PMID 32031570.

In this single-center case series of 138 hospitalized patients with confirmed
NCIP in Wuhan, China, presumed hospital-related transmission of 2019-nCoV
was suspected in 4 ...




12,

13.

14.

15.

16.

17.

18.

A Pneumonia Outbreak Associated With a New Coronavirus of Probable Bat
Origin

P Zhou et al. Nature. 2020. PMID 32015507.

Since the SARS outbreak 18 years ago, a large number of severe acute
respiratory syndrome-related coronaviruses (SARSr-CoV) have been discovered
in their natural reservoi ...

Molecular Diagnosis of a Novel Coronavirus (2019-nCoV) Causing an Qutbreak
of Pneumonia

DKW Chu et al. Clin Chem. 2020. PMID 32031583.

The established assays can achieve a rapid detection of 2019n-CoV in human
samples, thereby allowing early identification of patients.

Clinical Characteristics of Novel Coronavirus Cases in Tertiary Hospitals in Hubei
Province

L Kui et al. Chin Med J (Engl). 2020. PMID 32044814.

The majority of patients with 2019-nCoV coronavirus pneumonia present with
fever as the first symptom, and most of them still showed typical
manifestations of viral pneum ...

RNA Based mNGS Approach Identifies a Novel Human Coronavirus From Two
Individual Pneumonia Cases in 2019 Wuhan Outbreak

L Chen et al. Emerg Microbes Infect 9 (1), 313-319. Dec 2020. PMID 32020836.
From December 2019, an outbreak of unusual pneumonia was reported in
Wuhan with many cases linked to Huanan Seafood Market that sells seafood as
well as live exotic anima ...

Initial CT Findings and Temporal Changes in Patients With the Novel
Coronavirus Pneumonia (2019-nCoV): A Study of 63 Patients in Wuhan, China
Y Pan et al. Eur Radiol. 2020. PMID 32055945.

Imaging changes in novel viral pneumonia are rapid. The manifestations of the
novel coronavirus pneumonia are diverse. Imaging changes of typical viral
pneumonia and some ...

Preliminary Prediction of the Basic Reproduction Number of the Wuhan Novel
Coronavirus 2019-nCoV

T Zhou et al. J Evid Based Med. 2020. PMID 32048815.

The early transmission ability of 2019-nCoV is close to or slightly higher than
SARS. It is a controllable disease with moderate to high transmissibility. Timely
and effe ...

Measures for Diagnosing and Treating Infections by a Novel Coronavirus
Responsible for a Pneumonia OQutbreak Originating in Wuhan, China

F Yu et al. Microbes Infect. 2020. PMID 32017984.

On 10 January 2020, a new coronavirus causing a pneumonia outbreak in




19.

20.

21.

22.

23,

24,

25.

26.

Wuhan City in central China was denoted as 2019-nCoV by the World Health
Organization (WHO). As of 2 ...

Origin and Evolution of the 2019 Novel Coronavirus

L Zhang et al. Clin Infect Dis. 2020. PMID 32011673.

Consistent Detection of 2019 Novel Coronavirus in Saliva

KK To et al. Clin Infect Dis. 2020. PMID 32047895.

The 2019-novel-coronavirus (2019-nCoV) was detected in the self-collected
saliva of 91.7% (11/12) of patients. Serial saliva viral load monitoring generally
showed a decl ...

Incubation Period of 2019 Novel Coronavirus (2019-nCoV) Infections Among
Travellers From Wuhan, China, 20-28 January 2020

JA Backer et al. Euro Surveill 25 (5). Feb 2020. PMID 32046819.

A novel coronavirus (2019-nCoV) is causing an outbreak of viral pneumonia
that started in Wuhan, China. Using the travel history and symptom onset of 88
confirmed cases t ...

CT Manifestations of Two Cases of 2019 Novel Coronavirus (2019-nCoV)
Pneumonia

Y Fang et al. Radiology 200280. 2020. PMID 32031481.

Therapeutic and Triage Strategies for 2019 Novel Coronavirus Disease in Fever
Clinics

J Zhang et al. Lancet Respir Med. 2020. PMID 32061335.

Molecular and Serological Investigation of 2019-nCoV Infected Patients:
Implication of Multiple Shedding Routes

W Zhang et al. Emerg Microbes Infect 9 (1), 386-389. Dec 2020. PMID
32065057.

In December 2019, a novel coronavirus (2019-nCoV) caused an outbreak in
Wuhan, China, and soon spread to other parts of the world. It was believed
that 2019-nCoV was tran ...

A Familial Cluster of Infection Associated With the 2019 Novel Coronavirus
Indicating Potential Person-To-Person Transmission During the Incubation
Period

P Yu et al. J Infect Dis. 2020. PMID 32067043.

An ongoing outbreak of pneumonia associated with 2019 novel coronavirus
(2019-nCoV) was reported in China. It is unclear if the infectivity exists during
the incubation p ...

Abnormal Coagulation Parameters Are Associated With Poor Prognosis in
Patients With Novel Coronavirus Pneumonia

N Tang et al. ] Thromb Haemost. 2020. PMID 32073213.

The present study shows that abnormal coagulation results, especially




markedly elevated D-dimer and FDP are common in deaths with NCP.

From: Maria VAN KERKHOVE < ®®

Date: Sunday, February 23, 2020 at 6:59 PM

To: "Lane, Cliff (NIH/NIAID) [€]" <IN 66
Ce: "NOE nee

Subject: Re: COVID 19 References
Hi Cliff,

| think we need to be more selective of the references that are identified. | would be grateful if we
could pull some key ones from Zhong Nanshan's group, China CDC, the report of 41 cases, then of 425
cases, then 1099 cases — some on clinical features (as you have below), lab diagnostics and
phylogenetics, clinical trial protocols, etc.

Thanks in advance for your work on this,
Maria

From: Cliff Lane< () (6).gov>

Date: Sunday, 23 February 2020 at 09:47

To: Maria Van Kerkhove </ (b) (6)
Ce: IO < 0

Subject: Fwd: COVID 19 References

Below are some of the key references regarding COVID 19. | pulled these from PubMed. There may be
other documents (esp. governmental guidelines) we should add.

Cliff

Begin forwarded message:

From: NLM NCBI nobody <nobody@ncbi.nim.nih.gov>
Date: February 23, 2020 at 4:42:09 PM GMT+8

To: "Lane, Cliff (NIH/NIAID) [E]" <N GO

Subject: COVID 19 References

This message contains search results from the National Center for Biotechnology Information (NCBI) at the U.S.
National Library of Medicine (NLM). Do not reply directly to this message



Sent On: Sun Feb 23 03:42:03 2020

30 selected items

PubMed Results

Items 1-30 of 30 (Display the 30 citations in PubMed)

1.

A Novel Coronavirus From Patients With Pneumonia in China, 2019

N Zhu et al. N Engl J Med 382 (8), 727-733. 2020. PMID 31978945.

In December 2019, a cluster of patients with pneumonia of unknown cause was
linked to a seafood wholesale market in Wuhan, China. A previously unknown
betacoronavirus was ...

Clinical Features of Patients Infected With 2019 Novel Coronavirus in Wuhan,
China

C Huang et al. Lancet 395 (10223), 497-506. 2020. PMID 31986264.

Ministry of Science and Technology, Chinese Academy of Medical Sciences,
National Natural Science Foundation of China, and Beijing Municipal Science
and Technology Commis ...

Detection of 2019 Novel Coronavirus (2019-nCoV) by Real-Time RT-PCR

VM Corman et al. Euro Surveill 25 (3). Jan 2020. PMID 31992387.
BackgroundThe ongoing outbreak of the recently emerged novel coronavirus
(2019-nCoV) poses a challenge for public health laboratories as virus isolates
are unavailable wh ...

Genomic Characterisation and Epidemiology of 2019 Novel Coronavirus:
Implications for Virus Origins and Receptor Binding

R Lu et al. Lancet. 2020. PMID 32007145.

National Key Research and Development Program of China, National Major
Project for Control and Prevention of Infectious Disease in China, Chinese
Academy of Sciences, Sha ...

Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus-Infected
Pneumonia

Q Lietal. N EnglJ Med. 2020. PMID 31995857.

On the basis of this information, there is evidence that human-to-human
transmission has occurred among close contacts since the middle of December
2019. Considerable eff ...

Genomic Characterization of the 2019 Novel Human-Pathogenic Coronavirus
Isolated From a Patient With Atypical Pneumonia After Visiting Wuhan

JF Chan et al. Emerg Microbes Infect 9 (1), 221-236. Dec 2020. PMID 31987001.
A mysterious outbreak of atypical pneumonia in late 2019 was traced to a




10.

11,

12.

13

14.

seafood wholesale market in Wuhan of China. Within a few weeks, a novel
coronavirus tentatively n ...

Epidemiological and Clinical Characteristics of 99 Cases of 2019 Novel
Coronavirus Pneumonia in Wuhan, China: A Descriptive Study

N Chen et al. Lancet 395 (10223), 507-513. 2020. PMID 32007143.

National Key R&D Program of China.

Preliminary Estimation of the Basic Reproduction Number of Novel Coronavirus
(2019-nCoV) in China, From 2019 to 2020: A Data-Driven Analysis in the Early
Phase of the Outbreak

S Zhao et al. Int J Infect Dis 92, 214-217. 2020. PMID 32007643.

The mean estimate of Ry for the 2019-nCoV ranges from 2.24 to 3.58, and is
significantly larger than 1. Our findings indicate the potential of 2019-nCoV to
cau ...

A Familial Cluster of Pneumonia Associated With the 2019 Novel Coronavirus
Indicating Person-To-Person Transmission: A Study of a Family Cluster

JF Chan et al. Lancet 395 (10223), 514-523. 2020. PMID 31986261.

The Shaw Foundation Hong Kong, Michael Seak-Kan Tong, Respiratory Viral
Research Foundation Limited, Hui Ming, Hui Hoy and Chow Sin Lan Charity
Fund Limited, Marina Man-W ...

CT Imaging Features of 2019 Novel Coronavirus (2019-nCoV)

M Chung et al. Radiology 200230. 2020. PMID 32017661.

In this retrospective case series, chest CT scans of 21 symptomatic patients
from China infected with the 2019 novel coronavirus (2019-nCoV) were
reviewed, with emphasis ...

CT Imaging of the 2019 Novel Coronavirus (2019-nCoV) Pneumonia

J Lei et al. Radiology 200236. 2020. PMID 32003646.

Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China

D Wang et al. JAMA. 2020. PMID 32031570.

In this single-center case series of 138 hospitalized patients with confirmed
NCIP in Wuhan, China, presumed hospital-related transmission of 2019-nCoV
was suspected in 4 ...

A Pneumonia Outbreak Associated With a New Coronavirus of Probable Bat
Origin

P Zhou et al. Nature. 2020. PMID 32015507.

Since the SARS outbreak 18 years ago, a large number of severe acute
respiratory syndrome-related coronaviruses (SARSr-CoV) have been discovered
in their natural reservoi ...

Molecular Diagnosis of a Novel Coronavirus (2019-nCoV) Causing an Outbreak
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of Pneumonia

DKW Chu et al. Clin Chem. 2020. PMID 32031583.

The established assays can achieve a rapid detection of 2019n-CoV in human
samples, thereby allowing early identification of patients.

Clinical Characteristics of Novel Coronavirus Cases in Tertiary Hospitals in Hubei
Province

L Kui et al. Chin Med J (Engl). 2020. PMID 32044814.

The majority of patients with 2019-nCoV coronavirus pneumonia present with
fever as the first symptom, and most of them still showed typical
manifestations of viral pneum ...

RNA Based mNGS Approach Identifies a Novel Human Coronavirus From Two
Individual Pneumonia Cases in 2019 Wuhan Outbreak

L Chen et al. Emerg Microbes Infect 9 (1), 313-319. Dec 2020. PMID 32020836.
From December 2019, an outbreak of unusual pneumonia was reported in
Wuhan with many cases linked to Huanan Seafood Market that sells seafood as
well as live exotic anima ...

Initial CT Findings and Temporal Changes in Patients With the Novel
Coronavirus Pneumonia (2019-nCoV): A Study of 63 Patients in Wuhan, China
Y Pan et al. Eur Radiol. 2020. PMID 32055945.

Imaging changes in novel viral pneumonia are rapid. The manifestations of the
novel coronavirus pneumonia are diverse. Imaging changes of typical viral
pneumonia and some ...

Preliminary Prediction of the Basic Reproduction Number of the Wuhan Novel
Coronavirus 2019-nCoV

T Zhou et al. J Evid Based Med. 2020. PMID 32048815.

The early transmission ability of 2019-nCoV is close to or slightly higher than
SARS. It is a controllable disease with moderate to high transmissibility. Timely
and effe ...

Measures for Diagnosing and Treating Infections by a Novel Coronavirus
Responsible for a Pneumonia Outbreak Originating in Wuhan, China

F Yu et al. Microbes Infect. 2020. PMID 32017984.

On 10 January 2020, a new coronavirus causing a pneumonia outbreak in
Wuhan City in central China was denoted as 2019-nCoV by the World Health
Organization (WHO). As of 2 ...

Origin and Evolution of the 2019 Novel Coronavirus

L Zhang et al. Clin Infect Dis. 2020. PMID 32011673.

Consistent Detection of 2019 Novel Coronavirus in Saliva

KK To et al. Clin Infect Dis. 2020. PMID 32047895.

The 2019-novel-coronavirus (2019-nCoV) was detected in the self-collected
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saliva of 91.7% (11/12) of patients. Serial saliva viral load monitoring generally
showed a decl ...

Incubation Period of 2019 Novel Coronavirus (2019-nCoV) Infections Among
Travellers From Wuhan, China, 20-28 January 2020

JA Backer et al. Euro Surveill 25 (5). Feb 2020. PMID 32046819.

A novel coronavirus (2019-nCoV) is causing an outbreak of viral pneumonia
that started in Wuhan, China. Using the travel history and symptom onset of 88
confirmed cases t ...

Initial Cluster of Novel Coronavirus (2019-nCoV) Infections in Wuhan, China Is
Consistent With Substantial Human-to-Human Transmission

H Nishiura et al. J Clin Med 9 (2). 2020. PMID 32054045.

Reanalysis of the epidemic curve from the initial cluster of cases with novel
coronavirus (2019-nCoV) in December 2019 indicates substantial human-to-
human transmission. ...

CT Manifestations of Two Cases of 2019 Novel Coronavirus (2019-nCoV)
Pneumonia

Y Fang et al. Radiology 200280. 2020. PMID 32031481.

Emergence of a Novel Coronavirus Causing Respiratory lliness From Wuhan,
China

JW Tang et al. J Infect. 2020. PMID 32001309.

Therapeutic and Triage Strategies for 2019 Novel Coronavirus Disease in Fever
Clinics

J Zhang et al. Lancet Respir Med. 2020. PMID 32061335.

Molecular and Serological Investigation of 2019-nCoV Infected Patients:
Implication of Multiple Shedding Routes

W Zhang et al. Emerg Microbes Infect 9 (1), 386-389. Dec 2020. PMID
32065057.

In December 2019, a novel coronavirus (2019-nCoV) caused an outbreak in
Wuhan, China, and soon spread to other parts of the world. It was believed
that 2019-nCoV was tran ...

Estimation of the Transmission Risk of the 2019-nCoV and Its Implication for
Public Health Interventions

B Tang et al. J Clin Med 9 (2). 2020. PMID 32046137.

Since the emergence of the first cases in Wuhan, China, the novel coronavirus
(2019-nCoV) infection has been quickly spreading out to other provinces and
neighboring coun ...

A Familial Cluster of Infection Associated With the 2019 Novel Coronavirus
Indicating Potential Person-To-Person Transmission During the Incubation
Period
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P Yu et al. J Infect Dis. 2020. PMID 32067043.

An ongoing outbreak of pneumonia associated with 2019 novel coronavirus
(2019-nCoV) was reported in China. It is unclear if the infectivity exists during
the incubation p ...

Abnormal Coagulation Parameters Are Associated With Poor Prognosis in
Patients With Novel Coronavirus Pneumonia

N Tang et al. ] Thromb Haemost. 2020. PMID 32073213.

The present study shows that abnormal coagulation results, especially
markedly elevated D-dimer and FDP are common in deaths with NCP.
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Subject: Article | Consultation on Financing Coronavirus Disease (COVID-19) Vaccine

Development | Thursday, February 20 from 9:30am to 1:30pm

Dear All,

Dr. David Bloom has shared the following article that we believed you may find interesting and pertinent
to our discussions:

Article information: “Coronavirus: We need to start preparing for the next viral outbreak now”:
https://theconversation.com/coronavirus—we—need-to~start-preparing-for-the-next—viral-outbreak-now-
132051

Many thanks,
Gabrielle
WBG Health Team
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Subject: Background Paper and Agenda | Consultation on Financing Coronavirus Disease (COVID-19)
Vaccine Development | Thursday, February 20 from 9:30am to 1:30pm

Dear All,



We sincerely look forward to speaking with you tomorrow for the consultation on Financing
Coronavirus Disease 2019 (COVID-19) Vaccine Development. In anticipation of this important meeting,
kindly find attached a background paper for the consultation titled “Funding the development and
manufacturing of COVID-19 vaccines” as well as a meeting agenda. These documents have also been
circulated through the calendar invitation, for your convenience.

Please do not hesitate to reach out with any questions.
Many thanks,

Gabrielle Williams
WBG Health Team









Funding the development and manufacturing of
COVID-19 vaccines

World Bank/CEPI financing of COVID-19 vaccine development consultationWorld Bank
Office, Washington D.C. | February 20, 2020

Gavin YameyProfessor of the Practice of Global Health and Public
PolicyDirector, Center for Policy Impact in Global Health, Duke
University
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Structure of this presentation

Why do we How much How could this How can CEPI be Manufacturing, = Conducting trials in Key takeaways
need a funding is funding be leveraged as a regulatory, global the midst of the
vaccine? needed? mobilized? funding vehicle? access outbreak



1. Why do we need a COVID-
19 vaccine?




Key messages

Could become a pandemic
All governments must with waves of COVID-19
prepare for transmission over years and/or a global
endemic virus

Vaccine critical for Compare costs ($2B)
reducing illness, deaths, against likely losses
and economic impact ($280B in Q1 alone)




Distribution of COVID-19 cases as of 19 February 2020
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Morbidity and mortality — no specific treatment °

» Cases and deaths: Over 75,000 laboratory-confirmed cases and over 2,000
deathsCompare with 774 reported deaths from SARS (2003)Case fatality rate (CFR)
unclear: 2.2% outside China, ~15% in Wuhan (?detection bias)High risk of
complications once in hospital: 2 patients to ICU in one studyHealth workers at
high risk: 1,746 Chinese health workers have been infectedHard to track spread:
lack of RDTs and the mildness of the symptoms in some infected peopleNo

specific treatment: WHO estimates 82 trials of various MCMs are being conducted
in China alone




Potential future scenarios of COVID-19

Containment has likely slowed transmission but experts doubt that eradication can be
achieved - future scenarios are highly uncertain, so vaccines are critical

Worst case scenario
(Longini): 2/3 of world
Infected

Independent self-
sustaining epidemics iIn
big cities

% P

* Not all models agree-
In any case, many

people would have
minimal symptoms

Wau et al suggest this
scenario is probably
inevitable

-

Pandemic with multiple
waves of COVID-19

\

Scenario could play
out over 1-3 years

Globally endemic virus

Fifth human
coronavirus, perhaps
seasonal




Economic losses from outbreaks

Additional rationale for COVID-19 vaccine development
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Need to act now

COVID-19 vaccine candidates are in pre-clinical development but could be ready for
clinical trials in next few months CEPI-funded candidates: 4 vaccine candidates
funded through Phase 1. CEPI wants 6-8 because: Attrition ratesCurrent partners do
not have production facilities to make a commercial product in bulk at a scale
commensurate with needs in a pandemic Other candidates: BARDA collaborations
with J&J and Sanofi; candidates under development by Chinese government
research organizations (funded by Jack Ma)Why mobilize funds now: Since trials
could begin by spring, investments in process development and scale up of
manufacturing could begin immediatelyBest case scenario: Vaccines deployed,
whether as licensed product or under appropriate ‘emergency use provisions’,
within 12-18 months




Four COVID-19 candidate vaccines funded by CEPI

Vaccine candidate Developer Funding from CEPI

INO-4800 Inovio Pharmaceuticals, Inc.USA USS 8.9 million

Molecular-clamp vaccine platform

: : University of QueenslandAustralia Up to USS 4.5 million
(Protein sub-unit)
MRNA based vaccine CureVac AGGermany USS 8.4 million
mRNA based vaccine USS 0.9 million for manufacturing

. D e .
(MRNA-1273) Klocerhalne anciSlElan (clinical trial costs covered by NIAID)




Core goals of a vaccine funding push ©

Access

Goals entall large investments, short timelines, tolerance for risk



COVID-19 vaccine funding push: broader global O
health funding context

* Future outbreaks: We have an opportunity to establish a new epidemic
| _ vaccine funding mechanism that is “ready to go” for any future
e / outbreakEmerging infections and neglected diseases: first step in

developing a sustained mechanism to mobilize new financing for

phase 3 trials & product manufacturing for broad range of
diseasesComplementarity: this effort should be complementary to
other fund-raising processes (e.g., WHO’s mobilization of resources for
pandemic response and preparedness, upcoming Gavi replenishment)




2. How much funding is
needed?




Key messages

$2B to develop 1 or more
vaccine

Does not include costs for
subsequent
manufacturing, delivery, or
administration

Costs are for development
up to point at which
vaccine can be licensed or
used under emergency
provisions

Funding is needed for all
stages of development

(CEPI used $100M of
unprogrammed funds)




Late stage vaccine development: a valley of death 0

— 100
s O Late development is responsible for
z N ~70% of total development costs There
g 50 IS a major gap in the financing
£ architecture for late development
E (denoted by “?”) Phase IV costs can
0 | — — also be substantial (not shown in the
Discovery Early development Late development Delivery & stockpiling

:Dcommercialization

| Final manufacturing process, Procurement, Deployment, P

i Final facilities, Phase III, ' Vaccination \ J
| Licensure, Monitoring, '

: Recommendation

Stakeholders Industry . Governments, WHO, Gavi,

+ Unicef, Industry, Developing
' country manufacturing

.P  facilities

: : Registration,
Proof of concept in Proof of concept in 5

the laboratory the clinic

Monitoring,
Recommendation

Adapted from Rappuoli R, et al. Vaccines and global health: In search of a sustainable model for vaccine development and delivery. Sci Transl Med. 2019 Jun 19;11(497).



Up to $2 billion is needed

CEPI estimates that up to $2bn is needed to accelerate the development of, scale up,
and preparation to roll out vaccines against COVID-19 (indicative estimates)Progress
8 candidates from pre-clinical to phase 1: clinical development cost up to $10m for
each candidateSupport for scale up, process development and manufacturing, at risk,
while candidates are in phase 1: allows for rapid initiation of phase 2/3 trials. Assumes
initial investments would be required in all 8 candidates, for an average of $70m per
candidateProgress 6 vaccine candidates through phase Il/lll: clinical development
costs of up to $150m each including clinical trial material costLicensure: If CEPI were
to progress 3 vaccine candidates to full licensure there would be additional costs of
up to $100m per candidateDoes not include costs for subsequent manufacturing,

delivery, or administration




ize funding?

3. How to mob




Key messages

“All of the above Strong case for investment
approach”™—public, from national health
philanthropic, & budgets as part of health
private sectors system preparedness

Role for innovative

financing (IFFIm, AMCs, May be valuable to match

different financing
instruments with different
development stages

PEF) and World Bank
mechanisms




New financial commitments are needed to close the Q

$2bn funding gap

Closing the $2 billion gap will require new contributions from all sectors — no funds
should be diverted from other key global health investmentsOECD governments:
Alongside new ODA (e.g. UK, Norway), there is a strong rationale for these
governments to tap into budgets of their health and science ministries to fund
development and deployment of COVID-19 vaccines (health system
preparedness)Emerging economies: Face the same threat and should support
COVID-19 vaccine funding window Philanthropists: Philanthropic funders should
follow the lead of Bill & Melinda Gates Foundation ($100m pledge in response to the
epidemic) and the Wellcome Trust (GBP 10m)Private sector: Cascading
consequences of COVID-19 in China show that companies are highly dependent on
global supply chains & have a strong economic incentive to invest in vaccine
development (in addition to moral compulsion)




Innovative financing approaches

Vaccine bonds are an existing model that could be used to help
finance the development and deployment of COVID-19 vaccinesIFFIm
uses financial markets—through issuance of bonds—to turn long-
term contributions by donor countries into current, or “frontloaded,”
cash IFFIm supports Gavi’s vaccine programs & has received legally
binding pledges from 10 donors totaling US$6.6 billion spanning 23
years to 2030 World Bank is IFFIm’s treasury manager In June 2019,
Norway pledged NOK600 million (US$66 million) to IFFIm to support
CEP/I’s vaccine development effortsAs an existing model, IFFIm
bonds could easily be used to help finance the development and
deployment of COVID-19 vaccinesBonds could be blended with direct
contributions from donors

Vaccine Bonds
Investing in global health




Innovative financing approaches cont’d

The Pandemic Emergency Financing Facility (PEF)An alternative bond-based
mechanism, with cash and insurance windows. Undergoing review - “PEF 2.0” is due
to be launched by May 2020 Cash window could potentially be used for development
and/or manufacturing and delivery of a pandemic vaccine, but this approach has not
been fully tried and testedAdvanced market commitment (AMC) Gavi’s AMC for
pneumococcal vaccines guarantees the price of vaccines once they have been
developed. Funding commitments by donors provide manufacturers the incentive they
need to expand manufacturing capacity (and perhaps invest in R&D?). In exchange,
companies sign legally binding commitment to provide the vaccines at a price
affordable to developing countries in long term Another example: advanced purchase
commitment (APC) between Gavi and Merck. Based on a pre-payment made by Gauvi,
Merck committed to create a stockpile of its Ebola vaccineWorld Bank instruments A
number of instruments within the World Bank’s health portfolio, such as contingent
emergency response components, could also be leveraged




4. How could CEPI be
leveraged as a funding
vehicle?




Key messages

Existing platform with (" If resourced for COVID-19, \
scientific could support pre-clinical
expertise and networks; development, clinical
low transaction costs to development & “scale
expand this platform out”

Already supported by a
World Bank FIF—highly Equitable access policy &
flexible model governance arrangements
easily adapted




Vehicle for funding first 3 steps in COVID-19 ©
development

With scaled-up funding, CEPI could
support these development steps

3. Scale-out(tech transfer &
capacity building)

Consortium of funders would
be needed to support these
steps (not in CEPI’'s remit)

5. Delivery



Why CEPI?

Using CEPI as an existing platform to finance advanced development of COVID-19
vaccines would allow for speed, low transaction costs, flexibility, and global
access:Mission: Stimulate and accelerate development of vaccines against emerging
infectious diseases and enable access to these vaccines for people during outbreaks
Current funding focus: Early development (to phase 2b). However, it can fund phase 3
in certain circumstances (e.g., it will fund late stage trials of two Chikungunya
candidate vaccines):Clear needFunding for phase 3 trials can be mobilized
Transaction costs for “add-on” functions: By using an existing platform as an “add-
on” venue for funding advanced development of COVID-19 vaccines, transaction costs

would be lower than launching a new mechanism




Why CEPI? cont’'d

» Expanding expertise: Additional expertise on funding phase lll trials and in tech
transfer through CEPI could be quickly incorporated without large
investmentsBenefits of being supported by a World Bank FIFFIFs allow for
contributions from non-government stakeholdersFIF recipients are not limited to
Bank-eligible countriesFlexibility in World Bank’s role (pass-through, program
management functions and implementation support) and in governance and
designCan channel funding rapidly CEPI’s governance: flexible enough to adapt to
expanded scope of work contemplated by this new financing window for COVID-19
vaccine development (e.g. expanding SAC to include experts on late stage trials and
manufacturing, adding new investors to the council)Long term mechanism: Once a
funding window for late stage development is in place, it would be “ready to go” for

future outbreaks




5. Manufacturing, global
access, and regulatory
concerns




Key messages

ANI(] 11 (16
1B doses) will require
consortium of
manufacturers (MNCs,
CMOs, DCVMs) ¢ PPP
model of bulk
manufacturing

Use public $ to procure
vaccine & allocate it pro
rata to countries (prevents
HICs monopolizing
vaccine)

Affordability and access
must be bedrock of COVID
-19 vaccine funding push
- GPG approach

Regulatory bodies
recognize urgency of
providing a
simplified/expedited joint
regulatory review of
COVID-19 MCMs




Manufacturing

Establishing large-scale manufacturing capacity for COVID-19 vaccines:Number of
doses: In worst-case scenario, very large number of COVID-19 vaccine doses will
need to be manufactured in short time period (e.g. 1 billion doses in 12-18 months
time)Role of MNCs: To produce needed volumes of vaccine, large MNCs will likely
have to be engaged in some way. Yet such MNCs are wary of being asked to
manufacture epidemic and pandemic vaccines (e.g., high opportunity costs, IP
concerns)Consortium model: To ensure the large-scale production of the vaccine, a
new public private partnership model for bulk manufacturing of the COVID-19 vaccine
by a consortium of manufacturers (MNCs, CMOs, and DCVMs) will probably be
neededProfit motive: If COVID-19 becomes an endemic global pathogen, it would
highly profitable for MNCs to manufacture vaccine and sell it using a tiered pricing
model




Global access: equitable access licensing

CEPI does not take
ownership of IP

Can use “step-in rights™ to
move candidate forward

awardee Is “unable or unwilling
to further vaccine development
and equitable access”

“stage-gate reviews” to
review compliance with
the equitable access
mandate

If company cannot keep
commitment to making a product

available or affordable, CEPI could
identify a new awardee to which to
transfer the IP

Call for phase 3 COVID-19 testing could embed its own unique access
requirements into the agreement (including triggers for step-in rights)



Global access: COVID-19 vaccine as a GPG @

Poor are hit “first
and worst” by
outbreaks

One option is a
global public good
model

Any model in which only HICs
can access COVID-19 vaccine
would be unacceptable Global

Procure vaccine with public $
and allocate pro rata to

ublic Good countries

Must avoid scenario in which HIC
governments enter into bilateral

Consortium of manufacturers ideally
provides “cost plus” contract for sales to a

purchase contracts with
manufacturers (monopoly)

global purchasing agent for a time-limited
period

If COVID-19 transitions to become a globally endemic pathogen, a tiered
pricing model could then be adopted



Funding approach to COVID-19 vaccine e
developmentPandemic scenario with multiple waves of
COVID-19 over years

————————————————————————————————————————————————————————————————————————

Vaccine bonds CEP]
s Financial .
. '”tegsg'ary Q Different financing instruments may
D | be better suited to different steps in
b ODA the process
| o Figure is just an illustrative
4. Manufacturing i . x
: P
3 ‘Public New schematic
financing .
consortium
5 9> . offunders |
5Dty ~ publicgood ~ How to mix and match funding
e 1 ¥ instruments requires further
o , , , exploration
Development Potential financing Potential funding
steps instruments vehicle

(examples)



Expediting regulatory approval

|miy6\ EUROPEAN MEDICINES AGENCY
r SCIENCE MEDICINES HEALTH

* Ebola epidemic exposed hurdles: During the 2014-2016 Ebola epidemic in west
Africa, there was widespread agreement that a new mechanism was needed to
rapidly agree on trial designs and collaborate across borders on fast-track scientific
assessment, regulatory approval, and roll-outCannot be “business as usual” for
COVID-19 MCMs: Regulatory agencies recognize the urgency of providing a
simplified and expedited, joint regulatory review of COVID-19 MCMs




6. Conducting trials during
outbreaks




Key messages

/" Designing such trials can
Need to learn lessons from be challenging; new
trials conducted during approaches have been
Ebola in West Africa developed (e.qg. adaptive
trials)

Ethical issues and
community participation Need an ethical,
should not be an collaborative approach to

afterthought conducting research
during COVID-19 outbreak




Conducting trials during an epidemic

ChallengesUnpredictability: The unpredictability of the duration of an epidemic makes
enrolling and completing a trial difficultPatient numbers: Enrolling a sufficient
number of patients is often impossibleCapacity: Often no capacity to conduct
clinical trials in low-resource settings Funding: Often not enough funding to cover
costly, large phase lll trialsEthical challenges: Ethics of using investigational new
drugsWHO advisory panel: compassionate use is “justified as an exceptional
emergency measure” Such use should not “preclude or delay the initiation of more
conclusive investigations of the intervention(s) in properly designed clinical

studies”




Conducting trials during an epidemic cont’d

SolutionsAdaptive clinical trialsUse results emerging in the trial to modify trial’s
course in accordance with pre-specified rules Stepped wedge trials Introduce
intervention by random allocation at regular intervals to a cluster of participants
until all clusters eventually receive the intervention Non-randomized trialsCapacity
building programsCREDO (Clinical REsearch During Outbreaks) program: TDR,

International Severe Acute Respiratory & Emerging Infections Consortium, UK
Public Health Rapid Support Team




Ethical concerns conducting trials during an outbreak 0

Research should be guided by three key values: equal respect, help

reduce suffering, and fairnessCalls for action by research funders,
governments, and others to:Not support research unless basic heal researchingiobai [NEGEGEG_
needs of participants are addressed through the response effortinvi"™" cicalissues [Nl
in community engagement mechanisms during emergency b LR

researchPromote fair and equitable collaborations between ALL » 'l 'r',
ez 1"'.-_! f | il

EEE o

; ‘_ _ -.‘-‘

research organizationsSupport emergency planning for properly
resourced preparedness between emergencies




7. Key takeaways




Key takeaways

 We need a vaccine: Given uncertain trajectory of COVID-19, must prepare for a
worst-case scenario ¢ vaccine would be a critical MCMWe need a funding push:
Without this push, COVID-19 vaccine candidates will languish ¢ how will public,
philanthropic, and private funding commitments be made?Advantages of CEPI:
Funding early development through phase 3 trials and “scale-out” under CEPI, an
existing platform, offers the advantages of speed, flexibility, and low transaction
costsWho will fund manufacturing and delivery? CEPI isn’t the right mechanism
for funding manufacturing, purchasing, delivery ¢ what will a new funding

consortium for these steps look like?




Key takeaways cont’d

» Tailoring financing mechanisms: Need to better understand how different
mechanisms may be suited to financing different steps in COVID-19 vaccine
development processA new approach: New funding approach for COVID-19
vaccine could be the start of a new, coordinated approach to funding MCMs for
epidemic and pandemics, to break “cycles of panic and neglect” Could be an
important step in building a broader ecosystem to fund phase 3 and
manufacturing for EIDS and neglected diseasesComplementarity: Must be a
complementary effort (e.g., must not siphon ODA from WHO or Gavi)Using vaccine
bonds or an IFFIm mechanism for COVID-19 effort could be one way to take
pressure off these other mobilization effortsCurrent crisis is an opportunity for

high-level dialogue on ways to reform the overall financing system and to ensure
complementarity of funding efforts
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Funding the development and manufacturing of COVID-19 vaccines

Background paper for the World Bank/CEPI financing COVID-19 vaccine development
consultation on February 20, 2020

Authors

A collaborative team of authors from Duke University’s Center for Policy Impact in Global Health
(Gavin Yamey), Open Consultants (Marco Schaferhoff), the World Bank’s Health, Nutrition and
Population Global Practice (Muhammad Pate, Mukesh Chawla, Kent Ranson, and Feng Zhao), and

CEPI (Richard Hatchett, Richard Wilder) wrote this paper. The paper aims to enhance discussions at
the consultation.

Executive summary

»Why do we need a vaccine? The virus that causes COVID-19, the SARS-CoV-2 virus, has quickly
spread worldwide and has the potential to become a pandemic. The WHO has declared COVID-19 to
be a Public Health Emergency of International Concern (PHEIC) and has advised all governments to
prepare for transmission in their countries. There is uncertainty about what will happen next, e.g.,
there could be a pandemic, with multiple waves of COVID-19 over 1-3 years, and/or SARS-CoV-2
could become a globally endemic virus. We need to prepare for a worst-case scenario, in which the
rapid development and scale-up of COVID-19 vaccines is critical to reducing the morbidity, mortality,
and economic damage associated with a pandemic. Were SARS-CoV-2 to become endemic, any
vaccines developed would likely find sustained global demand for their production.

» How much funding do we need and what are the core goals of this funding push? CEPI| has
proposed three core goals for its vaccine development efforts—speed, scale, and access—goals that
will entail large investments in a short time horizon and a high tolerance for risk. CEPI estimates that
the costs of developing one or more vaccines, inclusive of clinical and process development with
scale-up and potential transfer of manufacturing, are likely to be in the range of $S2 billion. It must be
noted that these costs are much lower than the costs of inaction—the economic costs of COVID-19 in
China alone are estimated to be $62 billion in the first quarter of 2020. These cost estimates presume
development to the point at which the vaccines can be licensed or used under emergency use
provisions and do not include costs for subsequent manufacturing, delivery, or administration.

While the urgent need is to develop COVID-19 vaccines, this crisis could potentially also be an
opportunity to begin developing a sustained mechanism to mobilize new financing for development
and product manufacturing for a broad range of emerging infectious diseases (EIDs) and neglected
diseases.

» How could the funding gap for COVID-19 vaccine development and deployment be closed?
Closing the USS$2 billion funding gap will require contributions from the public, philanthropic, and
private sectors. All countries are at risk, and must be prepared, which means there is a strong case
for all governments to invest in COVID-19 vaccine development and deployment as part of their
health systems preparedness investments. There is also an opportunity to use innovative finance
mechanisms, such as vaccine bonds and advanced market commitments, and instruments within the
World Bank’s health portfolio, such as contingent emergency response components. It may be

valuable to match different types of financing instruments with different steps in the vaccine
1
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development and deployment process (Figure 1). For example, vaccine bonds could be used to
finance clinical and process development; official development assistance (ODA) could fund tech
transfer from multinational companies to manufacturers in middle-income countries (MICs),
including capacity building; public funds could be used to procure vaccines as a global public good
(GPG).

3. Scale-out
(tech transfer & 4. Manufacturing 5. Delivery
~ capacity building)

Development 1. Pre-clinical
steps development

Potential financing !
instruments (examples) :

Potential funding !
vehicle !

Figure 1. Schematic of a funding approach to COVID-19 vaccine development (pandemic scenario
with multiple waves of COVID-19 over 1-3 years)

» Why would CEPI be an appropriate venue for a new financing window for the development of
COVID-19 vaccines? If provided with sufficient resources, CEPI is an existing platform with scientific
expertise and networks that could be leveraged to support and oversee the first three steps in the
COVID-19 vaccine development process: pre-clinical development, clinical development, and “scale
out” (i.e. tech transfer and capacity building in MICs). It would not be the right vehicle for funding
manufacturing of vaccine for general use or its delivery, which are outside CEPI’s remit (Figure 1).
CEPI funds the development of vaccines against a range of WHO's Blueprint priority pathogens. By
using an existing platform as the “add-on” venue for funding advanced development of COVID-19
vaccines, transaction costs would be lower than launching a new mechanism. Using CEPI as the
platform would mitigate concerns about fragmentation and “cannibalization” of R&D funding for
EIDs/neglected diseases. Additional expertise on funding phase Il trials and in tech transfer through
CEPI could be quickly incorporated without large investments. Once this expertise and funding
window for late stage development is in place, the window would be “ready to go” for future
outbreaks. Even if the COVID-19 outbreak wanes, opening this new window at CEPI will help to
sustain attention to the importance of epidemic vaccine development. CEPI’s existing equitable
access policy appears to be flexible enough to apply to the expansion of CEPI-funded activities to
phase lll trials and beyond. Similarly, CEPI’s existing governance arrangements have flexibility to
adapt to the expanded scope of work contemplated by this new financing window. CEPI is already
supported by a World Bank financial intermediary fund (FIF), and so using this existing FIF to finance
development of COVID-19 vaccines would allow for speed, low transaction costs, flexibility, and
global access.

» How would manufacturing and delivery of COVID-19 vaccines be funded? The fourth and fifth
steps in the COV-19 vaccine development process—manufacturing and delivery—would require a
separate financing mechanism outside of CEPI. A consortium of public and philanthropic funders is
likely to be needed.

» How would the manufacturing challenges be addressed? For COVID-19 vaccines under
development through CEPI funding, none of the current partners has experience in bulk

2
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manufacturing and they have not previously licensed a vaccine. CEPI is in the process of reviewing
additional proposals and anticipates expanding its portfolio with additional vaccine candidates, and it
is hoped that some of these will be sponsored by experienced manufacturers. For manufacturing at
scale, it is likely that a consortium of manufacturers—including multinational companies (MNCs),
contract manufacturing organizations (CMOs), and developing country vaccine manufacturers
(DCVMs)—will be needed to produce the large numbers of doses that may be required (e.g., a billion
doses 12-18 months from now). A new public-private partnership model for bulk manufacturing of
COVID-19 vaccines by such a consortium of manufacturers is likely to be needed.

» How would regulatory challenges be addressed? Regulatory agencies and bodies, including the
WHO, the US Food and Drug Administration, the European Medicines Agency, and the International
Coalition of Medicines Regulatory Authorities, recognize the urgency of providing a simplified and
expedited, joint regulatory review of COVID-19 MCMs. There is widespread recognition that a
“business as usual” approach is not tenable given the speed at which a pandemic may spread.

» How would global access to COVID-19 vaccines be ensured? Affordability and accessibility must
be the bedrock of any proposal for a new funding push for COVID-19 vaccine development. The poor
are hit “first and worst” by outbreaks, and any access model that ends up giving only high-income
countries access to the vaccine would clearly be unacceptable. It will be critical to avoid a scenario in
which high-income country governments enter into bilateral purchase contracts with manufacturers,
thus monopolizing the vaccine. In a pandemic scenario, with multiple waves of COVID-19 over many
years, one global access model would be for the vaccine to be procured with public funding and
allocated as close to pro rata as possible to countries. In this scenario, countries would probably need
some additional way to prioritize who receives the vaccine. The consortium of manufacturers
discussed earlier (MNCs, CMOs, and DCVMs) would ideally provide a “cost plus” contract (with a
small margin) for sales to a global purchasing agent for a time-limited period; the vaccine would then
be free at the point of care. If COVID-19 then becomes a globally endemic pathogen, successful
vaccines could transition to commercial sales and a tiered pricing model could be adopted.

» How can we ensure that a COVID-19 vaccine funding push does not siphon off funding needed
for other global health priorities? Additional funding is clearly needed for development and
deployment of COVID-19 vaccines, but this effort should be complementary to other fund-raising
processes (e.g., WHO's mobilization of resources for pandemic response and preparedness as well as
the upcoming Gavi replenishment). Using vaccine bonds or an IFFIm mechanism for the COVID-19
effort could be one way to take pressure off these other mobilization efforts. The current crisis is an
opportunity for high-level dialogue on ways to reform the overall financing system and to ensure
complementarity of funding efforts.
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Abbreviations

AMC Advanced Market Commitment

APC Advanced Purchase Commitment

BMGF Bill & Melinda Gates Foundation

CEPI Coalition for Epidemic Preparedness Innovations
CFR Case Fatality Rate

CREDO Clinical REsearch During Outbreaks

DCVMs Developing Country Vaccine Manufacturers
EIDs Emerging Infectious Diseases

EMA European Medicines Agency

FDA United States Food and Drug Administration
FIF Financial Intermediary Fund

GMP Good Manufacturing Practice

GSK GlaxoSmithKline

IAVI International AIDS Vaccine Initiative

IFFlm International Finance Facility for Immunisation
IP Intellectual Property

VI International Vaccine Institute

MCM Medical Countermeasure

MICs Middle-income Countries

MNC Multinational Company

NOK Norwegian Crone

NRAs National Regulatory Authorities

ODA Official Development Assistance

ODI Overseas Development Institute

PATH Program for Appropriate Technology in Health
PEF Pandemic Emergency Financing Facility

PHEIC Public Health Emergency of International Concern
RO Basic Reproductive Number

SAC Scientific Advisory Committee

SARS Severe Acute Respiratory Syndrome

UNICEF United Nations Children's Fund

WHO World Health Organization

Structure of this background paper

This paper is organized into eight sections. Section 1 makes the case for why we urgently need a
COVID-19 vaccine. Section 2 argues that new funding for COVID-19 vaccine development is required
for all development stages and gives estimates of how much funding is needed. Section 3 examines
ways to mobilize such funding. Section 4 explores potential funding vehicles. It makes the case that
CEPI is well placed to be the vehicle for funding pre-clinical development, clinical development, and
“scale out,” but that a different vehicle would be needed for funding manufacturing and delivery.
Section 5 discusses governance of a CEPI funding window for development of COVID-19 vaccines.
Section 6 highlights vaccine manufacturing, IP, global access, and regulatory approval, and Section 7
highlights issues (including ethical considerations) in conducting trials in the midst of the COVID-19
outbreak. Section 8 briefly summarizes our main conclusions.
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1. Introduction: the urgent need to develop and manufacture COVID-19 vaccines

Key messages: The virus that causes COVID-19, the SARS-CoV-2 virus, has quickly spread worldwide
and has the potential to become a pandemic. The WHO has declared COVID-19 to be a Public Helath
Emergency of International Concern (PHEIC) and has advised all governments to prepare for
transmission in their countries. There is uncertainty about what will happen next, e.g., there could be
a pandemic, with multiple waves of COVID-19 over 1-3 years and/or SARS-CoV-2 could become a
globally endemic virus. We need to prepare for a worst-case scenario, in which the rapid
development and scale-up of COVID-19 vaccines is critical to reducing the morbidity, mortality, and
economic damage associated with a pandemic. Were SARS-CoV-2 to become endemic, any vaccines
developed would likely find sustained global demand for their production. While the costs of
development may be high (CEPI estimates the costs of clinical development and “scale-out” alone as
up to $2 billion), the costs of inaction are much larger (the economic costs of COVID-19 in China
alone are estimated to be $62 billion in the first quarter of 2020).

1.1 Current status of COVID-19

As of February 19 2020 at 16.00 (CET), the WHO reports that there have been 75,285 laboratory-
confirmed cases of COVID-19 infection in 26 countries and 2,009 deaths. In comparison, there were
774 reported deaths from the 2003 SARS outbreak. China’s National Health Commission reports that
1,716 health workers have been infected.

An initial assessment of the outbreak by Li and colleagues estimated that in the early phase of the
COVID-19 outbreak in China, the epidemic doubled in size every 7.4 days and the basic reproductive
number (RO) was 2.2. It has been challenging to accurately track the spread, because of factors such
as the lack of rapid diagnostic tests and the mildness of the symptoms in some infected people.

The case fatality rate (CFR) has been the subject of much debate. The CFR for cases outside China is
estimated to be 2.2% (95% confidence interval, 0.6%-5.8%). The first clinical study of COVID-19 in
patients in Wuhan reported a much higher CFR, of about 15%, though this estimate may be prone to

detection bias. Hospitalized patients in Wuhan have a high rate of transfer to the intensive care unit:
a study by Wang and colleagues of 138 hospitalized patients found that 36 patients (26.1%) were
transferred to the intensive care unit because of complications. There is no specific treatment,
though a large number of treatment trials are now underway; the WHO estimates that there are 82

trials of various MCMs (including of antiretrovirals and traditional Chinese medicines) being
conducted in China.

1.2 Potential future scenarios

The likely pattern of global spread is debated and is highly uncertain. For example, modeling by Ira
Longini, co-director of the Center for Statistics and Quantitative Infectious Diseases at the University
of Florida, an adviser to the WHO, suggests that up to two-thirds of the world could become infected.
But other modelers argue this is a worst-case scenario, which even if true would be mitigated by the
many people who would be minimally or mildly symptomatic. Models and estimates will be refined
as new information becomes available.

A study by Wu and colleagues using flight data suggested that Beijing, Shanghai, Guangzhou, and
Shenzhen are all at risk of substantial numbers of cases, and that “independent self-sustaining
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outbreaks in major cities globally could become inevitable because of substantial exportation of pre-
symptomatic cases.” Bogoch and colleagues project a high risk of spread from the Chinese mainland
to Taipei, Bangkok, Tokyo, Seoul, Singapore, London, Sydney, Los Angeles, New York, Paris, San
Francisco, Moscow, and Cairo. Efforts to contain the virus have clearly slowed its transmission, but
at extraordinary cost, and it is unclear how long the quarantines and other measures employed can
be maintained. While containment efforts continue for the time being, many experts now doubt that
eradication can be achieved.

In addition to the possibility of multiple waves of COVID-19, there is also a possibility that COVID-19
becomes a globally endemic virus. Given this range of potential scenarios—a global pandemic,
independent self-sustaining epidemics, or a globally endemic pathogen—vaccine development has
become an urgent priority.

1.3 Economic consequences of inaction

In addition to their major health consequences, previous epidemics and pandemics have also been
associated with large economic losses:

e The global economic loss from SARS in 2003 was US$52.2 billion (more than USS$6 million per
case)

e The 2014-2016 Ebola outbreak led to a direct loss of US52.8 billion across Guinea, Liberia,
and Sierra Leone and an estimated global social and economic burden in excess of US$53
billion (more than $1.8 million per case)

e The 2015 MERS epidemic in South Korea was estimated at the time to have resulted in
economic losses approaching US$10 billion (more than $50 million a case)

e The 2015-2016 Zika outbreak led to an estimated loss of US$3.5 billion in the Latin American
and Caribbean region.

If the COVID-19 outbreak continues on its current trajectory, China is expected to lose up to 562
billion in the first quarter of 2020. The global loss is estimated to be $280 billion within the same
period. Oxford Economics predicts that China’s economic growth in the first quarter of 2020 will be
4% lower than in the first quarter of 2019. It also expects the global economy to grow by 0.2
percentage points less as a result of COVID-19. The anticipated economic losses are another reason
why vaccine development is so urgent.

The Overseas Development Institute (ODI) developed a “vulnerability index” to estimate which
countries are likely to be the most economically vulnerable to COVID-19. Based on countries’ likely
exposure to COVID-19 and their poor preparedness to address the economic impacts, the index
predicts that the most vulnerable countries in economic terms are Sri Lanka, the Philippines, and
Vietnam, followed by Kazakhstan, Kenya, Cambodia, and Nepal.

2. Why funding is needed for the development of COVID-19 vaccines

Key messages: CEPI has proposed three core goals for its vaccine development efforts—speed,
scale, and access—goals that will entail large investments in a short time horizon and a high
tolerance for risk. CEPI estimates that the costs of developing one or more vaccines, inclusive of
clinical and process development with scale-up and potential transfer of manufacturing, are likely to
be in the range of $2 billion. These cost estimates presume development to the point at which the
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vaccines can be licensed or used under emergency use provisions and do not include costs for
subsequent manufacturing, delivery or administration.

Funding is needed for all stages of COVID-19 vaccine development. The first 5$100M that CEPI is
spending has come from unprogrammed funds already allocated to other projects (CEPI does not
have an emergency response lockbox), so this funding also needs to be recouped.

While the urgent need is to develop COVID-19 vaccines, this crisis could potentially also be an
opportunity to begin developing a sustained mechanism to maobilize new financing for development
and product manufacturing for a broad range of EIDs and neglected diseases.

2.1 The valley of death in funding late stage development for EIDs and neglected diseases

Research led by the Center for Policy Impact in Global Health at Duke University has illustrated a
valley of death in the development of technologies to control both EIDs and neglected diseases.
There is a large drop-off in the pipeline of candidates from phase Il to Ill, which partly reflects the
very high costs of phase lll trials. For example, as of August 31, 2017, just 38 out of the 538
candidates (7%) in the pipeline for neglected diseases were in phase lll.

At baseline, there is currently too little funding for late-stage trials, there are too few funders, and
the financing is highly fragmented, creating inefficiencies. The result is that for many fatal or
disabling conditions, the prospects for developing urgently needed control tools are very poor.

For vaccine development specifically, Rappuoli and colleagues have recently shown the high costs of
late stage trials (Figure 2). While there have been improvements in early stage development, thanks
to investments by the Bill & Melinda Gates Foundation, CEPI, PATH, and others, “these
improvements in the early development process have revealed a new, and possibly more perilous,
Valley of Death in the late vaccine development phase.” Late development is responsible for about
70% of total development costs. There is a major gap in the financing architecture for such late
development (Figure 2 shows this gap, which is denoted by “?”). The large costs and time
commitments are explained by the need to (a) produce vaccine candidates according to good
manufacturing practice (GMP) standards in purpose-built production facilities, (b) conduct large-scale
phase Ill trials, (c) submit data to regulators, and (d) conduct post-marketing surveillance. Although
not shown in the figure, phase IV costs can also be substantial.

As described below, there are a number of promising COVID-19 vaccines in early development.
However, unless dedicated funding is mobilized to fund this development, and then for late stage
trials and manufacturing, these candidates will never be developed and deployed. As mentioned,
CEPI has no emergency funds set aside, and so all stages of COVID-19 vaccine development need
emergency funding.

While the acute, urgent focus is on funding for COVID-19 vaccine development, the current crisis
reveals once again that we need to mobilize new financing, especially for phases Ill and
manufacturing, for a broad range of health technologies for both EIDs and neglected diseases.
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Figure 2. Stages of vaccine development and delivery

The figure shows three stages of vaccine development: discovery (10% of the R&D budget), early development
(20% of the budget), and late development (70% of the budget). Under the graph are the funders and
stakeholders involved at each step. A major gap can be seen in the financing architecture for late development
(denoted by “?”). Figure adapted from a figure in: Rappuoli R, et al. Vaccines and global health: In search of a
sustainable model for vaccine development and delivery. Sci Trans! Med. 2019 Jun 19;11(497).}

2.2 Status of current COVID-19 vaccines

CEPI is currently funding four candidates through Phase 1, all of which are still in pre-clinical
development (Table 1). The platforms supporting these candidates are also being used to develop
vaccines for other indications, several of which have reached clinical trials. CEPI recently issued a new
call for proposals (the deadline was February 14, 2020), with the aim of expanding the portfolio to a
total of 6-8 candidates. The portfolio needs such expansion, given (i) standard attrition rates during
development, and (ii) the fact that the current CEPI-funded development efforts involve partners
that do not have the production facilities to make a commercial product in bulk at a scale
commensurate with the needs in a pandemic. While all are using innovative techniques to fast track
vaccine candidate development, none have licensed a vaccine. Thus, there are substantial barriers
ahead with respect to manufacturing and licensure (see below).

1 Abbreviations: BMGF: Bill & Melinda Gates Foundation; CEPI: Coalition for Epidemic Preparedness Innovations; Gavi: Gavi,
the Vaccine Alliance; GSK: GlaxoSmithKline; IAVI: International AIDS Vaccine Initiative; IVI: International Vaccine
Institute; PATH: Program for Appropriate Technology in Health; UNICEF: United Nations Children's Fund; WHO, World
Health Organization
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There are reports of other COVID-19 vaccines being developed, including through a collaboration
between Johnson & Johnson and BARDA, a collaboration between Sanofi and BARDA, and by Chinese
government research organizations through funding by Jack Ma, Alibaba’s founder.

COVID-19 vaccine candidates could potentially be ready for clinical trials in the next few months, and
investments in process development and scale up of manufacturing could begin immediately, albeit
at risk—hence the urgency to mobilize financing immediately.

Table 1. The four COVID-19 candidate vaccines funded by CEPI as of February 19, 2020

COVID-19 vaccine candidate Developer Funding from CEPI for COVID-
19 vaccine development

INO-4800 Inovio pharmaceuticals USS 8.9 million

Protein sub-unit (molecular- University of Queensland Up to USS 4.5 million
clamp vaccine platform)

mRNA based vaccine CureVac USS 8.4 million
mRNA based vaccine (mRNA- Moderna Inc. in partnership USS 0.9 million for
1273) with NIAID manufacturing (clinical trial

costs covered by NIAID)

2.3 Costs to develop and deploy a COVID-19 vaccine

Key message: Up to $2bn is needed to accelerate the development of, scale up, and prepare to roll
out vaccines against COVID-19.

On February 14, 2020, CEPI provided a background paper called “Investment Case: Rapid Vaccine
Development for COVID-19,” which it shared with us for the development of this paper. CEPI
estimates that:

e Upto $2bnis needed to “accelerate the development of, scale up, and prepare to roll out
vaccines against 2019-nCoV [now called COVID-19]

e The best-case scenario would see vaccines that could potentially be deployed, whether as a
licensed product or under appropriate ‘emergency use provisions’ within 12-18 months.”

The $2bn estimate is based on the following:

e “Funding for an initial 8 vaccine candidates from preclinical through phase I, with clinical
development cost up to $10m for each.

e Support for scale up, process development and manufacturing, at risk,? while candidates are
in phase 1. Such investment will allow for the rapid initiation of phase 2/3 trials. The

2 “At risk” in this context means beginning the investment in process development and scale-up without even

knowing whether the vaccine candidate works. The process development and scale-up, in theory, are agnostic

of the vaccine candidate, so that if a particular candidate failed and a new construct has to be developed, the
9
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assumption is that initial investments would be required in all 8 candidates for an average of
close to $70m for each of those candidates.

e CEPI progresses 6 vaccine candidates through phase II/11l, with clinical development costs up
to $150m each including Clinical Trial Material cost.

e |f CEPI were to progress 3 vaccine candidates to full licensure there would be additional costs
of up to $100m per candidate.”

CEPI cautions that these are indicative budget estimates based on professional judgment and do not
reflect specific budgets from the current set of performers.

These cost estimates presume development to the point at which the vaccines can be licensed or
used under emergency use provisions and do not include costs for subsequent manufacturing,
delivery or administration.

3. Mobilizing an additional $2 bn for COVID-19 vaccine development and deployment

Key messages: Closing the USS$2 billion funding gap will require contributions from the public,
philanthropic, and private sectors, including from official development assistance (ODA) and domestic
health investments. All countries are at risk, and must be prepared, which means there is a strong case
for all governments to invest in COVID-19 vaccine development and employment as part of their health
systems preparedness investments. There is also an opportunity to use innovative finance
mechanisms, such as vaccine bonds, advanced market commitments, as well as instruments within the
World Bank’s health portfolio, such as contingent emergency response components. It may be valuable
to match different types of financing instruments with different steps in the vaccine development and
deployment process.

3.1 Public, philanthropic, and private sources

Given the scale of the threat, and the urgent need for additional financing, an “all of the above”
approach is needed to close the funding gap, including new and additional ODA commitments (ODA
should not be diverted or “cannibalized” from other key health investments). Many donors have
already shown their commitments to the COVID-19 vaccine response, including to the WHO’s COVID-
19 appeal. Norway pledged NOK 36 million and the United Kingdom pledged £20m to CEPI for COVID-
19 vaccine development

All governments need to prepare for transmission of the SARS-CoV-2 virus in their countries, and
investment in the development and deployment of a vaccine against COVID-19 is a critical component
of preparedness. Thus alongside new ODA, there is a strong rationale for OECD governments to tap
into the budgets of their health ministries (as part of their health systems investments aimed at
pandemic preparedness) and their ministries of science and technology to fund advanced
development and deployment of a COVID-19 vaccine. For those emerging economies with the means
to do so, there is a similar rationale for these governments to also support the COVID-19 vaccine
funding window.

investment has not gone to waste. It only goes to waste if the particular development program is cancelled
altogether (which it might be if the candidate failed while others succeed).
10



Background paper circulated to participants February 19, 2020

Following the lead of the Bill & Melinda Gates Foundation, which recently committed US$100 million
in response to the epidemic, and the Wellcome Trust, which pledged GBP 10 million, philanthropic
funding can help close the gap.

There is an important role for the private sector, not just in providing in-kind expertise but also as co-
investors—along with the public and philanthropic sectors—in vaccine development and deployment.
As the cascading consequences of the COVID-19 epidemic in China demonstrate, private sector
companies are increasingly dependent on global supply chains (or on parts of the supply chain located
in low-income countries and MICs) and they have a strong economic incentive to invest in the
development of vaccines, in addition to any moral compulsion they may feel.

3.2 Innovative financing approaches

Vaccine bonds: The International Finance Facility for Immunisation (IFFIm) was launched in 2006 to
rapidly accelerate the availability and predictability of funds for immunization. IFFIm uses the financial
markets—through the issuance of bonds—to turn long-term contributions by donor countries into
current, or “frontloaded,” cash. IFFIm supports Gavi’'s vaccine programs and to date has received
legally binding pledges from ten donors totaling about US$6.6 billion spanning 23 years to 2030. The
World Bank is IFFIm’s treasury manager. In June 2019, Norway pledged NOK 600 million (US$66
million) to IFFIm to support CEPI’s vaccine development efforts. IFFIm bonds are therefore an existing
finance model that could be used to help finance the development and deployment of a COVID-19
vaccine. Such IFFIm bonds could be blended with direct contributions from donors.

The Pandemic Emergency Financing Facility (PEF). An alternative bond-based mechanism is the PEF,
launched in July 2017, which includes both a cash window and an insurance window. The PEF is
currently undergoing review, including a review of the activation criteria for the insurance window
(which have been criticized for being too narrow). “PEF 2.0” is due to be launched by May 2020. While
PEF’s cash window could potentially also be used for funding the development and/or manufacturing
and delivery of a pandemic vaccine, this is not an approach that has been fully tried and tested.

Advanced market commitments (AMCs). To de-risk the efforts of manufacturers (described further
in Section 6.1), an AMC could be used. Gavi’s AMC for pneumococcal vaccines, for example,
guarantees the price of vaccines once they have been developed.? Funding commitments by donors
provide vaccine manufacturers with the incentive they need to to expand manufacturing capacity
(there is some debate on whether AMCs could potentially also stimulate R&D). In exchange,
companies sign a legally binding commitment to provide the vaccines at a price affordable to
developing countries in the long term. Another example is the advanced purchase commitment (APC)
between Gavi and Merck. Based on a pre-payment made by Gavi, Merck committed to create a
stockpile of its Ebola vaccine, which is being used in the DRC today.

World Bank instruments. A number of instruments within the World Bank’s health portfolio, such as
contingent emergency response components, could also be leveraged.

3 Though CEP!I itself CEPl would not issue an AMC—it would hand off products ready for stockpiling to other
partners in the ecosystem, such as Gavi.
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3.3 Matching different financing instruments with different steps in vaccine development

Each of the different financing instruments discussed above may be better suited to funding particular
stages of COVID-19 vaccine development. An illustrative schematic of this kind of matching is shown
in Figure 1 on page 2. How to mix and match funding instruments requires further exploration.

4. CEPI as a venue for funding late stage development of COVID-19 vaccines

Key messages: If provided with sufficient resources, CEPI is an existing platform with scientific
expertise and networks that could be leveraged to support and oversee the first three steps in the
COVID-18 vaccine development process: pre-clinical development, clinical development, and “scale
out.” It would not be the right vehicle for funding manufacturing of vaccine for general use or its
delivery, which are outside CEPI’s remit. By using an existing platform as the “add-on” venue for
funding advanced development of COVID-19 vaccines, transaction costs would be lower than
launching a new mechanism. Additional expertise on funding phase Il trials and in tech transfer
through CEPI could be quickly incorporated without large investments. Once this expertise and
funding window for late stage development is in place, the window would be “ready to go” for future
outbreaks. CEPI’s existing equitable access policy appears to be flexible enough to apply to the
expansion of CEPI-funded activities to phase lll trials and beyond and its existing governance
arrangements have flexibility to adapt to the expanded scope of work contemplated by this new
financing window. CEPI is already supported by a World Bank financial intermediary fund (FIF), and
so using this existing FIF to finance advanced development of COVID-19 vaccines would allow for
speed, low transaction costs, flexibility, and global access.

4.1. The advantages of CEPI as a venue for funding late stage development of COVID-19
vaccines

Although CEPl is only three years old (Box 1), it has established expertise in financing the
development of a broad suite of epidemic and pandemic vaccines. It has already shown that it can
very quickly fund COVID-19 vaccine developers and expand the portfolio of candidates under
development. It has strong relationships with key stakeholders in ensuring the late stage
development and deployment of a vaccine, including regulators, WHO, Gavi, the Vaccine Alliance,
industry, academics, and foundations. CEPI has some experience already with funding phase Il trials.
Assuming the collaboration of the private sector partner, CEPI can target its investments to
complement those of governmental institutions such as BARDA that may also be making substantial
investments in COVID-19 vaccine development.

Furthermore, CEPI is supporting rapid response vaccine platform technologies partnerships (e.g. with
Imperial College London, CureVac, and University of Queensland) that could potentially shorten the
time it takes to develop vaccines from years to weeks.

Using CEPI, as an existing institution, for the first three steps in COVID-19 vaccine development
makes strategic sense in terms of speed and keeping transaction costs down. There is existing
expertise and institutional capacity within CEPI that could be further strengthened without large
investments or substantial amounts of time. Once such a window is established, it could be leveraged
for other future outbreaks.
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Box 1: About CEPI

* CEPI's mission is to stimulate and accelerate the development of vaccines against emerging
infectious diseases and enable access to these vaccines for people during outbreaks.

» CEPI was launched in January 2017 at the World Economic Forum in Davos, Switzerland.

* Its current focus is on early development. However, it can fund phase |l trials in certain
circumstances where there is a clear need and when it can mobilize funding (e.g., it will fund |late

stage trials of two Chikungunya candidate vaccines).

= CEPI’s first call for proposals was for the development of vaccines against MERS-CoV, Nipah virus,
and Lassa virus, all of which are on the WHO’s R&D Blueprint list for Action to Prevent Epidemics.
These three pathogens were prioritized “based on a set of criteria including the risk of an outbreak
occurring, transmissibility of the pathogen, burden of disease, and feasibility of vaccine
development.”

* Its second call was for “the development of platforms that can be used for rapid vaccine
development against unknown pathogens.” This call has now been re-opened to invite additional
partners to apply. Of the four COVID-1 vaccine candidates under development funded by CEPI
(Table 1), one was funded from the first call (Inovio, which had a MERS Co-V vaccine in phase |
trials), two were funded from the second call (CureVac and the University of Queensland), and one
was from a new call (Moderna Inc.).

» |ts third call was for the development of vaccines against Chikungunya and Rift Valley fever.

= CEPI has received unrestricted multi-year funding from Norway, Germany, Japan, the United
Kingdom, Canada, Australia, Ethiopia, the Bill & Melinda Gates Foundation, Wellcome, and the
European Commission. It has received restricted multi-year funding from India, a single-year
investment from the government of Belgium, and co-funding from EDCTP. It has reached ~US$
850 million of its USS 1 billion funding target for the period 2017-2021.

4.2. The advantages of using a World Bank financial intermediary fund (FIF)

CEPI is supported by a World Bank FIF. As the beneficiary of a FIF, there would be many advantages
to using CEPI as a vehicle for funding both early and late stage development of COVID-19 vaccines.
Unlike IDA/IBRD, FIFs allow for contributions from non-government stakeholders, such as private
philanthropy or the private sector. FIF recipients are not limited to Bank-eligible countries. The
World Bank’s role in FIFs is flexible: at a minimum, a FIF is a financial pass-through where use of
funds is solely determined by the governing body. The World Bank can also provide program
management functions and implementation support. The governance arrangements and design of
FIFs are also highly flexible. FIFs can disburse funds rapidly.

Core IBRD/IDA programs can accept contributions only from governments, but FIFs can accept
funding from the private sector. FIFs have several other benefits. For example:
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¢ They can channel funding to countries that are not members of the Bank or do not choose to
invest in global public goods. For example, from 2006-2013 the Avian and Human Influenza

Facility raised $126m for avian influenza surveillance and control and allocated some of this
funding to “weak link” countries that were not prioritizing influenza control interventions.

e FIFs are usually able to disburse funds more rapidly than core IBRD/IDA funding mechanisms
because they sidestep traditional bank administrative and operational processes. For
example, unlike in core lending, the bank’s board of executive directors usually are not
required to approve FIF proposals. This ability to harness political momentum has been
crucial in launching many global health programs targeting infectious diseases.

e The narrowly defined goals and measurability of outcomes of projects funded by FIFs make
them attractive to funders.

4.3 A funding vehicle for manufacturing and procurement

CEPI does not have expertise in funding or managing the fourth and fifth steps in vaccine
development (Figure 1), which are outside of its remit. A distinct consortium of public and
philanthropic funders is likely to be needed.

4.4 Breaking the cycles of panic and neglect: towards a sustained funding approach

Establishing the kind of funding approach for development and deployment of COVID-19 vaccines
shown in Figure 1 could be the start of a new, coordinated approach to funding MCMs for epidemic
and pandemics. Once established, this approach could be used for future outbreaks—not just for
vaccines but also diagnostics and therapeutics (antivirals and monoclonals).

The “valley of death” in funding phase lll trials and manufacturing of health tools for controlling EIDs
also applies to neglected diseases more broadly. This new approach for COVID-19 vaccine financing
could be an important step in developing a sustained pooled funding platform for late stage
development and deployment of new technologies to control other EIDs and diseases of poverty. In
other words, this new approach would set a precedent and it would lay the groundwork to fund late
stage development/deployment of technologies to control an array of diseases of poverty.

5. Governance of new COVID-19 vaccine funding channeled through CEPI

Key messages: CEPI’s existing governance arrangements—a Board with 12 voting members that is
guided by a Scientific Advisory Committee (SAC) and a Joint Coordination Group— have flexibility to
adapt to the expanded scope of work contemplated by this new financing for late stage COVID-19
development.

Since its launch, CEPI has announced three calls for proposals (Box 1), and CEPI's Board approves all
funded projects. The Board has 12 voting members (“four investors and eight independent members
representing competencies including industry, global health, science, resource mobilisation,
finance”) and five observers (including WHO and the World Bank). Currently, one third of Board
members are based in low- or middle-income countries. There are four Board committees: Executive
and Investment, Compensation and Nomination, Audit and Risk, and Equitable Access. The Board
receives support and advice from the SAC and a Joint Coordination Group.
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Investor Board members are invited to join CEPI’s Investors Council, which “nominates Investor
representatives to the Board and has some rights including approval of any single investment over

$100 m.” The SAC has 24 voting members and five non-voting members. It provides scientific
support and advice, e.g. it provides scientific guidance on CEPI’s calls for proposals and it
recommends which pathogens should be prioritized for vaccine development. The SAC does not have
decision-making authority over CEPI’s operations. CEPI’s Joint Coordination Group is a “roundtable of
independent institutions with an interest in seeing CEPI’s vaccines successfully developed and

deployed in an outbreak.”

It would be relatively straightforward to modify these arrangements, e.g. by expanding the SAC's
expertise to include experts on late stage trials and manufacturing and potentially adding new
investors to the Investors Council.* CEPI considers the inclusion of strong representation of LICs and
MICs in its development programs essential and such representation should be reflected in any
expanded governance and oversight arrangements related to the management of the COVID-19
portfolio.

6. Addressing challenges in manufacturing, intellectual property, access, and
regulatory approval

Key messages: For the current set of COVID-19 vaccines supported by CEPI funding, none of the
partners has experience in bulk manufacturing and they have not previously licensed a vaccine. For
manufacturing at scale, it is likely that a consortium of manufacturers—including MNCs, CMOs, and
DCVMs—will be needed to produce the large numbers of doses that may be required (e.g. a billion
doses in 12-18 months from now). A new public-private partnership model for bulk manufacturing
of COVID-19 vaccines by such a consortium of manufacturers is likely to be needed. CEPI’s existing
equitable access policy appears to be flexible enough to apply to the expansion of CEPI-funded
activities to phase Il trials and beyond. Regulatory agencies and bodies recognize the urgency of
providing a simplified and expedited, joint regulatory review of COVID-19 MCMs. It will be critical to
avoid a scenario in which high-income country governments enter into bilateral purchase contracts
with manufacturers, thus monopolizing the vaccine. In a pandemic scenario, with waves of COVID-19
over many years, one global access model would be for the vaccine to be procured with public
funding and allocated as close to pro rata as possible to countries.

6.1. Manufacturing the COVID-19 vaccine

In a worst-case scenario, a very large number of COVID-19 vaccine doses will need to be
manufactured in a short time period. Establishing large-scale manufacturing capacity for a
coronavirus vaccine is a key challenge to be overcome. To produce the needed volumes of vaccine, a
large MNC (or several companies) will likely have to be engaged in some way. Yet the large MNCs
are wary of being asked to manufacture epidemic and pandemic vaccines because of the high
opportunity costs (they have to take a commercially successful product off one of their
manufacturing lines); they also fear that tech transfer could lead to them losing commercially

4 CEPI’s Investors Council has made it clear that only investors making unrestricted donations gain full
governance privileges (investors who restrict their donations to do gain such privileges). CEPI could adapt,
however, to provide appropriate transparency and oversight to investors in the COVID-19 vaccine development
effort, perhaps by establishing some kind of “COVID-19 Investors Board,” but this would require discussions
with the CEPI Board.
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valuable IP. Such companies feel “burned by the string of vaccine pleas,” and are unsure that they
can “afford these costly disruptions to their profit-seeking operations.”

However, as discussed below (section 6.2), COVID-19 could end up being an endemic global
pathogen, and in this scenario it could be highly profitable for MNCs to manufacture the vaccine and
sell it using a tiered pricing model. Thus in comparison to other outbreaks, such as Ebola, we may see
MNCs being much more willing to manufacture a vaccine for COVID-18.

There is also vaccine manufacturing capacity in many MICs, such as China and India, and these
companies could be highly incentivized to step up their role. CEPI has recently conducted a global
survey of such capacity. Rapid tech transfer to these companies in MICs for manufacturing is likely to
be part of the solution.

For COVID-19 vaccines under development, CEPI has forged partnerships with biotech companies, a
government scientific agency, and a university. CEP| has entered a partnership with one MNC
already, GSK, to make its adjuvant technology available. However, to ensure the large-scale
production of the vaccine, a new public private partnership model for bulk manufacturing of the
COVID-19 vaccine by a consortium of manufacturers (MNCs, CMQOs, and MICs) will probably be
needed.

6.2 Intellectual property

CEPI outlines its commitment to access in its equitable access policy (Box 2), which can be applied to

ensure global access to a COVID-19 vaccine. CEPI revised its original equitable access policy last year.
The impetus for this change was its desire to provide greater flexibility as to the means of ensuring
equitable access to vaccines and to attract more potential industry partners. Although the
overarching principles of the original equitable access policy remain intact, the new policy takes a
more “principles-based” than “rules-based” approach. This approach allows CEPI to have more
flexibility in negotiations with partners, although the shift has attracted scrutiny from some
stakeholders.

In both the new and the old policy, CEPI does not take ownership over IP. However, it can use its
“step-in rights” to move a candidate forward if the awardee is “unable or unwilling to further vaccine
development and equitable access.” The triggers that would cause such an action are unique to the
negotiated contract for a particular product.

Under the new policy, “stage-gate reviews” are to be used to review compliance with the equitable
access mandate (Box 2) at each major stage of development and testing. If a company cannot keep
its commitment to making a product available or affordable, CEPI could, according to its negotiated
terms, identify a new awardee to which to transfer the IP.

Moving forward, CEPI intends to adapt the terms of negotiation for each call for proposal round.

CEPI's equitable access policy can probably accommodate the unique elements of funding phase lli
trials and manufacturing. Based on CEPI’s existing model, a call for phase 3 COVID-19 testing could
embed its own unique requirements, different from those for other products. The flexibility of CEPI’s
access policy also ensures both CEPI and the awardee are in alignment regarding both the price and
the terms that would be used to activate CEPI’s “step-in rights.”
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Box 2: CEPI’s equitable access policy

Equitable access is at the heart of CEPI’s mandate, and was defined in its 2019 revised equitable
access policy: “Equitable access to epidemic vaccines in the context of an outbreak means that
appropriate vaccines are first available to populations when and where they are needed to end an
outbreak or curtail an epidemic, regardless of ability to pay.” CEPI's approach is grounded in
several guiding principles that allow for flexibility in partner agreements and negotiations, all of
which must meet agreed upon thresholds for ensuring equitable access.

CEPI aims to facilitate equitable access to epidemic and pandemic vaccines by:

“(1) Funding the development of vaccines and maintaining investigational stockpiles, to be used
free of charge when an outbreak occurs

(2) Coordinating with others in the global health community to enable licensure of vaccines
funded by CEPI, including by securing resources for pivotal clinical trials

(3) Collaborating with others in the global health community to ensure the procurement,
allocation, deployment and administration of licensed vaccines to protect global health, at a
price that does not limit equitable access and is sustainable to the manufacturer.”

6.3 Ensuring global access

Affordability and accessibility must be the bedrock of any proposal for a new funding push for COVID-
19 vaccine development. The poor are hit “first and worst” by outbreaks, and any access model that
ends up giving only high-income countries access to the vaccine would clearly be unacceptable. It
will be critical to avoid a scenario in which high-income country governments enter into bilateral
purchase contracts with manufacturers, thus monopolizing the vaccine.

In a pandemic scenario, with waves of COVID-19 over many years, one global access model would be
for the vaccine to be procured with public funding and allocated as close to pro rata as possible to
countries. In this scenario, countries would probably need some additional way to prioritize who
receives the vaccine. The consortium of manufacturers discussed earlier (MNCs, CMOs, and MICs)
would ideally provide a “cost plus” contract (with a small margin) for sales to a global purchasing
agent for a time-limited period; the vaccine would be free at the point of care. If COVID-19 then
transitions to become a globally endemic pathogen, a tiered pricing model could be adopted.

6.4 Expediting regulatory approval

During the 2014-2016 Ebola epidemic in west Africa, there was widespread agreement that a new
mechanism was needed to rapidly agree on trial designs and to collaborate across borders on fast-
track scientific assessment, regulatory approval, and roll-out. For example, the African Vaccine
Regulatory Forum proposed that this mechanism would cover

e “Clear pathways and timelines for expedited ethical and regulatory review of clinical trial
applications and approval of products;

e Agreement on timelines and joint safety and efficacy assessments of the new products to
fast-track national registration;
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¢ Endorsement of a panel of safety experts for expedited review of safety data of new
products with relevant communication to National Regulatory Authorities (NRAs);

e Technical assistance from the World Health Organization (WHO) to facilitate these
processes.”

Regulatory agencies and bodies, including the WHO, US Food and Drug Administration, European
Medicines Agency, and the International Coalition of Medicines Regulatory Authorities, recognize the
urgency of providing a simplified and expedited, joint regulatory review of COVID-19 MCMs. There is
widespread recognition that a “business as usual” approach is not tenable.

7. Conducting late stage trials in the midst of the outbreak

Key messages: International experience of conducting phase Ill trials during epidemics, including
Ebola (Box 3), has highlighted several key lessons and principles that should be adopted by the new
funding window. These lessons relate to issues such as trial design (including the use of adaptive
trials), the ethics of trial conduct, and being sensitive to the needs of communities. In light of the
COVID-19 outbreak, on January 20 2020, the Nuffield Council on Bioethics issued a “Call for Action to
research funders, governments, and others involved in health research systems for a more ethical
and collaborative approach to conducting research during emergencies such as infectious disease
outbreaks.”

Box 3: Conducting trials during outbreaks: what can we learn from the 2014-2016 Ebola
epidemic in West Africa?

By the end of the 2014-2016 Ebola epidemic, more than ten therapeutic trials had been designed
but none had been fully completed. As of 2019, there were 42 ongoing Ebola vaccine trials. For
highly infectious and deadly diseases such as Ebola virus disease and COVID-19, conducting
conventional clinical trials is very challenging. The Merck vaccine rVSV-ZEBOV is currently the only
approved vaccine against Ebola virus; phase | trials started shortly after WHO declared the West
Africa Ebola virus outbreak as a PHEIC, Regulatory approval came five years later. In addition to
the common challenges of time and cost, there are ethical challenges in conducting vaccine trials
in outbreaks. For example, it is difficult to justify processes such as randomization when only some
patients receive a potentially lifesaving intervention. The Ebola trials pointed to the need for
adopting new, more efficient clinical trial designs. One of these designs is an alternative platform
trial using a “response adaptive randomization strategy” that allows for re-allocation of study
participants based on treatment response, as was proposed during the Ebola epidemic.

7.1 Design of trials conducted during emergencies
There are several challenges in conducting clinical trials during epidemics:

e Time to enroll and complete a trial: The duration of an epidemic is unpredictable, and control
efforts are aimed at shortening the duration. Unless trials are started early, these factors
make it difficult for trials to reach a conclusion before the epidemic burns out.

e Enrolling a sufficient number of patients: Clinical trials require minimum sample sizes in

order to be sufficiently powered to make scientific conclusions. Enrolling enough patients is
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often impossible in short-run epidemics. A trial run by Gilead in Wuhan, China, of an
antiretroviral to treat COVID-19 is struggling to recruit patients,

e Capacity for conducting clinical trials: When epidemics occur in low-resource settings, the
capacity to conduct a clinical trial may not exist and researchers do not have the luxury of
time to build capacity before conducting the trial.

e Resources: Large phase lll trials are very costly, which is one rationale for launching a new
funding window.

e Ethical challenges of using investigational new drugs: There are often major arguments about
compassionate use versus waiting for trial results. A WHO advisory panel stated that
compassionate use is “justified as an exceptional emergency measure” but said that it should

not “preclude or delay the initiation of more conclusive investigations of the intervention(s)
in properly designed clinical studies.”

Policymakers face a number of important decisions, including (a) choosing the right candidates
for inclusion in a trial (limited numbers of patients and resources mean that candidate selection
is critical), and (b) choosing the right trial design (some trial designs work better for different
situations). A number of solutions and advances have been developed to help meet these
challenges, e.g.

e Adaptive clinical trials: Adaptive trials, which use “results accumulating in the trial to modify

the trial’s course in accordance with pre-specified rules,” are widely believed to be an
important design advance for future outbreaks. Most evidence to date has been based on
simulation studies, which show that adaptive trials have a higher potential to reach a
decision during the outbreak than regular trials. Nevertheless, adaptive trial designs must
take into account a number of issues (e.g. “whether the adaptation process has led to design,

analysis, or conduct flaws that have introduced bias that increases the chance of a false
conclusion that the treatment is effective”).
e Stepped wedge trials: in such trials, the intervention is introduced by random allocation at

regular intervals to a cluster of participants until all clusters eventually receive the
intervention. This design primarily addresses the ethical challenge of enrolling some affected
populations in trials while excluding others.

e Non-randomized trials: these remain controversial and hard to interpret, but they could
allow trials to be conducted when the capacity to conduct randomized trials is absent.

e Capacity building: An example is the Clinical REsearch During Outbreaks (CREDO) program,
jointly funded/implemented by TDR, the International Severe Acute Respiratory and
Emerging Infections Consortium, and the UK Public Health Rapid Support Team.

7.2 Ethical concerns in conducting trials in an outbreak situation

Too often, the ethical issues involved in conducting trials during epidemics or pandemics—including
those related to community consultation and participation—have not been carefully considered
before trials begin. These issues should not be an “afterthought” but should be front and center of
this new vaccine funding window.

In January 2020, after a two-year study conducted by an international working group, the Nuffield
Council on Bioethics published its report, “Research in global health emergencies: ethical issues.” The
report argued that research in emergencies should be guided by an “ethical compass” comprising
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three key values: equal respect (treating others as moral equals), helping reduce suffering (acting on
duties founded on solidarity and humanity), and fairness (duties of non-non-discrimination and of
“the equitable distribution of benefits and burdens”).

The report makes wide-ranging recommendations to research funders, WHO and other international
agencies, governments, researchers, research ethics committees, and other stakeholders. These are
summarized in a Call for Action (Box 4) that has been endorsed by many research organizations and
international institutions, including the Wellcome Trust, the African Academy of Sciences, and the
International Rescue Committee.

Box 4: Nuffield Council of Bioethics’ Call for Action on the ethical conduct of health
research in emergencies

“We are issuing a call for action to research funders, governments and others to:

e Ensure that research is not supported unless the basic health needs of research
participants are being addressed through the response effort. Research funders will need
to work in partnerships with humanitarian organisations and ministries of health to ensure
this.

e Invest in putting community engagement mechanisms into emergency research to make
them a reality. In the longer term, engagement must be a central part of local healthcare
systems to ensure sustainability and preparedness.

¢ Promote fair and equitable collaborations between research organisations, particularly
between external research institutions and their local partners in high- and low-income
settings.

e Support emergency planning - including securing robust health and health research
systems - given the vital importance of properly resourced preparedness between
emergencies. ”

8. Conclusions

Given the uncertain trajectory of COVID-19, the global health community must prepare for a worst-
case scenario, in which a vaccine will be a critical control tool. While there are several promising
vaccine candidates, these could languish in early stage development unless new funding is mobilized
to fund all stages of COVID-19 vaccine development and to manufacture the large number of doses
that could be needed.

Funding early development through phase 3 trials and “scale-out” under CEPI, an existing platform,
offers the advantages of speed, flexibility, and low transaction costs. Additional capacities required
to support the later stages of development could be quickly added. CEPI’s existing governance
arrangements and equitable access policies could be adapted for phase Ill/manufacturing without
major obstacles. But manufacturing and delivery would require a separate financing mechanism
outside of CEPI; a consortium of public and philanthropic funders is likely to be needed. Different
financing instruments are likely to be better suited to financing different steps in the COVID-19
vaccine development process.
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Ethical conduct of trials, participation of LICs and MICs in governance arrangements, and global
access to the vaccine must all be cornerstones of this new funding approach. Innovations in trial
designs (e.g. adaptive trials) and manufacturing (e.g. modular approaches) and joined-up approaches
to expediting regulatory approval could help to streamline development and deployment of the
vaccine.

A new funding approach for late stage trials and manufacturing of a COVID-19 vaccine could be the
start of a new, coordinated approach to funding MCMs for epidemic and pandemics, one that helps
to break the cycles of panic and neglect. Once established, the approach could be used for future

outbreaks—not just for vaccines but also diagnostics and therapeutics. It could also be an important
step in developing a sustained and consolidated pooled funding platform for late stage development
and deployment of new technologies to control a broad range of diseases, including EIDs and
poverty-related and neglected diseases. Due to the lack of a well-resourced funding mechanism for
late-stage trials, the prospects for developing urgently need control tools for many fatal or disabling
conditions are very poor.

Finally, additional funding is clearly needed for development and deployment of COVID-19 vaccines,
but this effort should be complementary to other fund-raising processes (e.g. the Gavi replenishment
and WHO'’s mobilization of resources for pandemic response and preparedness). Using vaccine bonds
or an IFFIm mechanism for the COVID-19 effort could be one way to take pressure off these other
mobilization efforts. The current crisis is an opportunity for high-level dialogue on ways to reform the
overall financing system and to ensure complementarity of funding efforts.
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In this context, we take this opportunity to share with you pertinent information regarding some
logistics for the meeting; please see below for further details. We note that logistical information is also
provided in the attached document for your convenience.

Please find in the attached a background note as well as the agenda for the meeting.
Finally, we thank all participants who have so far RSVP’d to the meeting. For those who have not yet

RSVP’d, kindly confirm your participation to Ms. Gabrielle Williams, Health, Nutrition and Population
Global Practice, World Bank (wbhealthevents@worldbank.org).

Please do not hesitate to reach out with any questions.
Many thanks,

Gabrielle

WBG Health Team

LOGISTICS NOTE

It is our distinct pleasure to host you on the occasion of Thursday, February 20, 2020 from 9:30am —
1:30pm at the World Bank Headquarters in Washington, DC. Please find in the below pertinent
information regarding logistics (including instructions for connecting remotely as needed):

Venue & Location

The meeting will be held at the World Bank Headquarters (Main Complex) in Washington, DC, USA
(located at 1818 H Street NW, 20433) on the Floor C2, in conference room number MC C2-125. Please
see map below for building location and nearest Metro stations:
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Security Clearance & Building Access

Please enter the building through the WB visitor’s entrance located on the 18, street side of the
building. Please bring a valid form of photo identification, such as a passport or a Government issued
ID. Upon entering, please go through the security checkpoint. A member of our team will be waiting for
you to provide you with your building pass and to escort you to the room. Please note that you will need
to show your building pass every time you enter or exit the building.

Transportation

¢ Arrival in Washington, DC: A one-way taxi fare from Dulles International Airport (IAD) to
downtown Washington, DC costs approximately US$75. The trip takes about 45 minutes
depending on traffic. A one-way taxi fare from Reagan National Airport (DCA) costs
approximately US$25, and the trip takes about 20 minutes.

e To the airport: Taxis are readily available from the World Bank Headquarters or from your hotel,
whichever is most conducive to your travel arrangements.

e For more information on public transportation: please visit WMATA — Metro/Bus/Train
andService Near Me

Coffee & Lunch

¢ Coffee and tea will be available upon arrival
e Lunch will be provided; vegetarian options will be available



Connecting Remotely

For those who will be connecting remotely, please find instructions on how to connect via Webex in the
below:

To join via computer or electronic device:
¢ Kindly select the ‘join meeting’ button below
e Meeting number (access code): ~ (b)(6)
e Meeting password: (b) (6)

To join via phone, please use the following dial-in and access code:
e Dialin: 1-650-479-3207 (Call-in toll number (US/Canada)) or click here for Global call-in numbers
e Meeting number (access code): | (b) (6)

Enguires or questions
If you have any further questions or enquiries regarding the meeting, please do not hesitate to contact
the World Bank Health Team directly at Wbhealthevents@worldbank.org.
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Funding the development and manufacturing of COVID-19 vaccines

Background paper for the World Bank/CEPI financing COVID-19 vaccine development
consultation on February 20, 2020

Authors

A collaborative team of authors from Duke University’s Center for Policy Impact in Global Health
(Gavin Yamey), Open Consultants (Marco Schaferhoff), the World Bank’s Health, Nutrition and
Population Global Practice (Muhammad Pate, Mukesh Chawla, Kent Ranson, and Feng Zhao), and

CEPI (Richard Hatchett, Richard Wilder) wrote this paper. The paper aims to enhance discussions at
the consultation.

Executive summary

»Why do we need a vaccine? The virus that causes COVID-19, the SARS-CoV-2 virus, has quickly
spread worldwide and has the potential to become a pandemic. The WHO has declared COVID-19 to
be a Public Health Emergency of International Concern (PHEIC) and has advised all governments to
prepare for transmission in their countries. There is uncertainty about what will happen next, e.g.,
there could be a pandemic, with multiple waves of COVID-19 over 1-3 years, and/or SARS-CoV-2
could become a globally endemic virus. We need to prepare for a worst-case scenario, in which the
rapid development and scale-up of COVID-19 vaccines is critical to reducing the morbidity, mortality,
and economic damage associated with a pandemic. Were SARS-CoV-2 to become endemic, any
vaccines developed would likely find sustained global demand for their production.

» How much funding do we need and what are the core goals of this funding push? CEPI| has
proposed three core goals for its vaccine development efforts—speed, scale, and access—goals that
will entail large investments in a short time horizon and a high tolerance for risk. CEPI estimates that
the costs of developing one or more vaccines, inclusive of clinical and process development with
scale-up and potential transfer of manufacturing, are likely to be in the range of $S2 billion. It must be
noted that these costs are much lower than the costs of inaction—the economic costs of COVID-19 in
China alone are estimated to be $62 billion in the first quarter of 2020. These cost estimates presume
development to the point at which the vaccines can be licensed or used under emergency use
provisions and do not include costs for subsequent manufacturing, delivery, or administration.

While the urgent need is to develop COVID-19 vaccines, this crisis could potentially also be an
opportunity to begin developing a sustained mechanism to mobilize new financing for development
and product manufacturing for a broad range of emerging infectious diseases (EIDs) and neglected
diseases.

» How could the funding gap for COVID-19 vaccine development and deployment be closed?
Closing the USS$2 billion funding gap will require contributions from the public, philanthropic, and
private sectors. All countries are at risk, and must be prepared, which means there is a strong case
for all governments to invest in COVID-19 vaccine development and deployment as part of their
health systems preparedness investments. There is also an opportunity to use innovative finance
mechanisms, such as vaccine bonds and advanced market commitments, and instruments within the
World Bank’s health portfolio, such as contingent emergency response components. It may be

valuable to match different types of financing instruments with different steps in the vaccine
1
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development and deployment process (Figure 1). For example, vaccine bonds could be used to
finance clinical and process development; official development assistance (ODA) could fund tech
transfer from multinational companies to manufacturers in middle-income countries (MICs),
including capacity building; public funds could be used to procure vaccines as a global public good
(GPG).

3. Scale-out
(tech transfer & 4. Manufacturing 5. Delivery
~ capacity building)

Development 1. Pre-clinical
steps development

Potential financing !
instruments (examples) :

Potential funding !
vehicle !

Figure 1. Schematic of a funding approach to COVID-19 vaccine development (pandemic scenario
with multiple waves of COVID-19 over 1-3 years)

» Why would CEPI be an appropriate venue for a new financing window for the development of
COVID-19 vaccines? If provided with sufficient resources, CEPI is an existing platform with scientific
expertise and networks that could be leveraged to support and oversee the first three steps in the
COVID-19 vaccine development process: pre-clinical development, clinical development, and “scale
out” (i.e. tech transfer and capacity building in MICs). It would not be the right vehicle for funding
manufacturing of vaccine for general use or its delivery, which are outside CEPI’s remit (Figure 1).
CEPI funds the development of vaccines against a range of WHO's Blueprint priority pathogens. By
using an existing platform as the “add-on” venue for funding advanced development of COVID-19
vaccines, transaction costs would be lower than launching a new mechanism. Using CEPI as the
platform would mitigate concerns about fragmentation and “cannibalization” of R&D funding for
EIDs/neglected diseases. Additional expertise on funding phase Il trials and in tech transfer through
CEPI could be quickly incorporated without large investments. Once this expertise and funding
window for late stage development is in place, the window would be “ready to go” for future
outbreaks. Even if the COVID-19 outbreak wanes, opening this new window at CEPI will help to
sustain attention to the importance of epidemic vaccine development. CEPI’s existing equitable
access policy appears to be flexible enough to apply to the expansion of CEPI-funded activities to
phase lll trials and beyond. Similarly, CEPI’s existing governance arrangements have flexibility to
adapt to the expanded scope of work contemplated by this new financing window. CEPI is already
supported by a World Bank financial intermediary fund (FIF), and so using this existing FIF to finance
development of COVID-19 vaccines would allow for speed, low transaction costs, flexibility, and
global access.

» How would manufacturing and delivery of COVID-19 vaccines be funded? The fourth and fifth
steps in the COV-19 vaccine development process—manufacturing and delivery—would require a
separate financing mechanism outside of CEPI. A consortium of public and philanthropic funders is
likely to be needed.

» How would the manufacturing challenges be addressed? For COVID-19 vaccines under
development through CEPI funding, none of the current partners has experience in bulk

2
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manufacturing and they have not previously licensed a vaccine. CEPI is in the process of reviewing
additional proposals and anticipates expanding its portfolio with additional vaccine candidates, and it
is hoped that some of these will be sponsored by experienced manufacturers. For manufacturing at
scale, it is likely that a consortium of manufacturers—including multinational companies (MNCs),
contract manufacturing organizations (CMOs), and developing country vaccine manufacturers
(DCVMs)—will be needed to produce the large numbers of doses that may be required (e.g., a billion
doses 12-18 months from now). A new public-private partnership model for bulk manufacturing of
COVID-19 vaccines by such a consortium of manufacturers is likely to be needed.

» How would regulatory challenges be addressed? Regulatory agencies and bodies, including the
WHO, the US Food and Drug Administration, the European Medicines Agency, and the International
Coalition of Medicines Regulatory Authorities, recognize the urgency of providing a simplified and
expedited, joint regulatory review of COVID-19 MCMs. There is widespread recognition that a
“business as usual” approach is not tenable given the speed at which a pandemic may spread.

» How would global access to COVID-19 vaccines be ensured? Affordability and accessibility must
be the bedrock of any proposal for a new funding push for COVID-19 vaccine development. The poor
are hit “first and worst” by outbreaks, and any access model that ends up giving only high-income
countries access to the vaccine would clearly be unacceptable. It will be critical to avoid a scenario in
which high-income country governments enter into bilateral purchase contracts with manufacturers,
thus monopolizing the vaccine. In a pandemic scenario, with multiple waves of COVID-19 over many
years, one global access model would be for the vaccine to be procured with public funding and
allocated as close to pro rata as possible to countries. In this scenario, countries would probably need
some additional way to prioritize who receives the vaccine. The consortium of manufacturers
discussed earlier (MNCs, CMOs, and DCVMs) would ideally provide a “cost plus” contract (with a
small margin) for sales to a global purchasing agent for a time-limited period; the vaccine would then
be free at the point of care. If COVID-19 then becomes a globally endemic pathogen, successful
vaccines could transition to commercial sales and a tiered pricing model could be adopted.

» How can we ensure that a COVID-19 vaccine funding push does not siphon off funding needed
for other global health priorities? Additional funding is clearly needed for development and
deployment of COVID-19 vaccines, but this effort should be complementary to other fund-raising
processes (e.g., WHO's mobilization of resources for pandemic response and preparedness as well as
the upcoming Gavi replenishment). Using vaccine bonds or an IFFIm mechanism for the COVID-19
effort could be one way to take pressure off these other mobilization efforts. The current crisis is an
opportunity for high-level dialogue on ways to reform the overall financing system and to ensure
complementarity of funding efforts.
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Abbreviations

AMC Advanced Market Commitment

APC Advanced Purchase Commitment

BMGF Bill & Melinda Gates Foundation

CEPI Coalition for Epidemic Preparedness Innovations
CFR Case Fatality Rate

CREDO Clinical REsearch During Outbreaks

DCVMs Developing Country Vaccine Manufacturers
EIDs Emerging Infectious Diseases

EMA European Medicines Agency

FDA United States Food and Drug Administration
FIF Financial Intermediary Fund

GMP Good Manufacturing Practice

GSK GlaxoSmithKline

IAVI International AIDS Vaccine Initiative

IFFlm International Finance Facility for Immunisation
IP Intellectual Property

VI International Vaccine Institute

MCM Medical Countermeasure

MICs Middle-income Countries

MNC Multinational Company

NOK Norwegian Crone

NRAs National Regulatory Authorities

ODA Official Development Assistance

ODI Overseas Development Institute

PATH Program for Appropriate Technology in Health
PEF Pandemic Emergency Financing Facility

PHEIC Public Health Emergency of International Concern
RO Basic Reproductive Number

SAC Scientific Advisory Committee

SARS Severe Acute Respiratory Syndrome

UNICEF United Nations Children's Fund

WHO World Health Organization

Structure of this background paper

This paper is organized into eight sections. Section 1 makes the case for why we urgently need a
COVID-19 vaccine. Section 2 argues that new funding for COVID-19 vaccine development is required
for all development stages and gives estimates of how much funding is needed. Section 3 examines
ways to mobilize such funding. Section 4 explores potential funding vehicles. It makes the case that
CEPI is well placed to be the vehicle for funding pre-clinical development, clinical development, and
“scale out,” but that a different vehicle would be needed for funding manufacturing and delivery.
Section 5 discusses governance of a CEPI funding window for development of COVID-19 vaccines.
Section 6 highlights vaccine manufacturing, IP, global access, and regulatory approval, and Section 7
highlights issues (including ethical considerations) in conducting trials in the midst of the COVID-19
outbreak. Section 8 briefly summarizes our main conclusions.
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1. Introduction: the urgent need to develop and manufacture COVID-19 vaccines

Key messages: The virus that causes COVID-19, the SARS-CoV-2 virus, has quickly spread worldwide
and has the potential to become a pandemic. The WHO has declared COVID-19 to be a Public Helath
Emergency of International Concern (PHEIC) and has advised all governments to prepare for
transmission in their countries. There is uncertainty about what will happen next, e.g., there could be
a pandemic, with multiple waves of COVID-19 over 1-3 years and/or SARS-CoV-2 could become a
globally endemic virus. We need to prepare for a worst-case scenario, in which the rapid
development and scale-up of COVID-19 vaccines is critical to reducing the morbidity, mortality, and
economic damage associated with a pandemic. Were SARS-CoV-2 to become endemic, any vaccines
developed would likely find sustained global demand for their production. While the costs of
development may be high (CEPI estimates the costs of clinical development and “scale-out” alone as
up to $2 billion), the costs of inaction are much larger (the economic costs of COVID-19 in China
alone are estimated to be $62 billion in the first quarter of 2020).

1.1 Current status of COVID-19

As of February 19 2020 at 16.00 (CET), the WHO reports that there have been 75,285 laboratory-
confirmed cases of COVID-19 infection in 26 countries and 2,009 deaths. In comparison, there were
774 reported deaths from the 2003 SARS outbreak. China’s National Health Commission reports that
1,716 health workers have been infected.

An initial assessment of the outbreak by Li and colleagues estimated that in the early phase of the
COVID-19 outbreak in China, the epidemic doubled in size every 7.4 days and the basic reproductive
number (RO) was 2.2. It has been challenging to accurately track the spread, because of factors such
as the lack of rapid diagnostic tests and the mildness of the symptoms in some infected people.

The case fatality rate (CFR) has been the subject of much debate. The CFR for cases outside China is
estimated to be 2.2% (95% confidence interval, 0.6%-5.8%). The first clinical study of COVID-19 in
patients in Wuhan reported a much higher CFR, of about 15%, though this estimate may be prone to

detection bias. Hospitalized patients in Wuhan have a high rate of transfer to the intensive care unit:
a study by Wang and colleagues of 138 hospitalized patients found that 36 patients (26.1%) were
transferred to the intensive care unit because of complications. There is no specific treatment,
though a large number of treatment trials are now underway; the WHO estimates that there are 82

trials of various MCMs (including of antiretrovirals and traditional Chinese medicines) being
conducted in China.

1.2 Potential future scenarios

The likely pattern of global spread is debated and is highly uncertain. For example, modeling by Ira
Longini, co-director of the Center for Statistics and Quantitative Infectious Diseases at the University
of Florida, an adviser to the WHO, suggests that up to two-thirds of the world could become infected.
But other modelers argue this is a worst-case scenario, which even if true would be mitigated by the
many people who would be minimally or mildly symptomatic. Models and estimates will be refined
as new information becomes available.

A study by Wu and colleagues using flight data suggested that Beijing, Shanghai, Guangzhou, and
Shenzhen are all at risk of substantial numbers of cases, and that “independent self-sustaining
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outbreaks in major cities globally could become inevitable because of substantial exportation of pre-
symptomatic cases.” Bogoch and colleagues project a high risk of spread from the Chinese mainland
to Taipei, Bangkok, Tokyo, Seoul, Singapore, London, Sydney, Los Angeles, New York, Paris, San
Francisco, Moscow, and Cairo. Efforts to contain the virus have clearly slowed its transmission, but
at extraordinary cost, and it is unclear how long the quarantines and other measures employed can
be maintained. While containment efforts continue for the time being, many experts now doubt that
eradication can be achieved.

In addition to the possibility of multiple waves of COVID-19, there is also a possibility that COVID-19
becomes a globally endemic virus. Given this range of potential scenarios—a global pandemic,
independent self-sustaining epidemics, or a globally endemic pathogen—vaccine development has
become an urgent priority.

1.3 Economic consequences of inaction

In addition to their major health consequences, previous epidemics and pandemics have also been
associated with large economic losses:

e The global economic loss from SARS in 2003 was US$52.2 billion (more than USS$6 million per
case)

e The 2014-2016 Ebola outbreak led to a direct loss of US52.8 billion across Guinea, Liberia,
and Sierra Leone and an estimated global social and economic burden in excess of US$53
billion (more than $1.8 million per case)

e The 2015 MERS epidemic in South Korea was estimated at the time to have resulted in
economic losses approaching US$10 billion (more than $50 million a case)

e The 2015-2016 Zika outbreak led to an estimated loss of US$3.5 billion in the Latin American
and Caribbean region.

If the COVID-19 outbreak continues on its current trajectory, China is expected to lose up to 562
billion in the first quarter of 2020. The global loss is estimated to be $280 billion within the same
period. Oxford Economics predicts that China’s economic growth in the first quarter of 2020 will be
4% lower than in the first quarter of 2019. It also expects the global economy to grow by 0.2
percentage points less as a result of COVID-19. The anticipated economic losses are another reason
why vaccine development is so urgent.

The Overseas Development Institute (ODI) developed a “vulnerability index” to estimate which
countries are likely to be the most economically vulnerable to COVID-19. Based on countries’ likely
exposure to COVID-19 and their poor preparedness to address the economic impacts, the index
predicts that the most vulnerable countries in economic terms are Sri Lanka, the Philippines, and
Vietnam, followed by Kazakhstan, Kenya, Cambodia, and Nepal.

2. Why funding is needed for the development of COVID-19 vaccines

Key messages: CEPI has proposed three core goals for its vaccine development efforts—speed,
scale, and access—goals that will entail large investments in a short time horizon and a high
tolerance for risk. CEPI estimates that the costs of developing one or more vaccines, inclusive of
clinical and process development with scale-up and potential transfer of manufacturing, are likely to
be in the range of $2 billion. These cost estimates presume development to the point at which the

6
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vaccines can be licensed or used under emergency use provisions and do not include costs for
subsequent manufacturing, delivery or administration.

Funding is needed for all stages of COVID-19 vaccine development. The first 5$100M that CEPI is
spending has come from unprogrammed funds already allocated to other projects (CEPI does not
have an emergency response lockbox), so this funding also needs to be recouped.

While the urgent need is to develop COVID-19 vaccines, this crisis could potentially also be an
opportunity to begin developing a sustained mechanism to maobilize new financing for development
and product manufacturing for a broad range of EIDs and neglected diseases.

2.1 The valley of death in funding late stage development for EIDs and neglected diseases

Research led by the Center for Policy Impact in Global Health at Duke University has illustrated a
valley of death in the development of technologies to control both EIDs and neglected diseases.
There is a large drop-off in the pipeline of candidates from phase Il to Ill, which partly reflects the
very high costs of phase lll trials. For example, as of August 31, 2017, just 38 out of the 538
candidates (7%) in the pipeline for neglected diseases were in phase lll.

At baseline, there is currently too little funding for late-stage trials, there are too few funders, and
the financing is highly fragmented, creating inefficiencies. The result is that for many fatal or
disabling conditions, the prospects for developing urgently needed control tools are very poor.

For vaccine development specifically, Rappuoli and colleagues have recently shown the high costs of
late stage trials (Figure 2). While there have been improvements in early stage development, thanks
to investments by the Bill & Melinda Gates Foundation, CEPI, PATH, and others, “these
improvements in the early development process have revealed a new, and possibly more perilous,
Valley of Death in the late vaccine development phase.” Late development is responsible for about
70% of total development costs. There is a major gap in the financing architecture for such late
development (Figure 2 shows this gap, which is denoted by “?”). The large costs and time
commitments are explained by the need to (a) produce vaccine candidates according to good
manufacturing practice (GMP) standards in purpose-built production facilities, (b) conduct large-scale
phase Ill trials, (c) submit data to regulators, and (d) conduct post-marketing surveillance. Although
not shown in the figure, phase IV costs can also be substantial.

As described below, there are a number of promising COVID-19 vaccines in early development.
However, unless dedicated funding is mobilized to fund this development, and then for late stage
trials and manufacturing, these candidates will never be developed and deployed. As mentioned,
CEPI has no emergency funds set aside, and so all stages of COVID-19 vaccine development need
emergency funding.

While the acute, urgent focus is on funding for COVID-19 vaccine development, the current crisis
reveals once again that we need to mobilize new financing, especially for phases Ill and
manufacturing, for a broad range of health technologies for both EIDs and neglected diseases.
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Figure 2. Stages of vaccine development and delivery

The figure shows three stages of vaccine development: discovery (10% of the R&D budget), early development
(20% of the budget), and late development (70% of the budget). Under the graph are the funders and
stakeholders involved at each step. A major gap can be seen in the financing architecture for late development
(denoted by “?”). Figure adapted from a figure in: Rappuoli R, et al. Vaccines and global health: In search of a
sustainable model for vaccine development and delivery. Sci Trans! Med. 2019 Jun 19;11(497).}

2.2 Status of current COVID-19 vaccines

CEPI is currently funding four candidates through Phase 1, all of which are still in pre-clinical
development (Table 1). The platforms supporting these candidates are also being used to develop
vaccines for other indications, several of which have reached clinical trials. CEPI recently issued a new
call for proposals (the deadline was February 14, 2020), with the aim of expanding the portfolio to a
total of 6-8 candidates. The portfolio needs such expansion, given (i) standard attrition rates during
development, and (ii) the fact that the current CEPI-funded development efforts involve partners
that do not have the production facilities to make a commercial product in bulk at a scale
commensurate with the needs in a pandemic. While all are using innovative techniques to fast track
vaccine candidate development, none have licensed a vaccine. Thus, there are substantial barriers
ahead with respect to manufacturing and licensure (see below).

1 Abbreviations: BMGF: Bill & Melinda Gates Foundation; CEPI: Coalition for Epidemic Preparedness Innovations; Gavi: Gavi,
the Vaccine Alliance; GSK: GlaxoSmithKline; IAVI: International AIDS Vaccine Initiative; IVI: International Vaccine
Institute; PATH: Program for Appropriate Technology in Health; UNICEF: United Nations Children's Fund; WHO, World
Health Organization
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There are reports of other COVID-19 vaccines being developed, including through a collaboration
between Johnson & Johnson and BARDA, a collaboration between Sanofi and BARDA, and by Chinese
government research organizations through funding by Jack Ma, Alibaba’s founder.

COVID-19 vaccine candidates could potentially be ready for clinical trials in the next few months, and
investments in process development and scale up of manufacturing could begin immediately, albeit
at risk—hence the urgency to mobilize financing immediately.

Table 1. The four COVID-19 candidate vaccines funded by CEPI as of February 19, 2020

COVID-19 vaccine candidate Developer Funding from CEPI for COVID-
19 vaccine development

INO-4800 Inovio pharmaceuticals USS 8.9 million

Protein sub-unit (molecular- University of Queensland Up to USS 4.5 million
clamp vaccine platform)

mRNA based vaccine CureVac USS 8.4 million
mRNA based vaccine (mRNA- Moderna Inc. in partnership USS 0.9 million for
1273) with NIAID manufacturing (clinical trial

costs covered by NIAID)

2.3 Costs to develop and deploy a COVID-19 vaccine

Key message: Up to $2bn is needed to accelerate the development of, scale up, and prepare to roll
out vaccines against COVID-19.

On February 14, 2020, CEPI provided a background paper called “Investment Case: Rapid Vaccine
Development for COVID-19,” which it shared with us for the development of this paper. CEPI
estimates that:

e Upto $2bnis needed to “accelerate the development of, scale up, and prepare to roll out
vaccines against 2019-nCoV [now called COVID-19]

e The best-case scenario would see vaccines that could potentially be deployed, whether as a
licensed product or under appropriate ‘emergency use provisions’ within 12-18 months.”

The $2bn estimate is based on the following:

e “Funding for an initial 8 vaccine candidates from preclinical through phase I, with clinical
development cost up to $10m for each.

e Support for scale up, process development and manufacturing, at risk,? while candidates are
in phase 1. Such investment will allow for the rapid initiation of phase 2/3 trials. The

2 “At risk” in this context means beginning the investment in process development and scale-up without even

knowing whether the vaccine candidate works. The process development and scale-up, in theory, are agnostic

of the vaccine candidate, so that if a particular candidate failed and a new construct has to be developed, the
9
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assumption is that initial investments would be required in all 8 candidates for an average of
close to $70m for each of those candidates.

e CEPI progresses 6 vaccine candidates through phase II/11l, with clinical development costs up
to $150m each including Clinical Trial Material cost.

e |f CEPI were to progress 3 vaccine candidates to full licensure there would be additional costs
of up to $100m per candidate.”

CEPI cautions that these are indicative budget estimates based on professional judgment and do not
reflect specific budgets from the current set of performers.

These cost estimates presume development to the point at which the vaccines can be licensed or
used under emergency use provisions and do not include costs for subsequent manufacturing,
delivery or administration.

3. Mobilizing an additional $2 bn for COVID-19 vaccine development and deployment

Key messages: Closing the USS$2 billion funding gap will require contributions from the public,
philanthropic, and private sectors, including from official development assistance (ODA) and domestic
health investments. All countries are at risk, and must be prepared, which means there is a strong case
for all governments to invest in COVID-19 vaccine development and employment as part of their health
systems preparedness investments. There is also an opportunity to use innovative finance
mechanisms, such as vaccine bonds, advanced market commitments, as well as instruments within the
World Bank’s health portfolio, such as contingent emergency response components. It may be valuable
to match different types of financing instruments with different steps in the vaccine development and
deployment process.

3.1 Public, philanthropic, and private sources

Given the scale of the threat, and the urgent need for additional financing, an “all of the above”
approach is needed to close the funding gap, including new and additional ODA commitments (ODA
should not be diverted or “cannibalized” from other key health investments). Many donors have
already shown their commitments to the COVID-19 vaccine response, including to the WHO’s COVID-
19 appeal. Norway pledged NOK 36 million and the United Kingdom pledged £20m to CEPI for COVID-
19 vaccine development

All governments need to prepare for transmission of the SARS-CoV-2 virus in their countries, and
investment in the development and deployment of a vaccine against COVID-19 is a critical component
of preparedness. Thus alongside new ODA, there is a strong rationale for OECD governments to tap
into the budgets of their health ministries (as part of their health systems investments aimed at
pandemic preparedness) and their ministries of science and technology to fund advanced
development and deployment of a COVID-19 vaccine. For those emerging economies with the means
to do so, there is a similar rationale for these governments to also support the COVID-19 vaccine
funding window.

investment has not gone to waste. It only goes to waste if the particular development program is cancelled
altogether (which it might be if the candidate failed while others succeed).
10
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Following the lead of the Bill & Melinda Gates Foundation, which recently committed US$100 million
in response to the epidemic, and the Wellcome Trust, which pledged GBP 10 million, philanthropic
funding can help close the gap.

There is an important role for the private sector, not just in providing in-kind expertise but also as co-
investors—along with the public and philanthropic sectors—in vaccine development and deployment.
As the cascading consequences of the COVID-19 epidemic in China demonstrate, private sector
companies are increasingly dependent on global supply chains (or on parts of the supply chain located
in low-income countries and MICs) and they have a strong economic incentive to invest in the
development of vaccines, in addition to any moral compulsion they may feel.

3.2 Innovative financing approaches

Vaccine bonds: The International Finance Facility for Immunisation (IFFIm) was launched in 2006 to
rapidly accelerate the availability and predictability of funds for immunization. IFFIm uses the financial
markets—through the issuance of bonds—to turn long-term contributions by donor countries into
current, or “frontloaded,” cash. IFFIm supports Gavi’'s vaccine programs and to date has received
legally binding pledges from ten donors totaling about US$6.6 billion spanning 23 years to 2030. The
World Bank is IFFIm’s treasury manager. In June 2019, Norway pledged NOK 600 million (US$66
million) to IFFIm to support CEPI’s vaccine development efforts. IFFIm bonds are therefore an existing
finance model that could be used to help finance the development and deployment of a COVID-19
vaccine. Such IFFIm bonds could be blended with direct contributions from donors.

The Pandemic Emergency Financing Facility (PEF). An alternative bond-based mechanism is the PEF,
launched in July 2017, which includes both a cash window and an insurance window. The PEF is
currently undergoing review, including a review of the activation criteria for the insurance window
(which have been criticized for being too narrow). “PEF 2.0” is due to be launched by May 2020. While
PEF’s cash window could potentially also be used for funding the development and/or manufacturing
and delivery of a pandemic vaccine, this is not an approach that has been fully tried and tested.

Advanced market commitments (AMCs). To de-risk the efforts of manufacturers (described further
in Section 6.1), an AMC could be used. Gavi’s AMC for pneumococcal vaccines, for example,
guarantees the price of vaccines once they have been developed.? Funding commitments by donors
provide vaccine manufacturers with the incentive they need to to expand manufacturing capacity
(there is some debate on whether AMCs could potentially also stimulate R&D). In exchange,
companies sign a legally binding commitment to provide the vaccines at a price affordable to
developing countries in the long term. Another example is the advanced purchase commitment (APC)
between Gavi and Merck. Based on a pre-payment made by Gavi, Merck committed to create a
stockpile of its Ebola vaccine, which is being used in the DRC today.

World Bank instruments. A number of instruments within the World Bank’s health portfolio, such as
contingent emergency response components, could also be leveraged.

3 Though CEP!I itself CEPl would not issue an AMC—it would hand off products ready for stockpiling to other
partners in the ecosystem, such as Gavi.
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3.3 Matching different financing instruments with different steps in vaccine development

Each of the different financing instruments discussed above may be better suited to funding particular
stages of COVID-19 vaccine development. An illustrative schematic of this kind of matching is shown
in Figure 1 on page 2. How to mix and match funding instruments requires further exploration.

4. CEPI as a venue for funding late stage development of COVID-19 vaccines

Key messages: If provided with sufficient resources, CEPI is an existing platform with scientific
expertise and networks that could be leveraged to support and oversee the first three steps in the
COVID-18 vaccine development process: pre-clinical development, clinical development, and “scale
out.” It would not be the right vehicle for funding manufacturing of vaccine for general use or its
delivery, which are outside CEPI’s remit. By using an existing platform as the “add-on” venue for
funding advanced development of COVID-19 vaccines, transaction costs would be lower than
launching a new mechanism. Additional expertise on funding phase Il trials and in tech transfer
through CEPI could be quickly incorporated without large investments. Once this expertise and
funding window for late stage development is in place, the window would be “ready to go” for future
outbreaks. CEPI’s existing equitable access policy appears to be flexible enough to apply to the
expansion of CEPI-funded activities to phase lll trials and beyond and its existing governance
arrangements have flexibility to adapt to the expanded scope of work contemplated by this new
financing window. CEPI is already supported by a World Bank financial intermediary fund (FIF), and
so using this existing FIF to finance advanced development of COVID-19 vaccines would allow for
speed, low transaction costs, flexibility, and global access.

4.1. The advantages of CEPI as a venue for funding late stage development of COVID-19
vaccines

Although CEPl is only three years old (Box 1), it has established expertise in financing the
development of a broad suite of epidemic and pandemic vaccines. It has already shown that it can
very quickly fund COVID-19 vaccine developers and expand the portfolio of candidates under
development. It has strong relationships with key stakeholders in ensuring the late stage
development and deployment of a vaccine, including regulators, WHO, Gavi, the Vaccine Alliance,
industry, academics, and foundations. CEPI has some experience already with funding phase Il trials.
Assuming the collaboration of the private sector partner, CEPI can target its investments to
complement those of governmental institutions such as BARDA that may also be making substantial
investments in COVID-19 vaccine development.

Furthermore, CEPI is supporting rapid response vaccine platform technologies partnerships (e.g. with
Imperial College London, CureVac, and University of Queensland) that could potentially shorten the
time it takes to develop vaccines from years to weeks.

Using CEPI, as an existing institution, for the first three steps in COVID-19 vaccine development
makes strategic sense in terms of speed and keeping transaction costs down. There is existing
expertise and institutional capacity within CEPI that could be further strengthened without large
investments or substantial amounts of time. Once such a window is established, it could be leveraged
for other future outbreaks.
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Box 1: About CEPI

* CEPI's mission is to stimulate and accelerate the development of vaccines against emerging
infectious diseases and enable access to these vaccines for people during outbreaks.

» CEPI was launched in January 2017 at the World Economic Forum in Davos, Switzerland.

* Its current focus is on early development. However, it can fund phase |l trials in certain
circumstances where there is a clear need and when it can mobilize funding (e.g., it will fund |late

stage trials of two Chikungunya candidate vaccines).

= CEPI’s first call for proposals was for the development of vaccines against MERS-CoV, Nipah virus,
and Lassa virus, all of which are on the WHO’s R&D Blueprint list for Action to Prevent Epidemics.
These three pathogens were prioritized “based on a set of criteria including the risk of an outbreak
occurring, transmissibility of the pathogen, burden of disease, and feasibility of vaccine
development.”

* Its second call was for “the development of platforms that can be used for rapid vaccine
development against unknown pathogens.” This call has now been re-opened to invite additional
partners to apply. Of the four COVID-1 vaccine candidates under development funded by CEPI
(Table 1), one was funded from the first call (Inovio, which had a MERS Co-V vaccine in phase |
trials), two were funded from the second call (CureVac and the University of Queensland), and one
was from a new call (Moderna Inc.).

» |ts third call was for the development of vaccines against Chikungunya and Rift Valley fever.

= CEPI has received unrestricted multi-year funding from Norway, Germany, Japan, the United
Kingdom, Canada, Australia, Ethiopia, the Bill & Melinda Gates Foundation, Wellcome, and the
European Commission. It has received restricted multi-year funding from India, a single-year
investment from the government of Belgium, and co-funding from EDCTP. It has reached ~US$
850 million of its USS 1 billion funding target for the period 2017-2021.

4.2. The advantages of using a World Bank financial intermediary fund (FIF)

CEPI is supported by a World Bank FIF. As the beneficiary of a FIF, there would be many advantages
to using CEPI as a vehicle for funding both early and late stage development of COVID-19 vaccines.
Unlike IDA/IBRD, FIFs allow for contributions from non-government stakeholders, such as private
philanthropy or the private sector. FIF recipients are not limited to Bank-eligible countries. The
World Bank’s role in FIFs is flexible: at a minimum, a FIF is a financial pass-through where use of
funds is solely determined by the governing body. The World Bank can also provide program
management functions and implementation support. The governance arrangements and design of
FIFs are also highly flexible. FIFs can disburse funds rapidly.

Core IBRD/IDA programs can accept contributions only from governments, but FIFs can accept
funding from the private sector. FIFs have several other benefits. For example:
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¢ They can channel funding to countries that are not members of the Bank or do not choose to
invest in global public goods. For example, from 2006-2013 the Avian and Human Influenza

Facility raised $126m for avian influenza surveillance and control and allocated some of this
funding to “weak link” countries that were not prioritizing influenza control interventions.

e FIFs are usually able to disburse funds more rapidly than core IBRD/IDA funding mechanisms
because they sidestep traditional bank administrative and operational processes. For
example, unlike in core lending, the bank’s board of executive directors usually are not
required to approve FIF proposals. This ability to harness political momentum has been
crucial in launching many global health programs targeting infectious diseases.

e The narrowly defined goals and measurability of outcomes of projects funded by FIFs make
them attractive to funders.

4.3 A funding vehicle for manufacturing and procurement

CEPI does not have expertise in funding or managing the fourth and fifth steps in vaccine
development (Figure 1), which are outside of its remit. A distinct consortium of public and
philanthropic funders is likely to be needed.

4.4 Breaking the cycles of panic and neglect: towards a sustained funding approach

Establishing the kind of funding approach for development and deployment of COVID-19 vaccines
shown in Figure 1 could be the start of a new, coordinated approach to funding MCMs for epidemic
and pandemics. Once established, this approach could be used for future outbreaks—not just for
vaccines but also diagnostics and therapeutics (antivirals and monoclonals).

The “valley of death” in funding phase lll trials and manufacturing of health tools for controlling EIDs
also applies to neglected diseases more broadly. This new approach for COVID-19 vaccine financing
could be an important step in developing a sustained pooled funding platform for late stage
development and deployment of new technologies to control other EIDs and diseases of poverty. In
other words, this new approach would set a precedent and it would lay the groundwork to fund late
stage development/deployment of technologies to control an array of diseases of poverty.

5. Governance of new COVID-19 vaccine funding channeled through CEPI

Key messages: CEPI’s existing governance arrangements—a Board with 12 voting members that is
guided by a Scientific Advisory Committee (SAC) and a Joint Coordination Group— have flexibility to
adapt to the expanded scope of work contemplated by this new financing for late stage COVID-19
development.

Since its launch, CEPI has announced three calls for proposals (Box 1), and CEPI's Board approves all
funded projects. The Board has 12 voting members (“four investors and eight independent members
representing competencies including industry, global health, science, resource mobilisation,
finance”) and five observers (including WHO and the World Bank). Currently, one third of Board
members are based in low- or middle-income countries. There are four Board committees: Executive
and Investment, Compensation and Nomination, Audit and Risk, and Equitable Access. The Board
receives support and advice from the SAC and a Joint Coordination Group.
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Investor Board members are invited to join CEPI’s Investors Council, which “nominates Investor
representatives to the Board and has some rights including approval of any single investment over

$100 m.” The SAC has 24 voting members and five non-voting members. It provides scientific
support and advice, e.g. it provides scientific guidance on CEPI’s calls for proposals and it
recommends which pathogens should be prioritized for vaccine development. The SAC does not have
decision-making authority over CEPI’s operations. CEPI’s Joint Coordination Group is a “roundtable of
independent institutions with an interest in seeing CEPI’s vaccines successfully developed and

deployed in an outbreak.”

It would be relatively straightforward to modify these arrangements, e.g. by expanding the SAC's
expertise to include experts on late stage trials and manufacturing and potentially adding new
investors to the Investors Council.* CEPI considers the inclusion of strong representation of LICs and
MICs in its development programs essential and such representation should be reflected in any
expanded governance and oversight arrangements related to the management of the COVID-19
portfolio.

6. Addressing challenges in manufacturing, intellectual property, access, and
regulatory approval

Key messages: For the current set of COVID-19 vaccines supported by CEPI funding, none of the
partners has experience in bulk manufacturing and they have not previously licensed a vaccine. For
manufacturing at scale, it is likely that a consortium of manufacturers—including MNCs, CMOs, and
DCVMs—will be needed to produce the large numbers of doses that may be required (e.g. a billion
doses in 12-18 months from now). A new public-private partnership model for bulk manufacturing
of COVID-19 vaccines by such a consortium of manufacturers is likely to be needed. CEPI’s existing
equitable access policy appears to be flexible enough to apply to the expansion of CEPI-funded
activities to phase Il trials and beyond. Regulatory agencies and bodies recognize the urgency of
providing a simplified and expedited, joint regulatory review of COVID-19 MCMs. It will be critical to
avoid a scenario in which high-income country governments enter into bilateral purchase contracts
with manufacturers, thus monopolizing the vaccine. In a pandemic scenario, with waves of COVID-19
over many years, one global access model would be for the vaccine to be procured with public
funding and allocated as close to pro rata as possible to countries.

6.1. Manufacturing the COVID-19 vaccine

In a worst-case scenario, a very large number of COVID-19 vaccine doses will need to be
manufactured in a short time period. Establishing large-scale manufacturing capacity for a
coronavirus vaccine is a key challenge to be overcome. To produce the needed volumes of vaccine, a
large MNC (or several companies) will likely have to be engaged in some way. Yet the large MNCs
are wary of being asked to manufacture epidemic and pandemic vaccines because of the high
opportunity costs (they have to take a commercially successful product off one of their
manufacturing lines); they also fear that tech transfer could lead to them losing commercially

4 CEPI’s Investors Council has made it clear that only investors making unrestricted donations gain full
governance privileges (investors who restrict their donations to do gain such privileges). CEPI could adapt,
however, to provide appropriate transparency and oversight to investors in the COVID-19 vaccine development
effort, perhaps by establishing some kind of “COVID-19 Investors Board,” but this would require discussions
with the CEPI Board.
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valuable IP. Such companies feel “burned by the string of vaccine pleas,” and are unsure that they
can “afford these costly disruptions to their profit-seeking operations.”

However, as discussed below (section 6.2), COVID-19 could end up being an endemic global
pathogen, and in this scenario it could be highly profitable for MNCs to manufacture the vaccine and
sell it using a tiered pricing model. Thus in comparison to other outbreaks, such as Ebola, we may see
MNCs being much more willing to manufacture a vaccine for COVID-18.

There is also vaccine manufacturing capacity in many MICs, such as China and India, and these
companies could be highly incentivized to step up their role. CEPI has recently conducted a global
survey of such capacity. Rapid tech transfer to these companies in MICs for manufacturing is likely to
be part of the solution.

For COVID-19 vaccines under development, CEPI has forged partnerships with biotech companies, a
government scientific agency, and a university. CEP| has entered a partnership with one MNC
already, GSK, to make its adjuvant technology available. However, to ensure the large-scale
production of the vaccine, a new public private partnership model for bulk manufacturing of the
COVID-19 vaccine by a consortium of manufacturers (MNCs, CMQOs, and MICs) will probably be
needed.

6.2 Intellectual property

CEPI outlines its commitment to access in its equitable access policy (Box 2), which can be applied to

ensure global access to a COVID-19 vaccine. CEPI revised its original equitable access policy last year.
The impetus for this change was its desire to provide greater flexibility as to the means of ensuring
equitable access to vaccines and to attract more potential industry partners. Although the
overarching principles of the original equitable access policy remain intact, the new policy takes a
more “principles-based” than “rules-based” approach. This approach allows CEPI to have more
flexibility in negotiations with partners, although the shift has attracted scrutiny from some
stakeholders.

In both the new and the old policy, CEPI does not take ownership over IP. However, it can use its
“step-in rights” to move a candidate forward if the awardee is “unable or unwilling to further vaccine
development and equitable access.” The triggers that would cause such an action are unique to the
negotiated contract for a particular product.

Under the new policy, “stage-gate reviews” are to be used to review compliance with the equitable
access mandate (Box 2) at each major stage of development and testing. If a company cannot keep
its commitment to making a product available or affordable, CEPI could, according to its negotiated
terms, identify a new awardee to which to transfer the IP.

Moving forward, CEPI intends to adapt the terms of negotiation for each call for proposal round.

CEPI's equitable access policy can probably accommodate the unique elements of funding phase lli
trials and manufacturing. Based on CEPI’s existing model, a call for phase 3 COVID-19 testing could
embed its own unique requirements, different from those for other products. The flexibility of CEPI’s
access policy also ensures both CEPI and the awardee are in alignment regarding both the price and
the terms that would be used to activate CEPI’s “step-in rights.”
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Box 2: CEPI’s equitable access policy

Equitable access is at the heart of CEPI’s mandate, and was defined in its 2019 revised equitable
access policy: “Equitable access to epidemic vaccines in the context of an outbreak means that
appropriate vaccines are first available to populations when and where they are needed to end an
outbreak or curtail an epidemic, regardless of ability to pay.” CEPI's approach is grounded in
several guiding principles that allow for flexibility in partner agreements and negotiations, all of
which must meet agreed upon thresholds for ensuring equitable access.

CEPI aims to facilitate equitable access to epidemic and pandemic vaccines by:

“(1) Funding the development of vaccines and maintaining investigational stockpiles, to be used
free of charge when an outbreak occurs

(2) Coordinating with others in the global health community to enable licensure of vaccines
funded by CEPI, including by securing resources for pivotal clinical trials

(3) Collaborating with others in the global health community to ensure the procurement,
allocation, deployment and administration of licensed vaccines to protect global health, at a
price that does not limit equitable access and is sustainable to the manufacturer.”

6.3 Ensuring global access

Affordability and accessibility must be the bedrock of any proposal for a new funding push for COVID-
19 vaccine development. The poor are hit “first and worst” by outbreaks, and any access model that
ends up giving only high-income countries access to the vaccine would clearly be unacceptable. It
will be critical to avoid a scenario in which high-income country governments enter into bilateral
purchase contracts with manufacturers, thus monopolizing the vaccine.

In a pandemic scenario, with waves of COVID-19 over many years, one global access model would be
for the vaccine to be procured with public funding and allocated as close to pro rata as possible to
countries. In this scenario, countries would probably need some additional way to prioritize who
receives the vaccine. The consortium of manufacturers discussed earlier (MNCs, CMOs, and MICs)
would ideally provide a “cost plus” contract (with a small margin) for sales to a global purchasing
agent for a time-limited period; the vaccine would be free at the point of care. If COVID-19 then
transitions to become a globally endemic pathogen, a tiered pricing model could be adopted.

6.4 Expediting regulatory approval

During the 2014-2016 Ebola epidemic in west Africa, there was widespread agreement that a new
mechanism was needed to rapidly agree on trial designs and to collaborate across borders on fast-
track scientific assessment, regulatory approval, and roll-out. For example, the African Vaccine
Regulatory Forum proposed that this mechanism would cover

e “Clear pathways and timelines for expedited ethical and regulatory review of clinical trial
applications and approval of products;

e Agreement on timelines and joint safety and efficacy assessments of the new products to
fast-track national registration;
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¢ Endorsement of a panel of safety experts for expedited review of safety data of new
products with relevant communication to National Regulatory Authorities (NRAs);

e Technical assistance from the World Health Organization (WHO) to facilitate these
processes.”

Regulatory agencies and bodies, including the WHO, US Food and Drug Administration, European
Medicines Agency, and the International Coalition of Medicines Regulatory Authorities, recognize the
urgency of providing a simplified and expedited, joint regulatory review of COVID-19 MCMs. There is
widespread recognition that a “business as usual” approach is not tenable.

7. Conducting late stage trials in the midst of the outbreak

Key messages: International experience of conducting phase Ill trials during epidemics, including
Ebola (Box 3), has highlighted several key lessons and principles that should be adopted by the new
funding window. These lessons relate to issues such as trial design (including the use of adaptive
trials), the ethics of trial conduct, and being sensitive to the needs of communities. In light of the
COVID-19 outbreak, on January 20 2020, the Nuffield Council on Bioethics issued a “Call for Action to
research funders, governments, and others involved in health research systems for a more ethical
and collaborative approach to conducting research during emergencies such as infectious disease
outbreaks.”

Box 3: Conducting trials during outbreaks: what can we learn from the 2014-2016 Ebola
epidemic in West Africa?

By the end of the 2014-2016 Ebola epidemic, more than ten therapeutic trials had been designed
but none had been fully completed. As of 2019, there were 42 ongoing Ebola vaccine trials. For
highly infectious and deadly diseases such as Ebola virus disease and COVID-19, conducting
conventional clinical trials is very challenging. The Merck vaccine rVSV-ZEBOV is currently the only
approved vaccine against Ebola virus; phase | trials started shortly after WHO declared the West
Africa Ebola virus outbreak as a PHEIC, Regulatory approval came five years later. In addition to
the common challenges of time and cost, there are ethical challenges in conducting vaccine trials
in outbreaks. For example, it is difficult to justify processes such as randomization when only some
patients receive a potentially lifesaving intervention. The Ebola trials pointed to the need for
adopting new, more efficient clinical trial designs. One of these designs is an alternative platform
trial using a “response adaptive randomization strategy” that allows for re-allocation of study
participants based on treatment response, as was proposed during the Ebola epidemic.

7.1 Design of trials conducted during emergencies
There are several challenges in conducting clinical trials during epidemics:

e Time to enroll and complete a trial: The duration of an epidemic is unpredictable, and control
efforts are aimed at shortening the duration. Unless trials are started early, these factors
make it difficult for trials to reach a conclusion before the epidemic burns out.

e Enrolling a sufficient number of patients: Clinical trials require minimum sample sizes in

order to be sufficiently powered to make scientific conclusions. Enrolling enough patients is
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often impossible in short-run epidemics. A trial run by Gilead in Wuhan, China, of an
antiretroviral to treat COVID-19 is struggling to recruit patients,

e Capacity for conducting clinical trials: When epidemics occur in low-resource settings, the
capacity to conduct a clinical trial may not exist and researchers do not have the luxury of
time to build capacity before conducting the trial.

e Resources: Large phase lll trials are very costly, which is one rationale for launching a new
funding window.

e Ethical challenges of using investigational new drugs: There are often major arguments about
compassionate use versus waiting for trial results. A WHO advisory panel stated that
compassionate use is “justified as an exceptional emergency measure” but said that it should

not “preclude or delay the initiation of more conclusive investigations of the intervention(s)
in properly designed clinical studies.”

Policymakers face a number of important decisions, including (a) choosing the right candidates
for inclusion in a trial (limited numbers of patients and resources mean that candidate selection
is critical), and (b) choosing the right trial design (some trial designs work better for different
situations). A number of solutions and advances have been developed to help meet these
challenges, e.g.

e Adaptive clinical trials: Adaptive trials, which use “results accumulating in the trial to modify

the trial’s course in accordance with pre-specified rules,” are widely believed to be an
important design advance for future outbreaks. Most evidence to date has been based on
simulation studies, which show that adaptive trials have a higher potential to reach a
decision during the outbreak than regular trials. Nevertheless, adaptive trial designs must
take into account a number of issues (e.g. “whether the adaptation process has led to design,

analysis, or conduct flaws that have introduced bias that increases the chance of a false
conclusion that the treatment is effective”).
e Stepped wedge trials: in such trials, the intervention is introduced by random allocation at

regular intervals to a cluster of participants until all clusters eventually receive the
intervention. This design primarily addresses the ethical challenge of enrolling some affected
populations in trials while excluding others.

e Non-randomized trials: these remain controversial and hard to interpret, but they could
allow trials to be conducted when the capacity to conduct randomized trials is absent.

e Capacity building: An example is the Clinical REsearch During Outbreaks (CREDO) program,
jointly funded/implemented by TDR, the International Severe Acute Respiratory and
Emerging Infections Consortium, and the UK Public Health Rapid Support Team.

7.2 Ethical concerns in conducting trials in an outbreak situation

Too often, the ethical issues involved in conducting trials during epidemics or pandemics—including
those related to community consultation and participation—have not been carefully considered
before trials begin. These issues should not be an “afterthought” but should be front and center of
this new vaccine funding window.

In January 2020, after a two-year study conducted by an international working group, the Nuffield
Council on Bioethics published its report, “Research in global health emergencies: ethical issues.” The
report argued that research in emergencies should be guided by an “ethical compass” comprising
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three key values: equal respect (treating others as moral equals), helping reduce suffering (acting on
duties founded on solidarity and humanity), and fairness (duties of non-non-discrimination and of
“the equitable distribution of benefits and burdens”).

The report makes wide-ranging recommendations to research funders, WHO and other international
agencies, governments, researchers, research ethics committees, and other stakeholders. These are
summarized in a Call for Action (Box 4) that has been endorsed by many research organizations and
international institutions, including the Wellcome Trust, the African Academy of Sciences, and the
International Rescue Committee.

Box 4: Nuffield Council of Bioethics’ Call for Action on the ethical conduct of health
research in emergencies

“We are issuing a call for action to research funders, governments and others to:

e Ensure that research is not supported unless the basic health needs of research
participants are being addressed through the response effort. Research funders will need
to work in partnerships with humanitarian organisations and ministries of health to ensure
this.

e Invest in putting community engagement mechanisms into emergency research to make
them a reality. In the longer term, engagement must be a central part of local healthcare
systems to ensure sustainability and preparedness.

¢ Promote fair and equitable collaborations between research organisations, particularly
between external research institutions and their local partners in high- and low-income
settings.

e Support emergency planning - including securing robust health and health research
systems - given the vital importance of properly resourced preparedness between
emergencies. ”

8. Conclusions

Given the uncertain trajectory of COVID-19, the global health community must prepare for a worst-
case scenario, in which a vaccine will be a critical control tool. While there are several promising
vaccine candidates, these could languish in early stage development unless new funding is mobilized
to fund all stages of COVID-19 vaccine development and to manufacture the large number of doses
that could be needed.

Funding early development through phase 3 trials and “scale-out” under CEPI, an existing platform,
offers the advantages of speed, flexibility, and low transaction costs. Additional capacities required
to support the later stages of development could be quickly added. CEPI’s existing governance
arrangements and equitable access policies could be adapted for phase Ill/manufacturing without
major obstacles. But manufacturing and delivery would require a separate financing mechanism
outside of CEPI; a consortium of public and philanthropic funders is likely to be needed. Different
financing instruments are likely to be better suited to financing different steps in the COVID-19
vaccine development process.
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Ethical conduct of trials, participation of LICs and MICs in governance arrangements, and global
access to the vaccine must all be cornerstones of this new funding approach. Innovations in trial
designs (e.g. adaptive trials) and manufacturing (e.g. modular approaches) and joined-up approaches
to expediting regulatory approval could help to streamline development and deployment of the
vaccine.

A new funding approach for late stage trials and manufacturing of a COVID-19 vaccine could be the
start of a new, coordinated approach to funding MCMs for epidemic and pandemics, one that helps
to break the cycles of panic and neglect. Once established, the approach could be used for future

outbreaks—not just for vaccines but also diagnostics and therapeutics. It could also be an important
step in developing a sustained and consolidated pooled funding platform for late stage development
and deployment of new technologies to control a broad range of diseases, including EIDs and
poverty-related and neglected diseases. Due to the lack of a well-resourced funding mechanism for
late-stage trials, the prospects for developing urgently need control tools for many fatal or disabling
conditions are very poor.

Finally, additional funding is clearly needed for development and deployment of COVID-19 vaccines,
but this effort should be complementary to other fund-raising processes (e.g. the Gavi replenishment
and WHO'’s mobilization of resources for pandemic response and preparedness). Using vaccine bonds
or an IFFIm mechanism for the COVID-19 effort could be one way to take pressure off these other
mobilization efforts. The current crisis is an opportunity for high-level dialogue on ways to reform the
overall financing system and to ensure complementarity of funding efforts.
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Security Clearance & Building Access

Please enter the building through the WB visitor’s entrance located on the 18" street side of the building.
Please bring a valid form of photo identification, such as a passport or a Government issued ID. Upon
entering, please go through the security checkpoint. A member of our team will be waiting for you to
provide you with your building pass and to escort you to the room. Please note that you will need to show
your building pass every time you enter or exit the building.



Transportation

Arrival in Washington, DC: A one-way taxi fare from Dulles International Airport (IAD) to downtown
Washington, DC costs approximately US$75. The trip takes about 45 minutes depending on traffic. A one-
way taxi fare from Reagan National Airport (DCA) costs approximately US$25, and the trip takes about 20
minutes.

To the airport: Taxis are readily available from the World Bank Headquarters or from your hotel, whichever
is most conducive to your travel arrangements.

For more information on public transportation please visit: WMATA — Metro/Bus/Train and Service Near
Me

Coffee & Lunch

Coffee and tea will be available upon arrival. Lunch will be provided. Vegetarian options will be available.

Connecting Remotely

For those who will be connecting remotely, please find instructions on how to connect via Webex in the
below. Please note that these instructions will also be provided in a calendar invitation for convenience as
well.

To join via computer or electronic device:
e Kindly select the ‘join meeting’ button below
e Meeting number (access code): | (b) (6)
e Meeting password: | (b) (6)

Join meeting

To join via phone, please use the following dial-in and access code:
e Dial in: 1-650-479-3207 {Call—in toll nurnbgr (US/Canada)) or click here for Global call-in numbers
e Meeting number (access code): (b) (6)

Enquires or questions

If you have any further questions or enquiries regarding the meeting, please do not hesitate to contact the
World Bank Health Team directly at Wbhealthevents@worldbank.org.






