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INTRODUCTION

Background to the G-FINDER EID survey

Each year since 2007, the G-FINDER project has provided policy-makers, donors, researchers and
industry with a comprehensive analysis of global investment into research and development (R&D)
of new products to prevent, diagnose, control or cure neglected diseases in developing countries.

The G-FINDER survey of neglected diseases is recognised as the gold standard in tracking
and reporting global R&D funding. The World Health Organization (WHO) Expert Panel’s Global
Strategy and Plan of Action on Public Health, Innovation and Intellectual Property (GSPOA)
includes a recommendation that member states commit to providing information to G-FINDER, and
G-FINDER has been included in agenda items presented at the WHO Executive Board meeting and
World Health Assembly.'?

In response to the 2014 West African Ebola epidemic, Policy Cures Research began gathering
data on R&D targeting emerging infectious diseases (EIDs) alongside neglected disease R&D in the
G-FINDER survey. In 2015, the inaugural EID-specific portion of the survey focused exclusively on
Ebola R&D. The survey went on to adopt a progressively broader scope in each subsequent year,
as detailed in ‘Scope of this report’, below.

Based on the data provided by respondents to the survey, Policy Cures Research has produced
the first Landscape of Emerging Infectious Disease R&D, utilising the emerging infectious disease
investment data collected since 2015.

Scope of this report

The EIDs covered in this report match the list of priority diseases endorsed by the 2018 World
Health Organisation (WHO) research and development Blueprint for action to prevent epidemics (‘the
Blueprint’).

The Blueprint list of priority diseases also includes a ‘Disease X, which it defines as ‘the knowledge
that a serious international epidemic could be caused by a pathogen currently unknown to cause
human disease’. This report uses the Disease X category to capture all ‘cross-cutting R&D
preparedness that is also relevant for an unknown disease’.

In addition to non-disease-specific EID R&D, which is assigned to Disease X, this report also
includes non-earmarked core funding for R&D organisations that work in multiple disease areas,
provided that the recipient organisations include Blueprint priority EIDs as a significant focus of
their work. This funding is excluded from all disease-specific sections, but is included — as ‘Core
Funding’ — in the figures and analysis presented in the ‘Funding to Intermediaries’ and ‘Funders’
chapters of the report. For further details, see the Methodology section on page 67.

As in the G-FINDER reports, investments not directly focused on research and development of
biomedical products are excluded from our results. This includes activities such as advocacy and
behavioural research, which are critical to effecting change, but which are distinct from product
development and therefore fall outside the G-FINDER criteria for both EIDs and neglected diseases.

Further details of the methodology employed for this report and the underlying survey can be found
in the Methodology section, starting on page 70.



Structure of the report

This report is divided into five main parts:

1) funding by disease group provides analysis of the funding for each of the priority pathogen
families, ordered on the basis of total funding, including a breakdown of funding by product,
funding across the various individual diseases and multi-disease categories, and major
providers of funding;

2) funding by product type examines the division of global funding across vaccines,
therapeutics, basic research and vector control and lays out the sources and allocation of
funding within each product category;

3) funding to intermediaries lists the major providers and recipients of intermediary funding and
analyses their contributions;

4) funders of emerging infectious disease R&D recognises the major providers of EID funding,
by sector, nation and organisation, and summarises the distribution of public, private and
philanthropic funding across the different disease groups; and

5) discussion, where we summarise our main conclusions from an analysis of five years of EID
funding data and identify the key lessons for policy makers.
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OVERVIEW OF EID R&D FUNDING

Funding for emerging infectious disease basic research and product development reached
$886m in 2018, comfortably the highest total in the five years covered by this report. This figure
is measured - like all the figures we mention — in 2018 US dollars at then-current exchange rates,
and represents a 14% increase over 2017’s previous record high. In fact, measured funding to EID
product developers has grown every year since we began collecting data on it in 2014, when we
found just $178m in total funding - just a fifth of the 2018 total.

Some of this growth stems from our improving understanding of which emerging infectious
diseases we should be included in our survey. We began by tracking Ebola and related multi-
filoviral research, and then added other viral haemorrhagic fevers and Zika in 2015; we expanded
our survey scope again in 2016 to align with the World Health Organisation’s newly developed R&D
Blueprint for Action to Prevent Epidemics, and for the most recent three years covered in this report
— 2016, 2017 and 2018 - the scope remained essentially unchanged. So, while some of the fivefold
growth we have seen is an artefact of asking more and better questions, most of it reflects a
genuine and ongoing increase in R&D for emerging infectious diseases. Figure 1 provides a sense
of how overall funding has grown and the areas where most of the growth has come from.

Figure 1. Total funding for emerging infectious diseases 2014-2018

Nipah & other henipaviruses
[l CCHF & RVF
Coronaviruses (MERS & SARS)
[l Lassa fever
[ Disease X & Other R&D
[ Core funding
Zika
M Ebola & Marburg
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But before looking at the drivers of this growth, we should note that there is another way of
measuring total EID funding: by looking at the amount provided by funders each year, instead of the
amount received by product developers, as we did above.



If we look at the amount funders gave to EID R&D, rather than the amount developers received,
funding in 2018 looks even more impressive: $982m, nearly $100m higher than our first estimate.
Why such a big gap between two similar measures? In general, the total given by funders can differ
from the total received by developers because some of that funding is initially given to product
development partnerships and other intermediaries (we call all these funders ‘intermediaries’, and
the funding they receive ‘inward funding’) who may not pass the money on to developers (which we
call their ‘onward funding’) in the same fiscal year as they receive it. For 2018 in particular there is a
simple explanation: the most significant EID intermediary, the Coalition for Epidemic Preparedness
Innovations (CEPI), was established in 2017 and only began making disbursements in 2018,
meaning that it took in much more funding in both 2017 and 2018 than it sent out. For 2018, the
gap between CEPI's funding received and funding disbursed was almost exactly $100m, neatly
explaining the difference between our two measures of funding. Recent announcements from
CEPI unsurprisingly show it rapidly increasing its disbursements in response to COVID-19 - see the
preliminary COVID funding data on page 34 for details — so the 2018 gap between funding given
and funding spent is likely to be reversed for the next few years. Here is how this works in practice,
using the numbers for funding in 2018:

Direct funding - included throughout the report

FUNDERS PRODUCT

. DEVELOPERS
Inward funding - Onward funding -
included in funders INTERMEDIARIES J included in disease
section chapters

Both funding given and funding received are important and useful measures of global commitment
to EID R&D, and we use both figures in this report. Where we talk about funding to individual
diseases, we prefer to measure the funds actually reaching individual product developers, and
all our charts and tables in these disease and product chapters use the lower funding measure:
$886m in 2018. In the second half of the report — where we deal with intermediaries and funders —
we focus more on the disbursements made by individual funders, and so we use the higher value
that includes their contributions to CEPI and other intermediaries: the $982m 2018 total. To avoid
double-counting money that passes through intermediaries on its way to product developers, we
never include both funding given to intermediaries and the funding they provide in the same tables
or totals. For more details, see the discussion of intermediary funding in our Methodology section
on page 64.

So, why did funding for EIDs grow so rapidly between 2014 and 20187 The establishment of CEPI
is a big part of the story. It received $84m in 2017 and $134m in 2018, accounting for most of the
net funding gains in each of those years. But funding to product developers also grew rapidly,
despite little funding from CEPI in 2018 and none in 2017.

OVERVIEW OF EID R&D FUNDING
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Setting aside growth from CEPI — and something called ‘Disease X' which we discuss below — the
key factors driving higher EID R&D spending since 2014 were Ebola, Zika, and then Ebola again.
Funding for the Ebola & Marburg disease group — which, like all the disease groupings we use to
aggregate funding within a common family of pathogens, also includes funding for multi-disease
research covering at least one of the named priority pathogens — more than tripled between 2014
and 2015 in response to the West African Ebola pandemic, making it responsible for basically all of
the 2015 growth in funding. As the pandemic waned in 2016, and late-stage clinical trials for Ebola
products became impossible, Ebola funding dropped too, falling by around $125m in both 2016
and 2017. The growth in overall funding in the face of such steep drops for Ebola was due to the
emerging Zika epidemic, which began in Brazil in 2015 and declared a Public Health Emergency of
International Concern in February 2016. The global response to Zika pushed its funding from just
$6m in 2015 to $170m in 2016, and higher still — $243m — in 2017. With clinical trials and funding
both tailing off in 2018, a fresh outbreak of Ebola in the Democratic Republic of Congo brought an
end to the decline in Ebola funding, and partly offset the fall in funding for Zika.

So, the rise in EID funding is due partly to a series of epidemics, and partly to the establishment
of CEPI in an effort to prepare for the next one. The other major area of recent funding growth
also relates to future, rather than current, epidemics: Disease X. ‘Disease X' is the label given by
the WHO to ‘as-yet-unknown’ pathogens with epidemic potential, and our R&D efforts to prepare
for them. Since its inclusion in our survey in 2016, funding under our broad heading of ‘Disease
X & Other R&D’ has grown rapidly — from $14m in 2016, to $73m in 2017, and to $171m in 2018.
Some of this growth reflects the difficulty in defining the borders of research into the unknown: our
categorisation includes a range of genuinely pathogen-agnostic R&D, like platform technologies,
broad-spectrum antivirals and fundamental research, but it also acts as a catch-all for ‘Other
R&D’ — any research that cannot comfortably be assigned to a single disease family. This ‘Other
R&D’ includes projects targeting multiple known diseases where a breakdown of funding is
unavailable. Much of the 2018 growth in ‘Disease X’ really falls within this ‘Other R&D’, in the form
of a single $44m grant split in unknown proportions across several priority pathogens. A change in
methodology also helped to drive the increase in measured Disease X funding in 2017: we began
counting investment in vector control products which target carriers of multiple pathogens as part
of Disease X, rather than breaking it up across the various target pathogens. This decision led to
the inclusion of $26m in new Disease X funding in 2017, most of which was aimed at controlling the
Aedes aegypti mosquito, which spreads Zika along with several other diseases.

But not all of the increase in funding for Disease X was an artefact of how we categorise multi-
disease spending. Both 2017 and 2018 saw sharp increases in funding for platform technologies,
headlined by a tenfold increase for general diagnostic platforms. Fundamental research spending
has more than doubled since we first included it in the survey in 2016, and our newest component
of Disease X funding, multi-disease vector control, rose by a further $10m in 2018. Even when
narrowly defined to include only the research which can genuinely be applied to a range of EIDs,
including those as-yet-unknown, an increased commitment to Disease X helped to drive the rise in
EID R&D funding in 2017 and 2018.



Table 1. Disease and product R&D funding 2018 (US$ millions)
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Ebola
Marburg

Other filoviral R&D in combination with
Ebola and/or Marburg

Zika
Arenaviruses - Lassa fever
Lassa fever

Other arenaviral R&D in combination with
Lassa fever

Coronaviruses - MERS & SARS
Middle East Respiratory Syndrome
Severe Acute Respiratory Syndrome

Other coronaviral R&D in combination with
MERS and/or SARS

Bunyaviruses - CCHF & RVF
Crimean-Congo Haemorrhagic Fever
Rift Valley Fever

Other bunyaviral R&D in combination with
CCHF and/or RVF

Henipaviruses - Nipah & other
henipaviruses

Nipah

Other henipaviral R&D including in
combination with Nipah

Disease X & Other R&D
Platform technologies
Adjuvants and immunomodulators
Drug delivery technologies and devices
General diagnostic platforms
Therapeutic platforms

Vaccine delivery technologies and
devices

Vaccine platforms & multi-family vaccines
Broad-spectrum antivirals
Fundamental research
Multi-disease vector control products
Other R&D

Core funding of a multi-disease R&D
organisation”

Total EID R&D funding 886.13

- No reported funding
Category not included in G-FINDER

" This measure of core funding excludes funding to organisations for which onward funding data is available. Funding from these organisations is included in the
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0.07

10.40
9.06
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categories above and, to avoid double counting, the funding they receive is reported separately in Tables 16 and 17.
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362.33
337.70
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45.11
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41.09
31.86
5.66

19.00
12.35
3.27

3.38

11.33
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38.96
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0.07
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0.24
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15.89
36.21
78.46
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Funding for the other priority disease families covered in our survey — Lassa fever, coronaviruses,
Crimean-Congo haemorrhagic fever, Rift Valley fever and Nipah — has tended to play second-fiddle
to outbreak response. None of these disease families received even 5% of total global funding, and
almost all saw their share of funding shrink further in 2018. The sole exception was Lassa fever,
which saw its funding jump by a third in 2018 once it became the prime beneficiary of CEPI’s first
round of disbursements.

Who provided all this funding? For pathogens other than Disease X, the short answer is that most
came from the United States. The US government provided 61% of global funding to EID product
developers between 2014 and 2018. Combined with investment from US-based pharmaceutical
companies, almost three-quarters of global funding for EID R&D during this five year period came
solely from the United States. The US National Institutes of Health (NIH) consistently dominated
global EID funding, providing more funding than any other entity for every single priority pathogen
family, and giving the US government an 80% share of global basic research funding. Its role is
complemented by that of the US Biomedical Advanced Research and Development Authority
(BARDA)'", by far the largest funder of clinical development. Along with self-funded research by
the pharmaceutical industry, which has seen its role decline steeply from a peak driven by Ebola
clinical trials in 2015, the US NIH and BARDA accounted for nearly 70% of all global funding, with a
further 5% coming from the US Department of Defense (DOD).

This US-centric picture began to change a little in 2017 and 2018. The US share of public funding
for EID R&D sank to a low of 68% in 2018, down from a high of 84% in 2014. The governments of
the United Kingdom, France and Germany all increased their share of global funding in both 2017
and 2018, while the creation of CEPI provided a vehicle for new streams of funding from national
governments — like those of Japan and CEPI's host nation, Norway — and the major philanthropic
funders of neglected disease R&D: the Gates Foundation and the Wellcome Trust. These new
funding streams, accompanied by the consistent efforts of the EC,? the fourth-largest funder
overall, have gone some way towards rebalancing the funding of EID R&D.

Were we attempting to summarise this picture in 2019, we would say that the world’s willingness to
react to each new epidemic as it arises looks like a double-edged sword; and that the increasing
recognition of more forward-looking approaches to epidemic preparedness like CEPI and Disease
X seems like a welcome counterweight to purely reactive funding. We would urge a more equal
distribution of funding, especially for basic research, across the priority pathogens, and still more
funding for the platforms and broad-spectrum products that might help us prepare for the as-yet-
unknown. We might even, we would like to think, raise some concerns about the 2018 decline
in funding for coronavirus research, as memories of the most recent outbreak of Middle East
respiratory syndrome (MERS) started to fade. But no one is forgetting coronaviruses just now; and
it is difficult to sound prophetic about pandemic risk half a year into a global pandemic. Everyone
now knows that the world wasn’t ready for the disease it ended up catching, and we can only urge
policy makers to keep that particular lesson in mind when the time comes to invest in preparing for
the next one.

1 Funding attributed to ‘BARDA’ in this report may also include funding from the budget of its parent entity, the Office of the Assistant
Secretary for Preparedness and Response (ASPR).

2 The term ‘EC’ used here and throughout the report refers to funding from the European Union budget that is managed by the European
Commission or related European Union partnerships and initiatives, such as the European & Developing Countries Clinical Trials
Partnership (EDCTP) and Innovative Medicines Initiative (IMI).



Table 2. R&D funding by disease 2014-2018
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Ebola & Marburg”®

Zika

Lassa fever

Coronaviruses (MERS & SARS)
CCHF & RVF

Nipah & other henipaviruses

Core funding of a multi-disease R&D
organisation

Disease X & Other R&D
Other R&D
Multi-disease vector control products
Platform technologies
Fundamental research

Broad-spectrum antivirals
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1948 4
621 23
121 5.1
110 4.6
49 241
37 1.3
58 3.9
259 19
99 8.9
62 4.1
59 4.4
31 1.8
7.4 0.2
3203 100

" Ebola was the only disease included in the 2014 survey. Value for Ebola in 2014 may include combined filoviral R&D.

* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared to totals in later

years, or to each other.
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EBOLA AND MARBURG _ (%Y

MILLION

Ebola disease and Marburg disease are caused by the Ebola and
Marburg filoviruses. Six species of the genus Ebolavirus have been
identified: Zaire (EBOV), Bombali, Bundibugyo, Reston, Sudan, and Tai
Forest; the genus Marburgvirus contains Marburg virus and Ravn virus.®
Bats are known reservoirs of the Marburg virus and suspected reservoirs
of Ebola viruses.* Human outbreaks begin following exposure to blood or
secretions of infected animals, such as fruit bats, gorillas, and monkeys.®
Once introduced into the human population, human-to-human
transmission primarily occurs through contact with virus-infected bodily EBOLA & MARBURG
fluids. Their symptoms are similar and may include fatigue, headache, R&D FUNDING
dizziness, vomiting and diarrhoea, and, in severe cases, haemorrhage, 2014-2018
organ failure and shock.® Ebola’s average case fatality ratio is around 50%,

but can vary between 25% and 90%.°

Since 1976, there have been 27 known African Ebola outbreaks, 11 of which were in the
Democratic Republic of Congo (DRC).® The largest recorded outbreak of Ebola occurred in
2013-16 in West Africa, affecting Guinea, Sierra Leone, and Liberia, causing more than 28,000
infections and 11,000 deaths (a confirmed-case fatality ratio of 63%).”® Between August 2018 and
June 2020, there was a further outbreak focused in North Kivu, DRC, which was declared a Public
Health Emergency of International Concern by the WHO in July 2019.°% It represents the second-
largest Ebola epidemic on record, with more than 3,400 infections and 2,200 deaths.™

Since its discovery in 1967, there have been more than a dozen recorded outbreaks of Marburg,
mostly in Central Africa, and most recently in Uganda in 2017."""2 Average Marburg case fatality
ratio is around 50%, varying between 24% and 88%." The largest recorded Marburg outbreak
occurred in 2004-2005 in Angola (252 known cases with 227 deaths; 90% case fatality ratio).™

Before 2014, almost all Ebola pipeline candidates were at the pre-clinical stage. Today, following
a coordinated global effort, there are active pipelines for diagnostics, drugs and vaccines, with
multiple candidates in late-stage clinical development.

In 2018, the WHO approved five experimental therapies — three monoclonal antibodies (ZMapp,
mADb114 and REGN-EB3) and two antiviral drugs (remdesivir and favipiravir) — for the treatment
of Ebola under the MEURI protocol (adopted for the first time ever).” The first-ever multi-drug trial
investigating the efficacy of these drugs (other than favipiravir) began in 2018.%"" In 2019, mAb114
and REGN-EBS3 were deemed superior to ZMapp and both received Breakthrough Therapy
designation from the FDA.™®"" Despite this success, there remains an unmet need for a therapeutic
agent with pan-filovirus efficacy.

In December 2019, ERVEBO became the first FDA-approved Ebola vaccine, and it is now licensed
for use in four African countries.”®™ It was also a vital part of the outbreak response in the North
Kivu, DRC Ebola epidemic — the first Ebola outbreak in which a vaccine was widely deployed —
with approximately 300,000 people vaccinated.® Also deployed during this outbreak was another
candidate regimen, Ad26.ZEBOV/MVA-BN-Filo, which was still under investigation at the time.*
Now known as Zabdeno and Mvabea, it was approved by the European Commission in July
2020.% It is the only one of the advanced candidates to target multiple species of Ebolavirus and
Marburgvirus.

During the 2014 Ebola outbreak, the absence of bench-top or point-of-care diagnostic tools meant
that laboratory-designed tests were the only tool available for confirmatory diagnosis. Since then,
the Ebola diagnostics pipeline has improved significantly, with multiple point-of-care molecular
and rapid diagnostic tests now available.?® The increased speed at which field laboratories with
molecular testing capabilities became functional (from months to days) in the 2018-2020 DRC
outbreak is testimony to the remarkable progress made in the past five years.*



The global funding landscape for Ebola & Marburg R&D has largely been dominated by the
response to the 2014-2016 West African Ebola outbreak. Funding exclusively for Marburg made up
only 4.6% ($89m) of total funding over the period; remaining funding was either targeted exclusively
at Ebola or went to multi-filoviral R&D with Ebola among its targets — for simplicity’s sake collectively
referred to as ‘Ebola’ funding in the analysis that follows. Detailed breakdowns of funding by
pathogen are presented in Table 3, below.

Funding for Ebola & Marburg R&D prior to the West African outbreak was relatively limited
compared to the levels of investment that would follow, although Ebola’s status as a Category
A bioterror threat meant that there had been a sustained low level of biodefense-related R&D
funding from the US government, in particular by the NIH’s Biodefense and Emerging Infectious
Diseases Program, and by the DOD’s Defense Threat Reduction Agency. Of particular note was
the US NIH’s funding to Johnson & Johnson (via its subsidiary, Janssen) for the development of
multivalent filovirus vaccines, which totalled nearly $40m over the six years to 2014. This early
investment helped to position Johnson & Johnson to respond rapidly to the 2014 Ebola outbreak,
with Johnson & Johnson’s R&D investment representing nearly three-quarters of that year’s total
industry funding.

While the initial response to the West African outbreak in late 2014 came mainly from industry and
the US government, more funders joined the global response in 2015, with new funding streams
from a number of European governments and philanthropic organisations.

2014 to 2015 saw unprecedented growth in Ebola R&D funding with global investment more
than tripling in response to the outbreak. The increase was led by more than $200m in additional
funding from industry, $128m from the US government and a further $45m in new funding from the
EC - a near tenfold increase over its 2014 contribution. The new funding went mainly to vaccine
R&D, which received 85% of the overall increase in Ebola R&D, and more specifically to clinical
development of new vaccine candidates, which saw a more than tenfold increase after absorbing
the majority of the new funding in 2015.

Table 3. Ebola & Marburg R&D funding 2014-2018
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Ebola 178 564 425 305 338 | 1,810 93
Marburg 18 26 25 20 89 5.5
Other filoviral R&D in
combination with Ebola 12 19 13 4.6 49 1.3
and/or Marburg

Disease group total 100

Ebola was the only disease included in the 2014 survey. Value for Ebola in 2014 may include
combined filoviral R&D.

After a peak in 2015, the next two years saw declines in funding for Ebola R&D, mostly driven by
reduced investment from industry. The fall in industry spending reflected the progression of the
most advanced candidate — MSD’s rVSV-ZEBOV-GP - through late-stage trials and the natural
slowing of planned Phase Ill trials for Johnson & Johnson’s AD26.ZEBOV/MVA-BN-Filo and GSK’s
ChAd3-EBOZ as the West African outbreak waned.
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At the height of the West African outbreak, industry and the US government were contributing
roughly equal funding. But after 2015, as industry reduced its spending, the US government at first
largely maintained and then increased its funding, which surged to a record high of $270m in 2018.
This surge reflected the growth from the two biggest US funders of EID R&D - the NIH and BARDA
— across a range of product areas, including support from both organisations for late-stage vaccine
candidates, which helped to support the further development of AD26.ZEBOV/MVA-BN-Filo during
subsequent outbreaks in the DRC beginning in 2018.

A record high in funding for Ebola biologics in 2018 was primarily due to increased investment from
BARDA for the advanced development of Regeneron’s monoclonal antibody cocktail, REGN-EB3,
which paved the way for the novel biologic to be tested in the pivotal Ebola therapeutics PALM trial
in 2018.

In comparison to vaccines and therapeutics, investment in Ebola diagnostic R&D has been low,
peaking at just $20m in 2015, followed by three years of decline. This difference reflects, at least
in part, large differences in the cost of developing diagnostic kits relative to that of developing
and testing vaccines and therapeutics. BARDA's $7m investment in the clinical evaluation of the
OraQuick Ebola Rapid Antigen Test between 2015 and 2018 helped progress the rapid diagnostic
test to FDA approval in late 2019.

Figure 2. Ebola & Marburg funding by product 2014-2018
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Alongside the three key US government agencies — NIH, BARDA and DOD - and industry, the fifth
major player in supporting Ebola R&D since 2014 has been the EC. Although slower to ramp up
funding than the US government and the companies themselves, the EC has provided significant
funding through its Innovative Medicines Initiative’s Ebola+ programme, particularly to support late-
stage vaccine trials.



In addition to investment by the companies involved, the successful development and approval
of two Ebola vaccines was heavily dependent on joint support from these top handful of funders.
MSD’s ERVEBO - the first Ebola vaccine to be approved, gaining FDA and EMA approval in late
2019 - received funding from BARDA, DOD and the EC; while Johnson & Johnson’s AD26.ZEBOV/
MVA-BN-Filo regimen (now known as Zabdeno and Mvabea, and which was approved by the EMA
in mid-2020), received funding from BARDA, NIH and the EC.

Table 4. Top Ebola & Marburg R&D funders 2018

.\\\\0“6\ ,.\\\16\0@ 0’\"0@\
5 oo““)\a 0‘\‘*’0’0
W@@
US NIH 68 106 148 129 152 604 42
US BARDA 29 7 74 85 132 392 36
Aggregate industry 36 244 139 61 59 539 16
EC 5.0 50 51 39 7.8 153 2.1
US DOD 12 71 38 14 3.5 139 1.0
US CDC - 6.6 4.9 31 24 17 0.7
Inserm 5.9 615 1.2 8t 2.0 16 0.5
UK DHSC 0.5 0.9 14 0.3
Institut Pasteur 0.4 1.5 1.3 0.4 0.7 4.3 0.2
German DFG - 0.7 14 0.3 0.6 2.9 0.2
MSF - 1.8 0.6 0.2 0.5 3.1 0.1
Wellcome Trust <0.1 7.2 6.8 3.7 0.3 18 | <0.1
Subtotal of top 12/ 177 588 467 342 362 | 1,924 100
Disease group total 178 595 470 343 362 1,948 100

Funding organisation did not participate in the survey for this year.

" Subtotals for 2014-2017 top 12 reflects the top funders for those years, not the contributions of
the 2018 top funders. For the cumulative total, the top 12 funders are those with the highest overall
totals.

- No reported funding

More than two-thirds of all funding for Ebola & Marburg R&D between 2014 and 2018 came from
high-income country governments, the vast majority of which was from the US government.
Despite high-income country (HIC) public funding peaking in absolute terms (at $333m) in 2015,
this was actually the year in which its share of total funding fell to a low of 56%, overwhelmed
by the surge in multinational pharmaceutical company (‘MNC’) investment driven by their large
investments for late-stage clinical trials. The proportion of philanthropic funding has decreased
each year since 2014, with an increase in absolute terms in 2015 swamped by a simultaneous
increase in MNC investment.
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Figure 3. Ebola & Marburg R&D funding by sector 2014-2018
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$202

MILLION

The Zika virus (ZIKV) is a mosquito-borne flavivirus related to dengue,
yellow fever, Japanese encephalitis and West Nile viruses. ZIKV is
primarily transmitted by Aedes mosquitoes, which can also transmit :
Chikungunya, dengue, yellow fever and West Nile viruses. Human- ®
to-human transmission of ZIKV occurs through sexual contact, blood
transfusion, as well as from mother to foetus during pregnancy.® ZIKV
infection is usually asymptomatic, with mild symptoms including fever,
muscle and joint pain, rash, conjunctivitis, and headache. Severe

complications arise due to ZIKV-inducing Guillain-Barré syndrome ZIKA
(GBS) — an autoimmune condition — in adults, or upon infection during Rgf?%fSUggé\'G

pregnancy, resulting in congenital Zika syndromes (CZS), which include
microcephaly, central nervous system malformations and a host of other
neurological abnormalities in infants.?® Between 5% and 15% of infants born to
ZIKV-infected women may present with CZS.%

Aedes mosquitoes are widespread, with local transmission of ZIKV reported in Africa, South-East
Asia, the Pacific region, the Americas and Europe.??” Although ZIKV was first reported in Uganda
in 1947 and spread to Asia in the 1960s, the first significant outbreak was reported in Micronesia
in 2007 (49 confirmed GBS cases and no deaths).?® In 2013, another outbreak began in French
Polynesia, spreading to other Pacific Islands, with 30,000 suspected cases (coinciding with a
spike in cases of GBS).2*® In 2015, the largest ever Zika outbreak occurred in Brazil, and soon
spread elsewhere in the Americas and beyond. At the end of this outbreak in late 2016, there were
128,793 confirmed cases of ZIKV infections reported, with 2,289 newborns confirmed with CZS.*'

There is no vaccine or specific treatment for ZIKV infection. Research is ongoing for potential
therapies, for vaccines to prevent ZIKV infection or CZS, and for diagnostic tests.

The updated 2019 ZIKV vaccine development roadmap adds the requirement that an ideal
prospective vaccine be appropriate for endemic as well as outbreak settings.®* Vaccines under
consideration include both conventional (inactivated, live-attenuated and recombinant subunit)
and more novel (DNA, messenger RNA, self-replicating RNA and viral-vectored) approaches.®
The most advanced candidates use these novel platforms, with a DNA vaccine candidate (VRC
705) having completed Phase Il trials in October 2019.%* Multiple additional vaccine candidates
are currently in Phase | trials.®** While the ZIKV vaccine pipeline has progressed significantly in the
last three years, designing large scale trials remains challenging due to the broad spectrum of
clinical manifestations of the disease and the infeasibility of using CZS as the primary endpoint
for measuring clinical efficacy.® Alternative approaches, such as accelerated regulatory pathways
with immune correlates or surrogates as endpoints are under consideration. 2%

Therapeutic agents play a key role as a countermeasure for ZIKV. The indication includes
both therapeutic use for treating intra-uterine infection and prophylactic use for pre- and post-
exposure.® Even with the licensure of a ZIKV vaccine, drugs can play a valuable preventive
role in areas of low endemicity. Currently, two biologics — a human mAb (Tyzivumab) and an
immunoglobulin (ZIKV-IG/NP-024) — are the only therapeutics in clinical development.®® The
biggest challenge impeding ZIKV therapeutic R&D is developing medications for use during
pregnancy. The diagnostic pipeline for ZIKV has improved considerably since 2015, with multiple
point-of-care or near-POC molecular and serological assays already approved by the US FDA and
WHO under both emergency use and standard pathways.*

Aedes mosquito control programmes in ZIKV affected countries — including targeted residual
spraying, larval control and space spraying — must overcome urban outdoor transmission and
high levels of infestation, which render the techniques used against malaria, such as bed-nets and
indoor residual spraying, ineffective.®® In 2016, the WHO Vector Control Advisory Group (VCAG)
reviewed five new approaches: Wolbachia-based microbial control; genetic manipulation; sterile
insect technique (SIT); radiation-based sterility; vector traps; and attractive toxic sugar baits.
SIT is undergoing entomological efficacy trials, while the other four techniques are undergoing
epidemiological efficacy trials alongside another new approach — a transfluthrin passive emanator
(spatial repellent).®®
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Brazil reported a large outbreak of a rash-causing illness in March 2015, which was soon identified
as Zika virus infection. In October of that year it then reported an association between Zika virus
infection and microcephaly. Following the infection’s spread to other countries in South and Central
America, the World Health Organization declared a Public Health Emergency of International
Concern (PHEIC) on 1 February 2016.

Despite growing awareness and concern towards the end of 2015, there was minimal investment in
R&D for Zika before 2016. What little funding there was came mainly from the Brazilian government,
or from Institut Pasteur, which was one of the few organisations globally to actively support
research into Zika virus even prior to the Brazilian epidemic, in response to an outbreak in French
Polynesia in 2013-14.

From 2016 onwards, however, the picture changed rapidly. From a little over $6m in 2015, global
funding for Zika basic research and product development grew rapidly to $170m in 2016 and
peaked at $243m in 2017, before declining in 2018 to $202m - below its 2017 peak but still higher
than the level of funding in 2016, during the height of the epidemic in the Americas.

Figure 4. Zika funding by product 2015-2018
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From the initial focus on basic research, as shown in Figure 4, the South American outbreak
drove a rapid acceleration in vaccine R&D efforts, backed by funding from the US NIH, BARDA
and industry. The sharp drop in vaccine funding in 2018 reflected the pause or closure of major
clinical development programs in the absence of an active outbreak. In 2016, BARDA awarded
development contracts to several pharmaceutical companies to manufacture and license vaccines
based on novel RNA and inactivated virus platforms. BARDA's vaccine funding peaked at $85m in
2017, but dropped more than a quarter in 2018, reflecting the impact of the major reduction in the
number of new cases on its recipients’ ability to conduct clinical trials.



The US NIH played a key role in both the rapid ramp-up and later decline in Zika vaccine funding,
investing $54m in 2016 alone, aimost twice their investment over the following two years—primarily
to advance a DNA-based vaccine (VRC-ZKADNA090-00-VP) adapted from their prior experience
with a DNA-based vaccine candidate for West Nile virus. This US NIH-backed vaccine is currently
the most advanced Zika vaccine candidate, completing Phase |l trials in 2019.

Hearteningly, basic research funding continued to grow, even after the concerns for Zika had
faded, reaching $64m in 2018. There are still many fundamental research questions that remain
unanswered about Zika, as reflected by the continued US NIH-driven investment in this area.
These questions include gaps in the understanding of the virus’s epidemiology, immunology, the
spectrum of clinical outcomes associated with exposure during pregnancy — including congenital
Zika syndrome (CZS) — and appropriate biomarkers and animal models for product development.

Funding for Zika diagnostics has also increased steadily since 2015 from $1.3m to $21m in 2018,
mostly driven by US BARDA funding which focused on POC serological diagnostics rather than
molecular tests, given the long lasting nature of anti-Zika antibodies and the short window of time
when viral RNA can be detected in patients.

The low level of Zika-specific funding for vector control product R&D in 2017 and 2018 partly reflects
a change in the G-FINDER methodology, so that funding for R&D for vector control products (VCPs)
that can reduce the transmission of multiple pathogens were allocated to a standalone ‘multi-
disease VCP’ category, rather than being split it across the pathogens carried by that vector, as
we used to do. Since around half of the 2018 funding for multi-disease vector control products was
for products targeting Aedes mosquitoes — which transmit Zika, dengue, Chikungunya — there was
significant global funding for the vectors of Zika, including more than $11m in 2018 which would
have been counted as Zika-specific funding under our previous methodology.

Table 5. Top Zika R&D funders 2018

.\\\\0‘\9\ &-\\x@‘o’&f 0&"0’@\
N> o o *
o
@«
US NIH - 80 64 83 227 4
US BARDA - 48 97 74 220 37
Aggregate industry 0.6 9.0 40 1 61 5.6
EC = 2.9 " " 25 5.5
UK DHSC 3.2 4.9 8.1 2.4
Brazilian DECIT 3.0 6.5 0.8 3.5 14 1.8
Gates Foundation = 8.3 3.1 27 14 1.4
US CDC - - 7.9 1.5 9.5 0.8
Brazilian FAPESP - 0.8 1.5 2.3 0.8
Institut Pasteur 1.2 2.0 2.9 14 7.6 0.7
Canadian CIHR - - 0.6 1.3 1.9 0.7
Wellcome Trust - 11 2.0 11 4.2 0.5
Subtotal of top 12/ 6.1 169 238 198 607 98
Disease group total 6.1 170 243 202 621 g [0]0]

Funding organisation did not participate in the survey for this year.

" Subtotals for 2015-2017 top 12 reflect the top funders for those years, not the contributions
of the 2018 top funders. For the cumulative subtotal, the top 12 funders are those with the
highest overall totals.

- No reported funding
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In 2015 Zika R&D was predominantly publicly funded, with slightly more funding coming from low-
and middle-income governments ($3.0m, 48%) than from high-income countries ($2.5m, 42%).
Three years on the picture was drastically different, with HIC funding representing nearly 90% of the
2018 total, while LMIC funding accounted for less than 3%. Almost all LMIC public funding for Zika
R&D over the period 2015-2018 came from Brazil ($27m, 93%).

Investment from small pharmaceutical and biotechnology firms (SMEs) represented 10% of funding
in 2015 before tapering off rapidly, with no reported SME funding in 2018, whereas MNC investment
went from being wholly absent in 2015 to a peak of 16% of global funding ($40m) in 2017 at the
height of the R&D response to the outbreak.

Figure 5. Zika R&D funding by sector 2015-2018
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LASSA FEVER $45

MILLION

Lassa fever is caused by the Lassa virus (LASV), an arenavirus
which primarily spreads to humans through contact with the urine or
faeces of infected rodents (Mastomys natalensis).“> Human-to-human ®
transmission can also occur through direct contact with LASV-infected
bodily fluids. Symptoms of Lassa fever are non-specific, making it
difficult to distinguish from other viral haemorrhagic fevers and febrile
diseases such as malaria, typhoid fever and bacterial sepsis. While the
majority of cases of Lassa fever are mild, in severe cases, it may cause

facial swelling, fluid in the lung cavity, liver and kidney abnormalities, LASSA FEVER
haemorrhage, and death.** Lassa fever is endemic in parts of West Africa R&2%1F5U2NO%|&’3\]G

including Sierra Leone, Liberia, and Nigeria, where an estimated 100,000
to 300,000 infections and approximately 5,000 deaths occur annually.**

Due to a lack of accurate diagnostic tests, Lassa fever often goes undetected.

During the 2018 outbreak, for example, an investigation began after reports of a cluster of deaths
among healthcare workers from a single facility, revealing nosocomial transmission of LASV as the
cause of death — but not until more than two weeks had passed between the index case entering
the facility and accurate diagnosis.“® For LASV, correct and timely detection can single-handedly
change the course of an epidemic, especially since early treatment can significantly decrease
fatality.

Easy-to-use diagnostic tests are needed to accurately detect LASV, ideally across the disease
spectrum and for multiple lineages. Most currently available RDTs and immunoassays are limited
to use in research, while the three existing CE-IVD marked molecular tests require a health facility
with bio-containment capabilities. The recombinant Lassa virus (ReLASV®) Antigen Rapid Test
underwent field evaluation in 2018, performing better than the most robust gPCR currently
available and signalling a promising advancement in clinical management of Lassa fever patients.*
More recently, a CRISPR-based point-of-care test with the ability to capture 90% LASV diversity
was successfully deployed during recent outbreaks in Sierra Leone and Nigeria.*®

Ribavirin, in conjunction with supportive therapy, is the current mainstay of LASV case
management and pre-and post-exposure-prophylaxis (PrEP/PEP), although there is no
conclusive evidence that ribavirin is effective for PEP. However, ribavirin is most effective when
given intravenously and within the first six days of illness, so what is needed is a shelf-stable oral
therapeutic agent, which is effective against multiple LASV lineages. In June 2020, LF-535, a novel
entry inhibitor completed a first-in-human Phase | trial.*®

More study is also warranted to confirm the mechanism of action, indications and optimal routes
of administration of the current ribavirin-based treatment, which is backed by only one non-
randomised study. A better understanding of ribavirin could open up new avenues for discovering
new therapies, including combination treatments.

There is currently no approved vaccine for Lassa fever, reflecting the challenges associated with
its development: genetic diversity of the pathogen; poorly-understood correlates of protection;
differences in safety profile between preventive and reactive use; observed potential for immune-
mediated neurological complications; and necessity for both cell- and antibody-mediated
response for optimal protection. Multiple candidates based on live-attenuated, VSV-vectored or
DNA platforms are in pre-clinical development, and are mostly reliant on antigen derived from
a single strain of LASV. Two candidates have also entered Phase | trials, including MV-LASV - a
recombinant live attenuated viral vectored vaccine and a DNA vaccine — INO-4500.44¢
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Overall, funding for Lassa fever and other arenaviruses increased substantially in 2018, due
entirely to a new stream of vaccine funding from CEPI. CEPI spilit its first wave of disbursements,
totaling $20m in 2018, across several recipients, including IAVI, the Jenner Institute and
Profectus BioSciences — the latter for a candidate previously supported by the US NIH. Inovio
Pharmaceuticals was also among the first round of CEPI funding recipients, receiving $6.5m shared
across its INO-4700 MERS candidate and pre-clinical development of its INO-4500 DNA Lassa
fever vaccine, which progressed to Phase | trials beginning in mid-2019.

Table 6. Lassa fever R&D funding 2015-2018

S

> 2017
Lassa fever 93
Other arenaviral R&D in combination with 70

Lassa fever

Disease group total

But while CEPI's contribution propelled both vaccine-specific and overall funding for Lassa fever
R&D higher in 2018, non-CEPI funding fell by a quarter. This was primarily due to reduced funding
from the US NIH, in the form of a near-$10m decrease in the NIH’s intramural basic research
funding via their Integrated Research Facility at Fort Detrick, as the focus of its funding shifted away
from Lassa and Nipah to basic research into other emerging infectious diseases.

FUNDING BY DISEASE

Reductions in NIH self-funding also included a halt in its intramural funding for multiple arenavirus
R&D so that, while funding specific to Lassa rose following CEP/I’s initial disbursements, funding for
other arenaviral R&D fell by half between 2017 and 2018.

Figure 6. Lassa fever funding by product 2015-2018
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Contributions to Lassa fever R&D from other funders outside of the US NIH and CEPI have been
minimal in comparison, including an absence of reported R&D funding from Nigeria and the other
West African nations where Lassa fever is endemic. Given the limited coverage of the G-FINDER
survey in these nations, it is difficult to know whether this reflects a genuine lack of R&D funding, or
simply a gap in our data collection. It would be prudent to assume that these figures may slightly
understate the true level of global investment in Lassa R&D, but the overall picture shown by Table
7 of a heavy reliance on just two funders — and limited interest from most high-income country
governments — is undoubtedly correct.

Table 7. Lassa fever R&D funders 2018

A ~q®"°’®\ x’\&\
& <<\\)\'3’5\ \%e[oo
NS > 9
w“de(

US NIH 8.9 25 30 22 86 49
CEPI - - 20 20 45
Wellcome Trust - 0.9 2.0 2.0 4.8 4.3
Us CDC = 1.8 0.4 0.4 2.6 0.9
German DFG - 3.4 0.2 0.2 3.7 0.4
Swiss SNSF = = 0.2 01 0.3 0.3
Gates Foundation = = = 0.1 0.1 0.2
Volkswagen Foundation <01 <01 0.1 0.1
Institut Pasteur 0.6 0.7 11 <01 2.4 <041
Argentinian MINCYT - - <041 <01 <01 <01
EC 0.1 0.2 | <01 - 0.4 -
UK MRC - <01 - - <041 -
Disease group total 9.6 32 Lz 45 121 100

Funding organisation did not participate in the survey for this year.
- No reported funding

The outsized contribution of the NIH and CEPI colours the picture of sectoral funding shown in
Figure 7, with public funders in high-income countries accounting for the vast majority of funding
from 2015-2017, and intermediaries (specifically CEPI) changing the landscape in 2018. The
Wellcome Trust became the first philanthropic organisation to contribute funding for Lassa fever
R&D in 2016, and its contributions have continued every year since.

Despite new actors becoming active in this research area, no industry self-funding has ever been
reported. The complete absence of reported industry investment into Lassa fever might also,
optimistically, reflect gaps in industry reporting rather than a lack of commercial incentives. We
are, however, beginning to see industry involvement via externally funded product development,
particularly CEPI’s first round of funding.
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Figure 7. Lassa fever R&D funding by sector 2015-2018
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CORONAVIRUSES $41
(MIDDLE EAST RESPIRATORY SYNDROME AND
SEVERE ACUTE RESPIRATORY SYNDROME) MILLION

Coronaviruses (CoVs) are a large family of viruses that cause respiratory
illness in humans, ranging from mild common cold symptoms to the
potentially fatal Middle East Respiratory Syndrome (MERS), Severe
Acute Respiratory Syndrome (SARS), and, of course, COVID-19. The
intermediary hosts and zoonotic source of human infection by MERS-CoV
are dromedary camels, while SARS-CoV is transmitted by palm civets;

however, the natural reservoir for both CoVs is thought to be bats.*® MERS (Cl\/(I)EFIa:}OSN&A\S/fF%JSS)
infection can occur either through contact with infected dromedaries or R&D FUNDING
upon ingestion of camel products; nosocomial infection of MERS is also 2016-2018
possible, although sustained human-to-human transmission is limited.®® SARS

is spread from human-to-human through respiratory droplets.® The symptoms of

MERS and SARS are non-specific, and both may include headache, fatigue, fever, sore throat, runny
nose, and diarrhoea; and, in severe cases, pneumonia, respiratory failure and death.®*'

MERS-CoV was first detected in 2012 in the Kingdom of Saudi Arabia (KSA). Since 2012, there
have been at least 2,499 confirmed MERS cases and 861 deaths (34% case fatality ratio) across
27 countries, the vast majority from the KSA.*? Outside of the Middle East, MERS has been
detected in North America, Europe and Asia, where a 2015 nosocomial outbreak in South Korea
resulted in 186 cases and 38 deaths.*®

SARS was first detected during the 2002-2003 epidemic in China - its first and last outbreak —
which spread to 26 countries, resulting in 8,098 cases and 774 deaths (10% case fatality ratio).>

Currently, there are no approved drugs or vaccines targeting MERS-CoV infection. An overarching
challenge impeding all aspects of research is the weakness of the available animal models in
accurately mimicking the disease in humans.

Drawing on the experience with SARS, initial therapies for MERS case management included the
use of convalescent plasma and ribavirin in conjunction with various interferons (IFNs).%® Although
the subsequent invitro studies of ribavirin in combination with IFNs appeared promising, in vivo
studies showed no clear effect.*® Based on the current understanding of MERS pathogenesis,
a combination antiviral and antibody therapy seems more appealing. Reflecting this view, a
combination of a repurposed drug (lopinavir/ritonavir) and a biologic (IFN-B1b) completed Phase
[Io/11l trials in 2020.5” Additionally, @ human polyclonal antibody (SAB-301) and a cocktail of human
monoclonal antibodies (REGN3048-3051) have completed Phase | trials, while remdesivir, a novel
broad-spectrum antiviral with a proven safety profile, is in pre-clinical evaluation.®

The vaccine design approaches currently under investigation are based on a wide-array of
platforms such as DNA, viral-vectored, inactivated, live-attenuated, protein-based and virus-like
particles.® Six vaccines based on these approaches are in various stages of clinical development
— five viral vectored-vaccines (ChAdOx1MERS, MVA-MERS-S, MVA-MERS-S_DF-1, BVRS-
GamVac and BVRS-GamVac-Combi) and one DNA vaccine (GLS-5300).%%¢-%2 ChAdOx1MERS,
MVA-MERS-S and GLS-5300 have completed Phase | trials and each have been found to be
safe, tolerable and immunogenic.%*-%° Most vaccines in development rely on the MERS-CoV spike
protein. In addition to human vaccine development, a transmission-blocking MERS dromedary
vaccine is also under consideration.®

SARS-CoV-related vaccine research did not progress beyond the pre-clinical stage with no
candidate ever tested in humans. Nevertheless, the initial research carried out for SARS helped
jump-start MERS-CoV vaccine development; specifically, the knowledge gained on safety-related
issues was particularly beneficial. COVID-19 vaccine development efforts have benefited from
the work previously done on MERS and SARS, as evidenced by the fact that the most advanced
COVID-19 vaccine is based on a platform already investigated for MERS.

Creation of an accurate, rapid test to diagnose MERS is rendered challenging by the need for
specimens taken from the lower respiratory tract. Consequently, there are currently no point-
of-care molecular tests or RDTs available for use outside of research, requiring that suspected
samples be sent to a laboratory with biosafety capabilities.®”
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Since the G-FINDER survey only began tracking coronavirus R&D in 2016, these figures do not
capture the surge in R&D funding during and immediately following the 2002-2004 SARS-CoV
outbreak, nor the baseline level of R&D funding for MERS-CoV prior to outbreaks in 2014 in Saudi
Arabia, and 2015 in South Korea. Similarly, funding for SARS-CoV-2 — the virus responsible for
COVID-19 and which was discovered only in late 2019 — is also not yet included here. Preliminary
figures based on announced commitments can be accessed via the Policy Cures Research COVID
R&D Tracker, while pre-2019 funding which might have contributed to the preparation for SARS-
CoV-2 is discussed under ‘COVID-19: PREPARATION AND RESPONSE’, below.

Global funding for coronavirus R&D nearly doubled between 2016 and 2017, peaking at $44m
before falling slightly in 2018. While the growth in funding between 2016 and 2017 was shared
across all three categories of coronavirus R&D included in our survey — MERS, SARS, and research
on multiple coronaviruses — the fall in 2018 funding fell exclusively on SARS and multi-coronaviral
R&D. This fall, combined with a slight rise in funding for MERS, meant that more than three-
quarters of 2018 coronavirus funding was specifically directed to MERS, up from a little under half
in 2016.

Table 8. Coronavirus (MERS & SARS) R&D funding 2016-2018
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Middle East Respiratory Syndrome 1 23 32 66 78
Severe Acute Respiratory Syndrome 7.6 13 5.7 26 14
Other coronaviral R&D in combination with

MERS and/or SARS S I I L

Disease group total

The substantial 2018 growth in MERS funding occurred despite across-the-board reductions in
coronavirus funding from the US NIH, and was a result of the first ever disbursement for MERS
R&D from CEPI. CEPI disbursed a total of $12m, split across two candidates: one developed by the
UK-based Jenner Institute and the other from Inovio Pharmaceuticals, which received a grant from
CEPI covering both its INO-4500 Lassa fever and its INO-4700 MERS candidates.

The Jenner Institute’s CEPI funding went to support the commencement of clinical development of
its ChAdOx1 candidate, which received $1.5m in initial funding from the UK Department of Health
and Social Care (DHSC) in 2017, and which would subsequently be adapted to protect against
SARS-CoV-2.

The 2015 South Korean MERS outbreak sparked ongoing contributions to vaccine R&D from its
public, private and philanthropic sectors. Most of this funding flowed to product developers via the
International Vaccine Institute (IVI), a South Korea-based product development partnership (PDP).
These contributions, totalling a little under $10m, made VI the third-largest overall contributor
between 2016 and 2018, with its efforts focused on advancing the GLS-5300 MERS DNA vaccine
through Phase lb/lla trials.
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Vaccinating MERS-CoV animal reservoirs can potentially reduce transmission to humans and
provide an economical means of preventing future outbreaks. Funding for early-stage development
for an MVA-based MERS camel vaccine was provided by the German Federal Ministry of Education
and Research (BMBF), while the Jenner Institute’s ChAdOx1 MERS candidate has also been
shown to be a promising candidate for vaccination in dromedary camels, in trials supported by the
King Abdullah International Medical Research Center. Another strand of reservoir targeted vaccine
R&D uses a llama model as surrogate for dromedary camels in MERS-CoV vaccination studies
conducted by the Spanish Institute of Agrifood Research and Technology and supported by the
EC-funded Zoonotic Anticipation and Preparedness Initiative (ZAPI).

The US NIH has been the most significant funder of coronavirus R&D by far, providing more than
two-thirds of global coronavirus funding between 2016 and 2018. It was responsible for the spike in
funding in 2017 — driven in large part by a $12m grant to support development of drugs for MERS-
CoV at the Frederick National Laboratory for Cancer Research — and was the source of more than
95% of all identified funding for coronavirus drug R&D between 2016 and 2018. The NIH has also
been the biggest supporter of basic research into coronaviruses, including multi-year grants to
Ecohealth Alliance for efforts to understand the risk of bat coronavirus emergence, and funding to
Dartmouth College and the University of Texas at Austin to help understand the structure, function
and antigenicity of coronavirus spike proteins. The latter work which proved transferable to SARS-
CoV-2 vaccines, particularly the most advanced mRNA candidates).

Due to the lack of reporting from organisations based in China, the epicentre of the 2002-2004
SARS outbreak, and the absence of MERS funding data from Saudi Arabian organisations, our
data may understate the true level of global coronavirus R&D funding.
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Table 9. Top coronavirus (MERS & SARS) R&D funders 2018
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US NIH 21 36 20 77 48
CEPI - - 12 12 29
VI 0.9 2.3 6.2 9.3 15
EC 1.0 0.7 0.8 2.5 2.0
French ANR - - 0.6 0.6 1.4
German BMBF - <0.1 0.5 0.6 1.3
German DZIF 0.4 0.4 0.9
German DFG 1.9 0.5 0.4 2.8 0.9
UK MRC - 0.3 0.3 0.6 0.6
Aggregate industry <01 - 0.2 0.3 0.5
Swiss SNSF <0.1 04 | <01 0.5 0.2
Wellcome Trust - - <01 <01 0.2
Subtotal of top 12/ 25 44 4 109 100
Disease group total 25 44 4 110 (o]0}

Funding organisation did not participate in the survey for this year. Any
contributions listed are based on data reported by funding recipients so may be
incomplete.

" Subtotals for 2016-2017 top 12 reflect the top funders for those years, not the
contributions of the 2018 top funders. For the cumulative subtotal, the top 12
funders are those with the highest overall totals.

- No reported funding

FUNDING BY DISEASE

As Figure 9 shows, funding for MERS & SARS R&D has largely come from high-income country
governments, which have contributed 80% of the total funding over the three years covered by our
data. The jump in funding from intermediaries in 2018 comes largely due to $12m in new funding
from CEPI, although IVI has contributed to ‘Other Intermediary’ funding since 2016 and ramped-
up its funding to South Korean SMEs in recent years. Although funding has been reported from
MNCs, SMEs and philanthropic organisations, these sectors jointly contributed less than 0.5% of
total funding.
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COVID-19: PREPARATION AND RESPONSE

This report is by nature retrospective; each year we collect comprehensive and granular information
from organisations on the R&D they have funded or undertaken in the previous financial year,
before being able to analyse and report on it. But any discussion of the global landscape of
investment in coronavirus R&D would be incomplete without some analysis of the R&D response to
the emergence of SARS-CoV-2 and the subsequent COVID-19 pandemic.

Some of the groundwork for the response to COVID-19 was laid by the R&D investment between
2014 and 2018 analysed above. Several of the vaccines now under development for SARS-CoV-2
build on platforms developed for use in MERS and SARS R&D, including the Jenner Institute’s
ChAdOx1 and Inovio’s INO-4800. Increased investment in these platforms and products might
have shortened the time necessary to adapt them to COVID-19.

The other major element came in the form of support for multi-family vaccine platforms, such
as the Coalition for Epidemic Preparedness Innovations (CEPI)’s funding commitments to three
vaccine platforms which have since been adopted as part of the world’s response to COVID-19:
R&D of the Imperial College London RapidVac self-amplifying RNA vaccine platform; University
of Queensland’s ‘molecular clamp’ platform; and CureVac’s mRNA vaccine platform — The RNA
Printer™.

Since the emergence of COVID-19, Policy Cures Research has begun tracking funding
commitments for COVID-19 on a rolling basis, as an adjunct to the annual G-FINDER survey on
which the figures in this report are based, including funding for basic research, vaccines, drugs,
diagnostics and biologics. The weekly reporting we use to track funding announcements for
COVID-19 R&D means that the data we gather draws on press releases and media reports, rather
than survey responses from funders and recipients; does not capture self-funded investment from
private pharmaceutical companies unless reported to the media; lists total announced funding
commitments, not actual annual disbursements given and received; and is quoted based on the
US dollar value of the commitment as on the day it was made.

We look forward to updating these preliminary estimates based on the more detailed and accurate
G-FINDER methodology in the years to come, but present them here as an initial comparison with
the other EID funding figures presented in this report.

As at 4 September 2020, global committed funding for COVID-19 R&D was $9.1b, easily eclipsing
total Ebola funding over the entire 2014-2018 period ($1.9b).

Three-fifths of the $9.1b in funding announced for COVID-19 R&D has been committed to vaccines
($5.4b, 60% of the total), followed by $778m (8.6%) for diagnostics, $594m (6.6%) for drugs, $589m
(6.5%) for biologics and $213m (2.3%) for basic research.

Compared to the response to previous outbreaks of Ebola and Zika, a much larger proportion
of COVID-19 funding has been committed to diagnostics and vaccines, and much less to basic
research. Looking only at the $7.6 billion of COVID-19 R&D funding commitments clearly identifying
funds for a specific product, 71% went to vaccines and 10% to diagnostics. Less than 3% went to
basic research. During the global response to the West African and DRC Ebola outbreaks, and the
South American Zika outbreak, 16% of product-specific funding went to basic research, while 63%
went to vaccines and only 4% to diagnostics.

Even in absolute terms, Ebola received more funding for basic research than has been committed
for COVID-19 — albeit over a longer period of time. The 15% share of funding for treatments — drugs
and biologics - is relatively similar to the average level for past pandemic responses; below the
22% share for Ebola, but well above the 4.7% of Zika funding that went to therapeutics R&D. The
increased focus on diagnostics for COVID-19 follows broader acknowledgement of the critical
importance of testing to control this pandemic — possibly driven by the prevalence of COVID-19
in nations committed to a national-scale test and trace approach to controlling the pandemic —
reflected in the inclusion of diagnostics as one of the three key pillars in the ACT-Accelerator. The
comparative lack of basic research funding is influenced by the fact that product-specific funding
lends itself to the announcement of large commitments in a way that basic research does not, but
raises concerns that a greater share of funding should be directed to building an understanding of
the fundamental characteristics of SARS-CoV-2.
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CEPI has received more vaccine funding commitments in the first half of 2020 than in the nearly
three years prior combined. CEPI has received just under $1.2 billion since the start of 2020
compared to a total of $778 million in funding commitments reported between its inception in 2017
and the end of 2019.

Global drug and biologic R&D has likewise received a little under $1.2 billion in funding
commitments. The largest recipient of this therapeutics funding is the COVID-19 Therapeutics
Accelerator. Backed by the Bill & Melinda Gates Foundation, the Wellcome Trust and Mastercard,
the Accelerator was created in CEPI's image to serve as a therapeutics-focused response to the
emerging pandemic, with the Foundation for Innovative New Diagnostics (FIND) setting itself up in
a similar role for COVID diagnostic development. However, without CEPI's pre-existing connections
with key public funders, the Accelerator has mostly drawn support from a different stable of
funders; to date it is almost exclusively funded by philanthropic organisations, with the UK’s
Department for International Development currently its only significant public funder.
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The top 10 national governments who’ve publicly announced funding have jointly committed
just under $7.8 billion, more than 90% of total public funding. The US government contributed
close to half of all public funding ($4.0b, 48%) and 44% of total committed funding for COVID, it
has in particular focused its funding on domestic recipients, reflecting large grants to US-based
pharmaceutical companies as part of Operation Warp Speed. Alongside the ongoing funders of
EID R&D, including the UK, France and Germany, many governments which haven’t traditionally
provided significant funding have announced major contributions, such as South Korea ($305
million), Saudi Arabia ($160 million) and Spain ($113 million), along with a diverse array of charitable
foundations and corporate donors. The figure below sets-out the major public contributors to
COVID R&D.

Top public funders of COVID-19 R&D
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While our reliance on public announcements for tracking COVID funding commitments means
that we fail to capture R&D investments made by the pharmaceutical industry itself, our figures do
show the major role of MNCs and SMEs as the recipients of COVID R&D funding. Pharmaceutical
companies have received funding commitments for research and development totalling more than
$3.9 billion (excluding funds identified as purely for manufacturing), a narrow majority of which went
to small pharmaceutical and biotechnology companies. This represents just over two-fifths of the
funding announced to date, and nearly two-thirds of the funds for which a recipient is identified.
The figure below shows the flow of funding for COVID-19 R&D and the distribution between
different types of recipients, as well as the role played by intermediaries in distributing funding.



COVID-19 R&D funding flows

Public sector

Other/unknown

Philanthropic

COVID-19 R&D TRACKER

https://www.policycuresresearch.org/covid-19-r-d-tracker

Small pharma and
biotechs

Other/unknown

Multinational pharma
companies

Academic & other research
institutes

FUNDING BY DISEASE

PAGE
33



FUNDING BY DISEASE

PAGE
34

CRIMEAN-CONGO $19
HAEMORRHAGIC FEVER
AND RIFT VALLEY FEVER

Crimean-Congo haemorrhagic fever (CCHF) and Rift Valley fever (RVF)

are caused by bunyaviruses, and are transmitted to humans via insect

vectors (ticks of the genus Hyalomma and Aedes/Culex mosquitoes

respectively), as well as zoonotic transmission from infected animal

tissues.®¢ Reservoir hosts of the CCHF virus include a range of animals

— such as cattle, sheep, goats and hares — which become infected by CCHF & RVF
the bite of infected ticks but do not manifest the disease.®® Human-to- R&D FUNDING
human transmission of CCHF can occur upon direct contact with virus- 2015-2018
infected bodily fluids. In contrast, RVF can cause disease in livestock, with

transmission to humans upon contact with virus-infected blood or organs.

Human infection from bites of virus-infected mosquitoes is less common. There is

no documented evidence of human-to-human transmission of RVF.

CCHF and RVF have similar symptoms to other viral haemorrhagic fevers, making early clinical
diagnosis challenging, including fever, sensitivity to light, fatigue and dizziness, sometimes
progressing to haemorrhage, organ failure and shock.%®% |ess than one in ten RVF cases progress
to severe disease, manifesting as ocular, meningoencephalitis, and/or haemorrhagic fever.®°

CCHEF is endemic everywhere its tick vector is located, including sub-Saharan Africa, South and
Central Europe, the Middle East and Central Asia.”™ In contrast, RVF is mainly limited to sub-
Saharan Africa, and, since 2000, the Middle East.*® CCHF cases occur sporadically, primarily
in rural areas, with a case fatality ratio of up to 40%.% There have been more than a dozen RVF
outbreaks since 2000, with an average case fatality ratio of 1%, although this can vary widely
depending on the outbreak — reaching up to 50%.%"" Given the central role of livestock in
contributing to human disease, CCHF and RVF are both exemplars of the need for a One Health
approach to developing new countermeasures.’’

With no approved drugs, CCHF case management relies on supportive care. Ribavirin is widely
prescribed based on in vitro testing, though the clinical evidence is inconclusive. The therapeutics
pipeline is weak, with no CCHF candidates in the clinical phase. Broadly neutralising and non-
neutralising mAbs are undergoing study, while favipiravir, a broad-spectrum RNA inhibitor has
shown promising results in pre-clinical studies. Conclusive evidence on the efficacy of ribavirin and
mADbs, along with the in vitro screening of new and existing antivirals is urgently needed.™

A cell culture-based vaccine, KIRIM-KONGO-VAX,” is the only CCHF investigational candidate
currently in clinical development. Effective CCHF vaccines targeting humans and animal reservoirs
are urgently needed.

Suspected CCHF samples are primarily processed by large laboratories, using in-house
assays. Point-of-care molecular tests are not currently available, and there are no RDTs under
development. The unreliability of using serological biomarkers in the initial phase of infection further
complicates the development of an appropriate diagnostic tool. As with vaccines, diagnostics are
also needed to monitor the spread of disease in animals.

RVF is typically a self-limiting febrile illness. In the absence of approved drugs, supportive therapy
is the only option for managing patients with severe RVF. While no RVF drug candidates have
reached clinical development, two broad-spectrum antivirals — a non-nucleoside inhibitor (favipiravir)
and a nucleoside analogue (BCX4430)®" — are in pre-clinical development.

In late 2019, WHO published a draft RVF vaccine TPP calling for a trio of vaccines for control
of RVF: a human vaccine for reactive/emergency use and one for long term protection for high
risk people, and an animal vaccine for prevention of transmission.” There are several veterinary
vaccines in routine use to prevent RVF infection in livestock, albeit with concerns about safety,
effectiveness and the potential for reassortment with wild strains. To date, only two RVF vaccine
candidates, one inactivated (TSI GSD 200) and one live-attenuated (MP12), both developed by
the US DOD, have undergone human testing. All candidates based on novel approaches such as
DNA and viral-vectors remain in the pre-clinical stage.

There are currently no point-of-care molecular tests in late-stage of development and no validated
commercial serology assay for human specimens.



Funding for CCHF & RVF has historically been lower than most other priority EID families. Since it
was included in the G-FINDER survey in 2015, there has been no reported funding from industry,
no involvement from US BARDA and no funding in the first round of disbursements from CEPI —
despite the presence of RVF on CEPI’s list of priority diseases.

In the absence of contributions from these major players, bunyaviral funding has historically come
mostly from the US NIH, the US DOD and the European Commission, which between them
provided more than 80% of the funding for RVF & CCHF prior to 2017. This picture may, however,
slightly underestimate total funding, given the complete absence of reported industry investment,
and of any potential Russia-based R&D focused on the Russian/Bulgarian inactivated CCHF
vaccine candidate.

There was a significant shift in the funding landscape for CCHF & RVF between 2016 and 2017.
Prior to 2017, reported funding focused heavily on basic research and early-stage vaccine R&D for
RVF and multiple bunyaviruses. In 2017, the establishment of several new funding streams led to
a near-doubling of overall funding, and a shift in emphasis towards clinical development of CCHF
vaccines.

Table 10. CCHF & RVF R&D funding 2015-2018
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Crimean-Congo Haemorrhagic Fever 0.9 17 8.2 12 23 65
Rift Valley Fever 1.1 2.7 3.8 3.3 11 17
8?!3!22%%2\?:\?&[) in combination with <01 5. 6.4 3.4 15 18

Disease group total

The focus on CCHF, which went from being the least funded of the bunyaviral diseases in 2016
to by far the most funded in 2018, reflects a new stream of official development assistance (ODA)
funding originating from the UK DHSC. This funding stream, directed through the UK Vaccines
Network with the assistance of Innovate UK, targets several new CCHF vaccine candidates,
including one developed by a group of UK-based academics at the Jenner Institute.
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Figure 10. CCHF & RVF funding by product 2015-2018
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In fact, funding for bunyaviral vaccines has now increased every year since it began to be captured
in the G-FINDER survey. The pool of vaccine funders has increased significantly, expanding from
the US NIH and DOD alone in 2016 with the inclusion of four new European and Canadian funders
in 2017. The most significant of these were the new 2017 funding streams from the UK DHSC and
the EC, to their separate vaccine programmes, which they then further increased in 2018.

The UK DHSC was the first to fund clinical development studies for CCHF & RVF, and has been
the only funder of clinical development for the past two years. In 2018 it began funding a Phase |
vaccine clinical trial of the ChAdOx1 and ChAdOx2 candidates for CCHF, using the same vaccine
platform later used for the Jenner Institute COVID-19 vaccine.

These investments helped to drive the maturation of the bunyaviral vaccine pipeline since 2015,
which has seen the share of vaccine funding going to clinical development grow from nothing
in 2015 and 2016 to more than a third in 2017, reaching almost two-thirds in 2018. A significant
share of total bunyaviral vaccine and biologics R&D funding between 2016 and 2018 came via
the US DOD'’s Viral Threats Research programme, which funds candidates against a range of
haemorrhagic fever viruses, including CCHF & RVF.

In addition to its funding for human vaccines, the UK DHSC also invested in the clinical
development of a range of reservoir-targeted livestock vaccines for both CCHF & RVF, providing a
total of $2.7m under a one year joint grant to the Pirbright Institute and Public Health England.



Table 11. Top CCHF & RVF R&D funders 2018 I I I
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UK DHSC 5.4 7.5 13 40 m
US NIH 1.8 4.4 51 4.4 15 23 —
EC 0.2 1.2 1.9 2.0 53 10 D
US DOD = 2.3 1.3 1.3 4.8 7.0
UK Biotechnology
Research Council 02 Gz e >
Institut Pasteur 0.2 0.1 0.5 0.8 1.6 4.4 m
German DFG = = 21 0.7 2.8 3.6
Wellcome Trust 0.2 0.8 0.7 0.5 2.2 2.5 u
Canadian CIHR = = 0.2 0.4 0.6 1.9
Brazilian FAPESP = 0.3 0.3 0.5 1.3 Z
Burroughs Wellcome Fund 0.1 0.1 0.6 —
UK MRC -| <01 041 041 0.3 0.6 D
Subtotal of top 12~ 2.0 9.7 18 19 49 99
Disease group total 2.0 9.7 18 19 49 100 Z
Funding organisation did not participate in the survey for this year. Any contributions
listed are based on data reported by funding recipients so may be incomplete. '
"~ Subtotals for 2015-2017 top 12 reflect the top funders for those years, not the contributions
of the 2018 top funders. For the cumulative subtotal, the top 12 funders are those with the I I
highest overall totals.

- No reported funding

Nearly all funding for CCHF & RVF during the 2015-2018 period was provided by high-income
country public funders. Although philanthropic organisations have consistently provided some
funding for CCHF & RVF R&D, their contributions represented only 5.2% of overall funding ($2.6m
in total). There was no reported funding from intermediary organisations or industry.
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Figure 11. CCHF & RVF R&D funding by sector 2015-2018
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NIPAH AND
HENIPAVIRAL DISEASES

Nipah virus encephalitis is a neurological and respiratory zoonotic :
disease caused by the Nipah virus (NiV). Along with Hendra virus (HeV), ®
which causes respiratory illness in horses and humans, NiV belongs to
the genus Henipavirus. Fruit bats belonging to the Pteropus genus are
the natural hosts of both NiV and HeV, and have a broad geographic
range.” Transmission to humans can occur through contact with

infected bats, food contaminated by bat secretions, as well as contact ~ NIPAH & HENIPAVIRAL

- ; : ; ; DISEASE
with infected intermediate hosts (e.g. pigs and horses) and other NiV/ R&D FUNDING

HeV-infected humans.®*® Symptoms include fever, headache, drowsiness, 2016-2018
disorientation, altered consciousness; severe cases may progress to
encephalitis, seizures and coma.®'#

The first recorded NiV outbreak occurred in 1998 among pig farmers in Malaysia and Singapore,
leading to 265 cases and 105 deaths (40% case fatality ratio).#*%* Since the first outbreak, there
have been more than 20 human outbreaks of NiV infection in Bangladesh and India, with at least
346 cases and 260 deaths overall.#*% The most recent outbreak occurred in May 2018, in Kerala,
India, with 18 confirmed cases and 16 deaths (89% case fatality ratio).®® In 1994 in Australia, HeV
spilled over from bats to horses and later to humans; since then there have been at least seven
human cases and four deaths.®” There is also serological evidence of NiV cross-neutralizing
antibodies in both bat and human populations in sub-Saharan Africa. Despite no recorded
henipaviral outbreaks in humans, this evidence suggests that spill-over events have indeed
occurred in sub-Saharan Africa and increased surveillance efforts are warranted.®

During the 2018 Indian outbreak, there was only a single episode of animal-to-human spill-over;
the driver of the epidemic was human-to-human transmission, with the index case transmitting the
disease in 19 out of the 22 cases. In such situations, timely detection and prompt utilisation of PEP
are vital for outbreak control.®

There are no approved therapies for managing NiV; treatment consists of supportive care, and,
during one outbreak, off-label usage of ribavirin.®® Results from animal studies are not promising;
NiV infects the central nervous system, making it challenging to generate the optimal therapeutic
class able to cross the blood-brain barrier. During the 2018 outbreak in India, authorities deployed
an experimental monoclonal antibody (m102.4) which had completed Phase | clinical trials and had
previously been used in humans as a PEP for HeV exposure.®® Immunomodulation is another
approach currently being explored; early results show poly-IC12U as effective in neutralising NiV
but it needs further evaluation using an improved animal model.®

Considering the lethal nature of NiV, the preferred vaccine development strategy is a live-vectored,
rather than live-attenuated, approach, such as the adeno-associated virus, vaccinia-virus or
VSV.® In early 2020, HeV-sG-V became the first NiV vaccine candidate to enter human, Phase |
trials.®' Delivering cross-protection against different strains of NiV though, remains a significant
challenge.®® Other promising vaccine approaches for henipaviruses include subunit vaccines
(shown to be protective against HeV in horses), as well as reservoir-targeted vaccines.**

Misdiagnosis was a significant factor in the length of the 1998-99 Malaysian NiV outbreak.*®®
Even in the absence of an effective vaccine, timely and accurate pathogen detection can help
in deploying effective countermeasures, such as Malaysia’s targeting of animal-to-human spill-
over. Developing an appropriate diagnostic test is challenging due to poorly understood disease
kinetics (in CSF, saliva and other fluids), cross-reactivity with different strains especially in animals,
and high rates of false-negative results from IgM serology-based tests.®> Consequently, there are
currently no accurate point-of-care molecular tests or RDTs available or in development, with only
specialised laboratories handling the isolation of NiV in suspected samples.*
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The first disbursements of vaccine R&D funding from CEPI began in 2018. For Nipah, this included
an initial $2.2m disbursement to Profectus BioSciences and Emergent BioSolutions, to advance a
Nipah vaccine candidate initially funded by the US NIH.

CEPI’'s involvement drove a rebound in Nipah vaccine funding, which had fallen to almost nothing in
2017 following a reduction in funding from the US NIH. The $2.2m disbursed by CEPI in 2018 was
almost double the previous high in 2016.

There was a large decrease in overall funding from the US NIH, although it remained the top funder
of Nipah R&D in 2018. The reduction was primarily due to a $6m decrease in intramural National
Institute of Allergy and Infectious Diseases (NIAID — part of the US NIH) basic research funding
through their Fort Detrick facility. Funding within this project was reallocated in 2018, with a shift
away from Nipah virus, in favour of other emerging infectious diseases.

Table 12. Nipah & henipaviral disease R&D funding 2016-2018
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Nipah ahl 11 10 38 93

Other henipaviral R&D including in

combination with Nipah o Tt Gz e o

Disease group total

Even with CEPI's entry into Nipah vaccine R&D, Nipah & other henipaviral diseases retained the
highest proportion of funding invested in basic research of all the priority emerging infectious
disease families (62% in 2018, though down from 93% in 2017). This reflects both continued gaps
in the fundamental knowledge surrounding these pathogens — gaps which need to be filled as
a precondition for effective product development — and the relatively small scale of the existing
funding commitments for product development, as shown in Figure 12.
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Figure 12. Nipah & henipaviral funding by product 2016-2018

0.4% 2%
9% 0.7%
1%

Unspecified

W Vector control products
Diagnostics

M Biologics

[ Vaccines
Drugs

M Basic research

2016 2017 2018

Though most funding for Nipah — and most of the individual funders — remain focused on basic
research, 2017 and 2018 each saw at least some investment across all product categories,
including drugs, biologics, diagnostics and VCPs as well as vaccines. Though very little of this
funding was identified as being for clinical development, these small, early-stage investments
suggest that earlier funding for basic research is beginning to bear fruit.

Of particular interest is the high proportion of funding invested in vector control products for Nipah
& other henipaviruses relative to other Blueprint EIDs. The majority of this funding comes via two
grants from the UK DHSC under its Vaccines for Global Epidemics programme, both aimed at
eliminating porcine viral reservoirs via the development of reservoir-targeted vaccines.

There is little reported funding for Nipah R&D from the nations where it is endemic. This may be
partly due to gaps in reporting, particularly in Bangladesh. The Indian Council of Medical Research
(ICMR) does provide some Nipah-focused intramural funding to its National Institute of Virology,
which is used to support field stations for conducting research in endemic areas, and which is
captured in G-FINDER as part of overall ICMR R&D spending; but its Nipah-specific funding isn’t
able to be isolated or included in these figures.
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Table 13. Nipah & henipaviral disease R&D funders 2018
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w@a
US NIH il il 6.3 29 56
CEPI = = 2.2 2.2 19
UK DHSC 0.3 1.2 14 10
French ANR 0.6 = 0.6 1.2 5.1
US CDC - 0.3 0.3 0.6 27
US DOD <01 <01 0.3 0.3 2.2
Swiss SNSF - 0.2 0.2 0.4 1.9
German DFG 1.8 0.2 0.2 241 1.4
Inserm - - <01 0.1 1.0
Aggregate industry - - <041 <041 0.5
Institut Pasteur - <01 - <01 -
EC 0.2 - - | <041 -

16

14

12

10

Disease group total

Funding organisation did not participate in the survey for this year.
- No reported funding

Essentially all funding for Nipah in both 2016 and 2017 was provided by high-income country public
funders (subject to the caveat above regarding ICMR’s funding to its National Institute of Virology).
This changed in 2018, when CEPI’s entry into the landscape resulted in 19% of funding coming
from intermediaries. There was also very little investment from SMEs, while no MNC investment in
Nipah R&D has ever been reported.

Figure 13. Nipah & henipaviral disease R&D funding by sector 2016-2018
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DISEASE X AND OTHER
NON-DISEASE-SPECIFIC
FUNDING

Along with the six Blueprint disease groups, the WHO has prioritised R&D
preparedness for ‘Disease X, which ‘represents the knowledge that a
serious international epidemic could be caused by a pathogen currently
unknown to cause human disease’.*®* Funding for Disease X in this report
includes the following categories:

Fundamental research covers cross-cutting studies to increase  DISEASE X & OTHER

R&D FUNDING

understanding of multiple EIDs, which is not yet directed towards a specific 2016-2018

technology. It includes research on disease surveillance and epidemiology,

animal-to-human spill-over events, and pathogen biology. Viral surveillance

studies in bats, for example, led to the 2018 discovery of Bombali virus,** a new

species of Ebolavirus.® Basic biology and pathogenesis studies using prototype viruses

help define target antigens and develop technology assays; for example, understanding of molecular
structures across the flavivirus family was instrumental in rapid translational research during the
recent Zika outbreak.®® Almost all EIDs are epizootic in nature, making a ‘One Health’ approach
essential to understanding wildlife/animal-human interface and drivers of spill-over.

Vaccine platforms include technologies and processes that allow the generation and presentation
of immunogens applicable to multiple pathogens. Pre-existing safety and immunogenicity data and
validated manufacturing practices allow rapid production and testing of platform-based vaccines.*
During the ongoing COVID-19 outbreak, a vaccine candidate based on an mRNA platform was
identified in just 42 days — a pharmaceutical industry record. Other leading technologies include viral
vector- and nucleic acid-based (‘plug and play’) platforms.® The most advanced platform-backed
EID vaccine candidates include a prime/boost viral vector-based Ebola vaccine (Ad26.ZEBOV/MVA-
BN-Filo) and a DNA-based ZIKV vaccine (VRC-ZKADNAO90-00-VP).%9"

Adjuvants and immunomodulators are compounds or structures formulated to improve efficacy
or duration of vaccine immunogens.® Adjuvants play a key role in subunit or purified antigen-based
vaccines, which lack immunostimulant properties. Current adjuvants have several drawbacks, such
as inability to induce a cellular immune response. Adjuvants in development include synthetic TLR
agonists, nanoemulsions and synthetic DNA formulated with alum — such as the alum-adjuvanted
purified inactivated Zika virus vaccine currently in development.

FUNDING BY DISEASE

Therapeutic platforms are adaptable technologies used for developing gene- and immune-based
drugs to prevent, cure or treat EIDs. Current therapeutics platforms in development include DNA-
and RNA-based monoclonal antibody (mAb) platforms and human polyclonal antibodies (pAbs) from
transchromosomic bovine systems.*

New delivery technologies and devices simplify administration of vaccines or drugs. Appropriate
delivery is vital to achieving the full therapeutic or prophylactic potential. Delivery technologies in
development include a polymeric microneedle system for DNA vaccines and nanoparticle-based
drug delivery systems, 0010t

General diagnostic platforms are rapidly adaptable tools for detecting pathogens for which
commercial diagnostic tests are unavailable. During recent Ebola and Zika outbreaks, diagnostic
platforms allowed rapid development of highly-sensitive field-appropriate tests.”'% Technologies
used for platform-based diagnostics include molecular (reference or point-of-care test), high-
throughput testing based on real-time PCR and lateral flow rapid diagnostic assays. Diagnostic tests
in development based on these technologies include real-time RT-PCR kits, RT-LAMP, antigen and
antibody-based assays, and cartridge-based point-of-care molecular tests.

Broad-spectrum antivirals include small molecule compounds, which inhibit essential machinery
of multiple virus families. The development pipeline includes favipiravir, an RNA-dependent RNA
polymerase inhibitor, and UV-4B, an alpha-glucosidase inhibitor."41%

The multi-disease vector control product category captures funding targeting vectors capable
of transmitting several different diseases or unspecified vectors. These include altering mosquito
populations using genetic tools and sterile insect technique, chemical and genetic screens to identify
molecules targeting Aedes aegypti mosquitoes, and Aedes-targeted Attractive Targeted Sugar Baits.'®

The unspecified R&D category captures efforts across pathogen families or for unspecified
pathogens.
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This report combines two strands of ‘Disease X’ research: our measure of Disease X funding
includes R&D focused on ‘pathogens currently unknown to cause human disease’, along with
‘cross-cutting R&D preparedness’.

The first of these strands includes only research and development which is genuinely agnostic
as to the diseases it targets — meaning that it is restricted to fundamental research, platform
technologies (including multi-family vaccines), broad-spectrum antivirals and possibly some forms
of multi-disease vector control.

The second definition — cross-cutting R&D — is broader, and potentially includes any funding which
is not earmarked for a single specific priority pathogen. In practice, cross-cutting research which
focuses on a single disease family, and which targets at least one priority pathogen, is included
alongside the relevant individual pathogens in individual disease chapters. Multi-family cross-
cutting R&D, including multi-disease VCPs which target multiple known pathogens are included in
this chapter under “multi-disease VCPs” while grants which target multiple or unspecified EIDs are
categorised here as “Other R&D”.

Multi-disease R&D targeted at multiple non-priority pathogens is outside the scope of this report
and is not included in any of our figures.

Figure 14. Disease X & Other R&D funding by product 2016-2018
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The three Disease X funding streams which make up CEPI’s vaccine platform portfolio, were
announced in 2018 but did not begin disbursements until 2019 — meaning that this funding is not
captured in our figures for 2018. These three projects were: a contract totalling up to $8.4m for
RapidVac, Imperial College London’s a self-amplifying RNA (saRNA) vaccine platform; up to $11m
for the University of Queensland’s ‘molecular clamp’ platform; and up to $34m to CureVac’s mRNA
vaccine platform. The funding for these projects later played an important role in early efforts to
create a vaccine for SARS-CoV-2.



While funding for Disease X & Other R&D grew by almost $100m in 2018, nearly half of this increase
was the result of single $44m grant from France’s Inserm, which targeted Ebola, Marburg and
Lassa fever but which could not be apportioned between them and was therefore marked as ‘Other
R&D'. A further $10m of the 2018 growth in Other R&D came via an increase in US NIH funding for
a wide range of cross-cutting research programmes.

The growth in ‘true’ Disease X funding came mostly via a big jump in platform funding going to
general diagnostic platforms along with adjuvants and immunomodulators, the latter driven by $7m
in new investment from the US NIH to several product developers. The surge in diagnostic platform
funding, on the other hand, reflects the growing interest in rapid, simple and specific point-of-care
diagnostics for triage, including multiplexed pathogen detection systems — which are capable of
detecting multiple pathogens at the same time — for priority EIDs, as well as pathogen-agnostic
technologies, such as that developed by the EC-funded Viruscan project which uses biophysical
properties to detect any virus or bacteria

There was also a substantial increase in multi-disease VCPs, skewed towards products targeting
the Aedes aegypti mosquito — the vector for Zika, as well as (non-priority pathogen) Chikungunya
and dengue fever.

Funding for therapeutic platforms (including drug delivery technologies and devices), however,
continued to stagnate. The ongoing need for additional investment in this area, is reflected by
CEPI's 2019 launch of a year-long call for innovative platforms for ‘immunoprophylactics’. This
programme will generate the much-needed rapid antibody development platforms for new
preventive therapeutic candidates, and in concert, develop novel assay reagents useful for R&D of
the antibody-based tests required to measure the population’s degree of exposure to an epidemic
disease.

Table 14. Platform technology funding 2016-2018
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General diagnostic platforms 1.6 9.8 18 30 47
Adjuvants and immunomodulators 1.3 0.6 10 12 26
Vaccine platforms & multi-family vaccines 0.9 41 7.8 13 20

Vaccine delivery technologies and devices <01 0.4 2.6 3.0 6.6

Therapeutic platforms 0.9 0.2 0.2 1.3 0.6
Drug delivery technologies and devices - <041 <01 <01 0.2
Total platform funding 4.7 15 39 59 100

- No reported funding
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Table 15. Top Disease X & Other R&D funders 2018
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US NIH 4.2 23 45 72 26
Inserm 1.2 3.5 44 49 26
US DOD 3.1 16 9.3 28 5.4
Aggregate industry 0.3 1.0 8.9 10 5.2
US CDC - 2.6 8.5 1 5.0
UK DHSC 0.6 1.3 7.6 9.5 4.4
Wellcome Trust 0.2 2.8 7.5 10 4.4
EDCTP - 3.1 6.8 9.9 3.9
Gates Foundation 1.7 1.1 4.7 7.5 2.8
UK MRC 0.3 0.5 4.4 5.2 2.6
German DZIF 3.7 3.7 2.2
EC - 2.5 3.1 5.6 1.8
Subtotal of top 12/ 14 65 153 224 89
Disease group total 14 73 171 259 (o]0}

Funding organisation did not participate in the survey for this year. Any
contributions listed are based on data reported by funding recipients so may be
incomplete.

" Subtotals for 2016-2017 top 12 reflect the top funders for those years, not the
contributions of the 2018 top funders. For the cumulative subtotal, the top 12
funders are those with the highest overall totals.

- No reported funding

As with other priority EIDs, Disease X & Other R&D has received most of its funding from high-
income country governments, which provided more than three-quarters of all funding since its
inclusion in the survey. Proportionally, the share of funding from HIC governments has been
declining with the growth in funding from philanthropic funders and intermediaries. In absolute
terms, funding from all sectors grew between 2016 and 2017, with most sectors — with the
exception of SMEs and LMICs — further increasing their funding in 2018.
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Figure 15. Disease X & Other R&D funding by sector 2016-2018
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FUNDING BY PRODUCT

Overall EID funding was focused on vaccine R&D, which received just over half of all funding
between 2014 and 2018. Basic research received the next largest share — 17% — just ahead of the
combined total for biologics (9.4%) and drugs (6.7%). Diagnostic products received only 3.6% of
total funding, while vector control products (VCPs) received just 2.4%, but a considerably larger
share starting in 2017, when we began to include the full value of multi-disease VCPs as part of EID
funding. The small amount of remaining funding was split between various multi-disease and non-
disease-specific products, most notably core funding and funding which did not specify a product.

The dominance of vaccine funding peaked in 2015, at the height of the West African Ebola
epidemic, at nearly 70% of the global total. The share of funding going to vaccines has declined
every year since, falling below 40% in 2018. Funding in recent years has shown an increased focus
on basic research, as well as big rises in core and multi-disease funding. The shares going to
drugs, biologics and diagnostics have remained relatively consistent over the last few years.

Figure 16. Product funding by disease (2014-2018)*
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" This figure shows total funding from funders and intermediaries to product developers for
the period 2014 to 2018. Funding which did not specify a product is excluded.
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Nearly three-quarters of the disease-specific vaccine funding over the period went to Ebola &
Marburg with most of the remainder, a further 22%, going to Zika. Each of the other disease
families received less than 2% of overall vaccine funding. The concentration of vaccine funding in
Ebola and Zika reflects their comparatively well-developed product pipelines and the cost of the
late-stage trials run during their respective outbreaks.

Around a third of the funding for vaccine R&D came via self-funded research conducted by
the pharmaceutical industry, with the US BARDA providing a little under a quarter and the US
NIH about a fifth. Collectively, these three groups contributed over three-quarters of global
vaccine R&D funding. This highlights the close relationship between vaccine funding and large-
scale active outbreaks, as rising infections both allow and encourage the rapid development of
countermeasures.

Funding for basic research was split much more evenly across the priority pathogens than vaccine
development, but still saw 70% of its overall funding go to either Ebola & Marburg or Zika. The other
significant recipients of basic research funding were coronaviruses and Lassa fever, with 8 and 9%
of total funding respectively. The US NIH was by far the largest funder of basic research overall,
contributing over three-quarters of all funding ($425m, 76%), nearly twenty times the contribution of
the EC, the next biggest funder.

Global funding for therapeutics focused more on biologics than on drugs. Nearly nine-tenths of that
biologics funding went to Ebola, and most of that to two multinational pharmaceutical companies —
Mapp Biopharmaceutical and Regeneron, which between them received two-thirds of the world’s
EID biologics funding. Drug funding was lower than that for biologics, and slightly less concentrated
on Ebola and Zika than other product categories. Notably, the share of therapeutics funding going
to Zika — both drugs and biologics — was relatively small, below that of Lassa fever biologics and
below coronaviruses for drugs.

Our measure of product funding also includes relevant non-disease-specific funding, under the
heading of ‘Disease X & Other R&D'. This category captures, for example, multi-family fundamental
research as part of basic research, and vaccine and diagnostic platforms as part of overall vaccine
and diagnostic funding.

While all product areas have some proportion of non-disease-specific funding, Disease X plays a
dominant role in the funding for vector control products. This reflects our 2016 decision to begin
allocating vector control which targets vectors for multiple pathogens to a new multi-disease
VCP category within Disease X, rather than dividing it across the potential target pathogens. The
remaining VCP funding was mostly allocated to Zika in the years prior to our decision to treat
products targeting the Aedes mosquito as multi-disease VCP, and to reservoir-targeted vector
controls for both CCHF and RVF.

FUNDING BY PRODUCT
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FUNDING TO INTERMEDIARIES

Intermediary organisations can take many forms, from product development partnerships (PDPs)
to initiatives such as CEPI or the European and Developing Countries Clinical Trials Partnership
(EDCTP), but fundamentally they all provide a coordinating mechanism which pools funding from a
range of different organisations to advance a portfolio of candidates or projects.

Intermediary organisations have long played a significant role in the landscape of R&D for neglected
diseases such as malaria and tuberculosis, and — especially in the case of CEPI — have been a
central feature of the response to COVID-19, helping to form the pillars of the Access to COVID-19
Tools (ACT) Accelerator. But until relatively recently this wasn’t true for EIDs; there was no funding to
intermediaries reported in 2014, and only limited funding in 2015 and 2016, reflecting the absence
of intermediary organisations focused on EID R&D prior to the West African Ebola outbreak.

The picture changed following the 2017 establishment of CEPI, and the subsequent uptick in
funding from governments and philanthropic organisations. Funding for intermediaries increased
nearly tenfold between 2016 and 2017, surpassing $100m, and increased again in 2018 to reach
an all-time high of $155m. CEPI was by far the largest recipient of funding to intermediaries both
in 2018 and overall, receiving 80% ($219m) of all funding to intermediaries during the period from
2014-2018, despite only being active for two of these five years.

After CEPI, the intermediary to receive the most funding was the EDCTP, though it is worth noting
that none of its inward funding was earmarked specifically for EIDs; the funding included here has
instead been calculated based on the proportion of EDCTP’s onward funding that targeted priority
EIDs. The rising share of EDCTP onward funding going to EIDs reflects the expansion of its scope
from neglected diseases alone to also cover emerging infectious diseases like Ebola and wider
pandemic preparedness.



Table 16. Top funders of intermediaries 2018
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German BMBF - - 4.5 23 33 60 21
Japanese MHLW 26 25 51 16
Wellcome Trust - - - 1.8 20 22 13
Gates Foundation - - - 23 20 43 13
Norwegian Ministry of B B B

Foreign Affairs e e & 12
UK DHSC 3.1 18 21 "
EC - - <01 4.2 7.3 12 4.7
Global Affairs Canada - - - 3.2 7.0 10 4.5
Australian DFAT - - - 2.9 2.8 5.7 1.8
Australian DoHA 1.5 1.5 1.0
UK DFID - - - - 0.8 0.8 0.5
US NIH - - 0.3 0.2 0.8 1.8 0.5
Subtotal of top 12/ - 3.3 1Al 103 154 265 100

Total funding to

intermediaries®

Funding organisation did not participate in the survey for this year. Any contributions listed are
based on data reported by funding recipients so may be incomplete.

" Subtotals for 2015-2017 top 12 reflect the top funders for those years, not the contributions of the
2018 top funders. For the cumulative subtotal, the top 12 funders are those with the highest overall
totals.

- No reported funding

* Core funding for multi-disease EID organisations was only included in the survey scope starting in
2016, meaning figures for 2014 and 2015 likely understate funding to intermediaries in those years.

~ No funding to intermediaries was reported in 2014

None of the top three intermediary funding recipients were PDPs, a big departure from the pattern
observed for the intermediary funding of neglected diseases. Of the PDPs active in EID R&D, the
Innovative Vector Control Consortium (IVCC) received the most funding in 2018, and this was
exclusively from the Australian Department of Foreign Affairs and Trade (DFAT) for its work in
developing a vector control product toolbox for the Indo-Pacific region.

The Foundation for Innovative New Diagnostics (FIND) was the first intermediary and PDP to receive
EID funding in 2015, supporting its development of diagnostics in response to the Ebola outbreak.
Though more intermediaries and PDPs have since become active in EID research, their collective
role remains a lot smaller than that observed in neglected disease R&D, with the obvious exception
of CEPI's prominence in the field of vaccine funding.

CEPI's fundraising extended far beyond its Nordic home base, and reached a geographically
diverse range of funders, even prior to the further expansion of its funder base during the 2020
pandemic. Eight out of the 12 top funders of intermediaries provided at least some of their funding
to CEPI in 2018, and several funders provided their 2018 intermediary funding exclusively to CEPI,
including the Japanese Ministry of Health, Labour and Welfare ($25m), Norwegian Ministry of
Foreign Affairs ($18m), the Wellcome Trust ($20m) and Global Affairs Canada ($7.0m), highlighting
the role played by CEPI in catalysing a model for intermediary funding of EID vaccine R&D.
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The German BMBF was the largest funder of intermediaries in 2018 and overall, providing just
under $47m to CEPI since its inception, while also directing $13m in funding to the German DZIF —
the German public body devoted to coordinating its domestic infectious disease research.

Table 17. Recipients of intermediary funding 2018

&
QQO\Q\ 2014~ 2015 2016 2017

CEPI - 84 134 219 87
EDCTP - - - 5.8 11 17 7.3
German DZIF 4.5 4.3 4.2 13 27
IVCC - - - 2.9 2.8 57 1.8
PATH ° o 0.2 0.2 0.8 1.2 0.5
FHI 360 = = 0.8 0.8 0.5
EVI - -| <04 0.2 0.2 0.5 0.1
PENTA Foundation <01 0.1 0.1 0.3 | <01
FIND - 3.8 2.3 19| <01 76| <01
IDRI 0.3 0.2 | <041 05| <01
ISGlobal = ° 2 <01 <0.1 0.1 <0.1
VI - - 3.9 3.3 7.3

Total funding to

intermediaries®

Funding organisation did not participate in the survey for this year. Any contributions listed are
based on data reported by funding recipients so may be incomplete.
- No reported funding
* Core funding for multi-disease EID organisations was only included in the survey scope starting in
2016, meaning figures for 2014 and 2015 likely understate funding to intermediaries in those years.
~ No funding to intermediaries was reported in 2014
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The Coalition for Epidemic Preparedness Innovations (CEPI)

In response to the 2014-2016 West African Ebola outbreak, there was broad recognition of the
need for more — and better coordinated — global action to help prevent future epidemics. One of
the initiatives to stem from this recognition was the WHO’s R&D Blueprint for Action to Prevent
Epidemics, upon which the scope of this report is based. The other was CEPI, which defines
itself as “an innovative global partnership between public, private, philanthropic, and civil society
organisations working to accelerate the development of vaccines against emerging infectious
diseases and enable equitable access to these vaccines for affected populations during outbreaks.”

Discussed by a group of key stakeholders during the annual meeting of the World Economic Forum
in Davos in January 2016, CEPI was formally launched at the same event a year later, in 2017, with
significant initial funding commitments from the Bill & Melinda Gates Foundation, the Wellcome Trust,
and the governments of Japan, Germany and Norway. By the end of 2019, these initial funders
had been supplemented by additional commitments from the European Commission and the
governments of Australia, Belgium, Canada and the UK, with overall funding commitments totalling
$778 million.

Following its launch in 2017, CEPI’s initial call for proposals focused on three priority pathogens:
MERS-CoV, Nipah and Lassa. This was followed by another call later in 2017 for platform
technologies to enable rapid vaccine development against unknown pathogens — ‘Disease X' — and
then in early 2019 for a further two priority pathogens: Rift Valley fever and Chikungunya. By the
end of 2019 CEPI reported having committed a total of $456 million to its research efforts, with 19
vaccine candidates against five priority pathogens and three rapid response platforms in its portfolio.

With the emergence of the COVID-19 pandemic in 2020, CEPI was well positioned to play a
central role in advancing efforts to develop a vaccine against SARS-CoV-2. It was among the
first organisations to respond, making immediate funding commitments to a number of product
developers in January of 2020. By August of 2020 CEPI itself had received more than $1 billion in
funding commitments from a wide range of new and existing donors, and was supporting a portfolio
of 9 COVID-19 vaccine candidates, including one based on the University of Queensland’s ‘molecular
clamp’ vaccine platform, which CEPI was already supporting as a ‘Disease X'-focused vaccine
platform.

Given that CEPI was only established in 2017, and with 2018 representing the first year that it began

disbursing funding to recipients, this landscape report captures the first glimpses of the growing role
that CEPI will play in the landscape of R&D for emerging infectious diseases.
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The funder landscape for emerging infectious disease R&D has been characterised by the
overwhelming dominance of public sector funding, despite a significant — and, in comparison to
neglected diseases, unprecedented — level of industry investment in the wake of the 2014-16 West
African Ebola epidemic, as well as by a relatively limited amount of philanthropic funding.

At its peak, in 2015, industry collectively provided 40% of global EID R&D funding, making it by
far the biggest contributor in that year. Industry funding declined rapidly after the conclusion of
the West African Ebola epidemic in mid-2016, which limited opportunities for further clinical trials.
Though industry was still, as a collective, the third-largest funder in 2018, the two-thirds fall in
its spending since 2015 has left EID funding increasingly dominated by the HIC public sector,
particularly the big US funders, who together accounted for more than two-thirds of all public
funding in 2018.

Figure 17. Total funding by sector 2014-2018
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Top funders of EID R&D

The US NIH has historically been the single most important funder of EID R&D, providing nearly
a third of all global funding for the 2014-2018 period. It has also distributed its funding across a
wide range of priority pathogens. While just over half of NIH funding between 2014 and 2018 was
for Ebola & Marburg, making it the top funder of Ebola R&D, the US NIH was also the overall top
funder of every other Blueprint priority disease group, including Disease X & Other R&D. In the case
of Lassa fever and henipaviral R&D, the US NIH contributed more than 80% of global funding.



The US NIH has played a particularly dominant role in funding basic & early-stage research for
EIDs, providing more than three-quarters of global basic research funding between 2014 and 2018,
and more than half of the world’s funding for early-stage research. This is the combined result
of the scale of US NIH funding and the fact that it directed nearly three-quarters of its overall EID
budget towards basic & product-specific early-stage research, divided roughly evenly between the
two.

Table 18. Top EID R&D funders 2018
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US NIH 68 17 296 302 334 | 1,116 34
US BARDA 29 7 128 182 206 611 21
Aggregate industry 36 244 148 102 79 611 8.1
UK DHSC 0.6 15 52 68 5.3
Inserm 5.9 8.5 2.4 7.0 46 65 47
German BMBF - 1.5 5.1 23 33 63 3.4
EC 5.0 50 57 60 32 203 3.2
Wellcome Trust <0.1 7.3 9.8 13 31 61 3.2
Gates Foundation 13 8.4 10 27 28 85 2.8
Japanese MHLW 26 25 51 2.5
Nosedenginiemel || w| | e s
US DOD 12 71 43 31 14 172 1.5
Subtotal of top 12/ 177 604 720 808 900 | 3,149 92
Total EID R&D funding* 178 615 750 867 982 3,393 100

Funding organisation did not participate in the survey for this year. Any contributions listed are
based on data reported by funding recipients and so may be incomplete.

" Subtotals for 2014-2017 top 12 reflect the top funders for those years, not the contributions of the
2018 top funders. For the cumulative total, the top 12 funders are those with the highest overall
totals.

- No reported funding

* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared
to totals in later years, or to each other.

The next most significant funder was the US Biomedical Advanced Research and Development
Authority (BARDA), whose total funding for the period matched that of all of industry combined
and was more than double industry’s investment for 2018. In contrast to the NIH, BARDA's funding
was focused on just two disease groups: around two-thirds went to Ebola & Marburg, with the
remainder going to Zika — which received more than half of BARDA'’s funding in 2017 following the
outbreak of Zika in South America and the end of the West African Ebola epidemic.

Also contrasting with the US NIH was BARDA’s focus on clinical development rather than basic
research: it was by far the largest funder of clinical development, accounting for almost two-fifths of
global funding. BARDA's $522m in clinical development funding was one-and-a-half times the total
provided by industry ($355m), and more than triple that of the US NIH.

Industry, treated as a collective entity, was the third-largest funder of EID R&D, and is discussed
in more detail below. Between them, BARDA, the US NIH and industry provided more than three-
quarters of all clinical development funding between 2014 and 2018.

FUNDERS

PAGE
55



FUNDERS

PAGE
56

Public funding

Public funders focused their efforts on Ebola and Zika, which together accounted for at least half of
total public funding every year, and nearly three-quarters overall.

The concentration of public funding in Ebola and Zika R&D has fallen each year since our EID
survey began, driven in part by increases in the survey scope, which captured a wider range of
public funding, and in part by consecutive increases in public funding for CCHF & RVF, platform
technologies and especially core funding. The rise in public funders’ core funding is largely the
result of CEPI's inception in 2017, which drove big increases in total commitments from several
non-US public funders, rather than simply redirecting existing EID funding.

Overall public commitment to Disease X & Other R&D rose sharply each year after its initial
inclusion in 2016. Some of this increase was due to the inclusion, starting in 2017, of multi-disease
vector control products (VCPs) as part of Disease X, which captured substantial commitments from
the US, Australian and Brazilian governments targeting vectors responsible for multiple diseases.
The remainder of the increase for Disease X was due to rising public investment in diagnostic and
vaccine platforms, and to a big 2018 jump in ‘Other R&D’ that mostly reflects a single large multi-
disease grant from France’s Inserm.

Several disease groups saw falls in public funding in 2018, most notably coronaviruses but also
Nipah, Lassa fever and Zika — the last due to the conclusion of the South American Zika epidemic.
Setting Zika aside, these reductions were at least partly offset by CEPI's use of its (mostly public)
inward funding to finance R&D for Lassa, Nipah and coronaviruses in 2018 and beyond.

Table 19. Public R&D funding by disease group 2014-2018
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Ebola & Marburg 129 334 324 278 303 | 1,368 36
Zika 5.5 151 198 186 541 22
Lassa fever 9.6 32 32 23 95 2.7
Coronaviruses
(MERS & SARS) 24 42 23 89 2.7
CCHF & RVF 1.7 8.8 18 18 46 2.2
Nipah & other
henipaviruses 14 13 9.1 35 11
Core funding of a multi-
disease R&D organisation L 7 W s 17
Disease X & Other R&D 12 63 135 209 16
Multi-disease vector
control products 2 = e =
Platform technologies 4.2 13 29 46 3.5
Fundamental research 4.4 8.3 4.9 18 0.6
EIEEC P2 26| 29| 13| e8| 02
antivirals
Other R&D 0.5 16 74 90 8.8

Total public funding®

Ebola was the only disease included in the 2014 survey. Value for Ebola in 2014 may include
combined filoviral R&D. Marburg, combined filoviral R&D, Lassa fever and Zika were added in 2015.
Coronaviruses, henipaviruses and Disease X were added in 2016, with the exception of multi-
disease vectrol control products, which were first included in 2017.

* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared
to totals in later years, or to each other.



The US government has been the top funder of EID R&D since 2014, and further increased its
funding every year since. US funding rose by a total of $459m between 2014 and 2018, a fourfold
increase. Increased contributions from other governments have meant that US dominance of the
funding landscape has been reduced somewhat in recent years, falling from 84% of total public
funding in 2014 to 68% in 2018.

While overall funding increased from both European governments and the US, the increases have
been directed towards different goals: Ebola & Marburg and Zika each received about a third of
the increase in US funding between 2014 and 2018, with the remainder split across a range of
disease groups, including a substantial increase in funding for (newly-included in 2016) Disease X.
In comparison, more than three-quarters of the UK’s post-2014 increase was either core funding —
primarily to CEPI — or Disease X R&D. Almost all of Germany’s funding growth came in the form of
increased core funding, which, like that of the UK, went mostly to CEPI.

Japanese public funding has almost exclusively been for CEPI, with the remainder focused on
domestic Disease X R&D. The government of Norway, which hosts CEPI's headquarters, displayed
a similar pattern of funding with core funding to CEPI representing more than 90% of its overall
funding, and the remainder going to its domestic EID research run by the Norwegian Institute of
Public Health. Increased funding from France came via a big increase in EID funding by Inserm,
split across several EIDs.

Funding from India, now the largest LMIC funder in 2018 (after declines in Zika and multi-VCP
funding from Brazil), was largely reported as intramural core funding. It’s significant increase in 2018
funding was almost entirely in the form of a $9.2m grant to the Indian Translational Health Science
and Technology Institute.

Table 20. Top public R&D funders 2018
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United States of America 109 265 469 530 568 | 1,942 68
United Kingdom 3.2 18 14 20 70 114 8.4
France 8.4 3.9 4.3 7.4 49 73 5.8
Germany - 2.2 19 29 37 87 4.4
EC 5.0 50 57 60 32 203 3.8
Japan - - - 26 26 52 3.1
Norway 0.3 1.4 0.6 13 19 34 2.2
India - <01 4.2 6.2 1 22 14
Canada 2.8 - 0.2 4.3 8.9 16 1.1
Brazil - 3.0 12 9.7 8.3 33 1.0
Australia - 0.4 0.4 4.7 5.2 1 0.6
Belgium - - - 0.7 11 1.8 0.1
Subtotal of top 12/ 129 347 571 713 835 | 2,593 99
Total public funding® 129 351 576 721 840 2,617 100

" Subtotals for 2014-2017 top 12 reflect the top funders for those years, not the contributions of the
2018 top funders. For the cumulative total, the top 12 funders are those with the highest overall
totals.

- No reported funding

* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared
to totals in later years, or to each other.
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Philanthropic funding

Philanthropic funders, for their part, have to date been much less active in funding EID R&D than
they are in neglected diseases. Philanthropic EID R&D funding reached a new high in 2018, at 6%
of the global total, provided overwhelmingly by the Gates Foundation and the Wellcome Trust;
in comparison, philanthropic organisations provide around 20% of global funding for neglected
disease R&D.

Compared to the public and industry response to the 2014-16 Ebola epidemic, initial philanthropic
funding was relatively modest, but tended to be targeted at areas of need, such as diagnostics
for Ebola. Things changed in 2017 following the launch of CEPI, which counts both the Gates
Foundation and the Wellcome Trust among its co-founders.

Core funding for CEPI now accounts for the majority of philanthropic funding for EID R&D, and the
growth in this funding has also been behind the overall rise in philanthropic funding. Another feature
has been increasing investment in Disease X R&D, including investments in multi-disease vector
control products and platform technologies.

Table 21. Philanthropic R&D funding by disease group 2014-2018

0‘\‘5%0 S
&
Zika - 9.5 51 3.8 18 6.0
Lassa fever - 0.9 21 21 5.0 3.3
Ebola & Marburg 13 19 7.9 3.9 0.8 45 1.8
CCHF & RVF 0.2 0.9 0.8 0.7 2.6 1.0
gzsg)av"uses fHlERs 35| 24| <01| 59| o
Core funding - 24 40 64 63
Disease X & Other R&D 3.2 5.0 16 24 25
Nt dease oot 22| sl o1| T
Platform technologies 1.2 1.5 5.5 8.2 8.6
Fundamental research 1.9 0.5 2.6 5.0 4.1
Other R&D - 0.8 0.8 1.6 1.3

Total philanthropic

funding*

Ebola was the only disease included in the 2014 survey. Value for Ebola in 2014 may include
combined filoviral R&D. Marburg, combined filoviral R&D, Lassa fever and Zika were added in 2015.
Coronaviruses, henipaviruses and Disease X were added in 2016, with the exception of multi-
disease vectrol control products, which were first included in 2017.

- No reported funding
* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared
to totals in later years, or to each other.



Private funding

Private sector funding was almost exclusively directed towards one of three priorities: Ebola &
Marburg, Zika, or Disease X. Of these, Ebola & Marburg was the overwhelming focus, accounting
for three-quarters of all industry investment in EID R&D in 2018, and nearly 90% of investment over
the five-year period from 2014-2018.

Funding from multinational pharmaceutical companies (MNCs) focused almost entirely on vaccine
R&D, which accounted for 97% of their investment over the five year period from 2014-18 — though
they did begin to diversify their funding in 2018, with increased shares going to VCPs and adjuvants
and immunomodulators. Vaccines’ share of MNC funding fell to 86%. Small pharmaceutical
biotechnology companies (SMEs) focused on a wider array of products, directing nearly 30% of
their funding to diagnostic R&D and 14% to VCPs.

FUNDERS

Table 22. Private sector R&D funding by disease group 2014-2018
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Ebola & Marburg 36 244 139 61 59 539 74
Zika 0.6 9.0 40 il 61 14
Coronaviruses (MERS &
SARS) <01 - 0.2 0.3 0.3

Nipah & other ~ B
e B <0.1 <0.1 <0.1
Disease X & Other R&D 0.3 1.0 8.9 10 11

Multi-disease vector 07 38 4.5 4.8

control products
Platform technologies 0.3 0.2 3.1 3.6 3.9
Other R&D - <01 2.0 2.0 2.6

Total private sector

funding*

Ebola was the only disease included in the 2014 survey. Value for Ebola in 2014 may include
combined filoviral R&D. Marburg, combined filoviral R&D, Lassa fever and Zika were added in 2015.
Coronaviruses, henipaviruses and Disease X were added in 2016, with the exception of multi-
disease vectrol control products, which were first included in 2017.

- No reported funding
* Due to significant changes in the survey scope, totals for 2014 and 2015 cannot be directly compared
to totals in later years, or to each other.
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DISCUSSION

Funding for emerging infectious disease R&D rises rapidly following a major outbreak

The speed and scale of the global response to COVID-19 is unprecedented, dwarfing the global
R&D response to the recent Ebola and Zika outbreaks. Though the scale of the crisis and response
are very different, we can draw meaningful comparisons between today’s pandemic response and
how we handled those that came before.

The world responded to large-scale outbreaks of Ebola across Africa and Zika in South America
with rapid increases in both basic research and clinical development funding. After the conclusion
of the West African outbreak in 2016, funding for Ebola began to tail off, only to rebound slightly in
2018 as a new outbreak took hold in the Democratic Republic of Congo. Funding for Zika followed
a similar pattern, peaking in 2017, a year after the outbreak began, before falling by nearly a fifth in
2018 after the virus was brought under control in South America.

These post-outbreak reductions in spending are mostly due to the practical difficulties in
conducting late-stage clinical trials in the absence of new infections. Funding for Ebola-specific
vaccine clinical development — along with funding diagnostics — peaked in 2015, in part because of
the ongoing West African pandemic provided an opportunity to test the effectiveness of the three
vaccine candidates from Johnson & Johnson, Merck, and GSK.

The decline in funding after an outbreak passes underlines the importance of a rapid global
response. An emerging crisis also represents an opportunity to prevent future outbreaks, provided
product developers are able to make take maximum advantage of the (hopefully brief) window
available for conducting clinical trials in high-prevalence populations. This brief window for product
development highlights the importance of providing R&D funding early in a pandemic, and of
conducting the underlying basic research before time begins to run out.

In practice, though, commitment to basic research often mirrors the rise and fall of product
development. Funding for Ebola basic research, for example, more than doubled between 2014
and 2015, peaked in 2016 and fell significantly in 2017 — before rebounding in 2018 with the arrival
of the next outbreak in the DRC.

While the direction of Ebola basic research funding has tended to follow the change in overall
disease funding, this is (hearteningly) not the case for Zika. Zika basic research funding surged
nearly fifteenfold in 2016, doubled again in 2017 and has remained roughly stable in 2018, even as
vaccine funding fell substantially.

While basic research funding is much less concentrated in the top few diseases than clinical
development, it is still very (perhaps overly) focused on the same pathogens that receive the vast
majority of clinical development funding. The top two recipients of basic research funding — Ebola
and Zika — together account for nearly 80% of 2018 Blueprint priority EID basic research funding. In
2015, funding was even more concentrated, even accounting for the narrower survey scope in that
year, with Ebola & Marburg receiving 85% of all basic research funding and Lassa fever in second
place with just under 10%. Zika, immediately prior to a major outbreak, was the subject of just 4%
of global basic research funding. This concentration of basic research funding in disease groups
with recent, large-scale outbreaks suggests that policy choices, and not just the practical limits
on clinical development, drive the allocation between diseases. Placing so much weight on the
sources of recent outbreaks when preparing for the next may imply a collective overconfidence in
our ability to predict the direction of future threats.

In addition to largely government-backed basic research, the global response to Ebola was buoyed
by contributions from multinational pharmaceutical companies (MNCs). Self-funded research by
MNCs peaked at more than 40% of total spending in 2015, led by Johnson & Johnson, which
built its Ebola vaccine programme on its pre-pandemic research into multi-filoviral vaccines. The
subsequent fall in industry’s Ebola spending was driven by the completion of late-stage trials by
one candidate — rVSV-ZEBOV-GP - and the scaling-back of planned Phase lll trials for two others —
AD26.ZEBOV/MVA-BN-Filo and ChAd3-EBOZ - as the West African outbreak waned.



There was much less self-funded R&D from industry during the South American Zika outbreak.
While pharmaceutical companies — mostly smaller ones than those leading the response to Ebola -
received around half of all Zika R&D funding, their self-funded contribution peaked, in 2017, at 17%
of the global total. Between 2015 and 2018, nearly 90% of Zika funding was provided by public
funders, including just under 5% from (mostly Brazilian) LMIC public funders.

How did the global response to West Africa’s Ebola pandemic shape the landscape of EID R&D
in the following years?

The rapid run-up of Ebola funding between 2014 and 2015, led by the US, resulted in four new
technology registrations and 11 technologies advancing through the pipeline by the end of 2015.
Funding from the US BARDA, alongside contributions from the US DOD and industry, ultimately
resulted in the FDA approval of Merck’s ERVEBO - the first ever FDA approved vaccine — in
late 2019. A record high in funding for Ebola biologics in 2018 was primarily due to increased
investment from BARDA for the advanced development of Regeneron’s monoclonal antibody
cocktail, REGN-EBS, which paved the way for the novel biologic to be tested in the pivotal Ebola
therapeutics PALM trial in 2018.

The comparative success of the Ebola product pipeline, though, underlines the subsequent
difficulty faced by researchers in producing and testing a vaccine for Zika; particularly one which
can demonstrate efficacy in protecting pregnant women from congenital Zika syndrome.

One positive trend post-2014 is an increase in funding for product development even among the
priority diseases without recent outbreaks. New funding streams from organisations such as the
UK DHSC and CEPI have significantly improved the prospects of developing viable responses
to diseases like CCHF, RVF, Nipah, Lassa fever — building, in the latter two cases, on prior basic
research and early-stage development funding from the US NIH.

Disease X and preparing for the unknown

We have suggested above that funders have proved too reactive in their responses to pandemic
risk — directing the majority of global resources to the threats of yesterday and today, while
paying too little attention to tomorrow’s risks. But how should funders deal with the unavoidable
uncertainty about just which pandemics represent the greatest future threat?

One strategy is to focus funding on cross-cutting R&D applicable to a range of existing EIDs, or to
build the foundation for responding to as-yet-unidentified pathogens. This kind of forward-looking
funding was recognised by the WHO Blueprint as its seventh priority area, under the title of ‘Disease
X'. The WHO'’s definition of Disease X captures two distinct, but related, categories of research
and development: research targeting ‘pathogens currently unknown to cause human disease’, and
more general ‘cross-cutting R&D preparedness’.

Disease X R&D which focuses on currently unknown pathogens must be genuinely agnostic as to
the diseases it targets — a category which includes fundamental research, platform technologies
(including multi-family vaccines) and broad-spectrum antivirals. Since 2016, when these types of
research were introduced to our survey scope, they have accounted for a little under $100m in total
R&D funding, or around 4% of the global spending over that period.

The WHQO'’s second, broader definition of Disease X funding — cross-cutting R&D - potentially
includes any funding which is not earmarked for a single specific priority pathogen. This definition
can extend even to some of the funding we label as ‘disease-specific’: In addition to $316m of
core, unspecified and explicitly non-disease-specific funding (10% of overall funding), there was
an additional $105m devoted to multi-disease research within viral families. An additional $67m —
not included in our estimate of total funding — was directed to R&D for the wider list of emerging
infectious diseases considered for inclusion in the WHO’s Blueprint, one of which might become
the source of a future pandemic threat.

Cross-cutting funding has formed a key part of the global response to COVID-19, as several
promising candidates for SARS-CoV-2 are based on either prior multi-disease coronavirus research
or on pre-existing vaccine platforms, like the Jenner Institute’s ChAdOx1 and the University of
Queensland’s ‘molecular clamp’.
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Our vision of preparing for ‘Disease X' could even be extended to include the provision of core
funding for multi-disease organisations, representing funders’ choice to support a cross-cutting
R&D portfolio rather than targeting specific diseases. Supporting these organisations allows
funders to delegate, and defer, decisions about where their funding should be directed, and
recipient organisations to redirect funding in response to crises or opportunities. So, the rapid
growth in core funding, driven by the 2017 creation of the Coalition for Epidemic Preparedness
Innovations (CEPI), represents a valuable counterweight to the kind of purely reactive post-outbreak
funding that dominated the landscape between 2014 and 2016. Building ongoing institutions
instead of temporary vehicles, which often fade along with the pandemic that inspired them,
represents a welcome shift away from reactivity and towards preparedness. An organisation like
CEPI, with institutional knowledge, continuity and cash-on-hand can play the role of an incredibly
versatile platform technology, allowing for the rapid development of treatments for an unknown
disease.

How the creation of CEPI changed the funding landscape

With the establishment of CEPI in 2017, its public and philanthropic funders committed themselves
to a cross-cutting approach to vaccine R&D: funders’ contributions to CEPI may be allocated
anywhere across its own list of priority pathogens, to emergent threats like COVID-19, to pathogen-
agnostic vaccine platforms — such as CureVac’s RNA Printer — or to partnership agreements
which target pathogens across different disease groups. CEPI's $56m partnership with Inovio
Pharmaceuticals, for example, covers both Lassa fever and MERS vaccine research, using Inovio’s
DNA vaccine platform to simultaneously produce countermeasures aimed at different disease
families.

CEPI provides a new financing model, uniting funders to help meet the high costs of late-stage
vaccine trials across a range of pathogens. But it also gives funders a means to pre-commit
resources to combating as-yet-unknown diseases, positioning CEPI as the key custodian of
the world’s preparations for Disease X - both for ‘cross-cutting’ R&D and ‘currently unknown
pathogens’. With the right support, we hope to see CEPI become both a stable, ongoing source
of funds for proactive, forward-looking research, and as a global ‘emergency preparedness fund’,
with committed funding held in reserve to respond to the emergence of an unknown pathogen.

The potential breadth of CEPI’s role is undermined, though, by its exclusive focus on vaccines. The
world needs to maintain funding for a broad range of R&D, including basic research, drugs, and
diagnostics.

The establishment in 2020 of the Therapeutics Accelerator in response to COVID-19 looks like a
step in the right direction, as does the role played by the Foundation for Innovative New Diagnostics
(FIND) in coordinating EID diagnostic funding. But the creation of these roles only in response to a
specific crisis means they did not benefit from CEPI’s stable finances and first-mover advantage,
and means that they may not be positioned to carry over their expertise and resources to future
pandemics.

The choice of a vaccine-specific organisation to oversee the world’s pandemic preparedness
underscores a global tendency to overlook the potential role of drugs, particularly repurposed
products untested against EIDs, as a quick and cost-effective means of outbreak control. These
products have established safety and pharmacokinetic profiles, which can result in shorter
development cycles and earlier distribution. Ribavirin, for example, showed initial positive
results during the Nipah outbreak in India, while off-the-shelf treatments like remdesivir and
dexamethasone have shown preliminary evidence of success in treating COVID-19.

Widening the range of registered therapeutics would not only build goodwill and reduce reliance
on unproven alternative therapies in affected communities by allowing the treatment of sufferers,
they would also enable systematic reactive pre- or post-exposure prophylaxis in areas where the
outbreak’s rapid spread renders ring vaccination ineffective, or where the available vaccines are
ineffective for post-exposure prophylaxis



Did the world do enough to prepare for COVID-19?

The COVID-19 pandemic has given us a clearer picture of the kind of crisis the world ought to have
been planning for. The purely economic impact of the pandemic has been estimated at 6.5% of
global GDP, or around US$5.2 trillion.”” Add the social value of the death and disability caused, and
the long-term impacts on education and industry, and the potential impact rapidly begins to eclipse
the pre-COVID estimates for the cost of a severe global pandemic, based on 1918’s influenza
outbreak, of around $7 trillion."®

These losses dwarf our collective historical global spending on EID R&D and suggest that EID
R&D funding should have considered the worst-case scenarios alongside what we thought we
knew about pandemic potential. By concentrating basic research funding on the cause of the last
major outbreak, the world risks constantly refighting the last war, while remaining overconfident in
our ability to predict the direction of the next threat. As Mark Honigsbaum, writing in 2019 in the
Lancet,® notes, it is consistently difficult to predict a pathogen’s future based on its past:

“In each case, what was known before the outbreak—that Ebola is unlikely to reach major urban
area or that Zika is a disease that causes a mild rash-like illness and is not a threat to unborn
babies—was shown to be wrong”

But we remain captives of the impulse to forecast the future based on the recent past. PATH, a
global health nonprofit, argues that:"°

"As the havoc caused by the most recent outbreak is forgotten, we become complacent and
relegate the case for investment to the back burner, only to be unprepared when the next outbreak
occurs”

If EID funding was to serve as an insurance policy against an unknown threat, funding decisions
should have taken into account something like the hundred-year flood we are currently
experiencing, not just last year’s high-water mark.

With the sudden arrival of exactly the kind of crisis EID research was supposed to prevent, or
at least contain, it seems clear that more could and should have been done to prepare for the
potential emergence of something like COVID-19. Funders were too quick to pivot away from
funding research into coronaviruses — the cause of several major outbreaks this century — and into
Ebola and Zika, often to the exclusion of all other priority pathogens. Too little funding was devoted
to Disease X and the kinds of platform technologies which might have shaved months off the time
necessary to produce viable treatments. The major funders of product development focused too
much on guiding existing candidates through late-stage development, and not enough on building
the capacity for very early-stage research.

Alongside the now-obvious need to strengthen national health systems and international
collaboration, the key lesson is that future R&D funding needs to be much more forward-looking
and much more diversified: less focused on basic research for the one or two pathogens most
recently in the news, less focused on vaccines to the exclusion of other vital tools, and supported
by a wider range of funders — in contrast to our current near-complete reliance on the United States
government.

The United States dominates global funding for EID R&D

We have seen that global funding for EID R&D is very narrowly focused on recent large-scale
outbreaks, but it is also supported by only a few key funders. The US government provided 61% of
total global funding to EID product developers between 2014 and 2018. Combined with investment
from US-based pharmaceutical companies, almost three-quarters of global funding for EID R&D
during this five year period came from the United States.
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The US government provides more than 80% of all basic research funding and nearly 96% of the
public sector funding for drug R&D, making it the dominant player in both fields — especially given
the gap created by CEPI's specialisation in vaccine R&D. The NIH directed nearly three-quarters
of its overall EID funding towards basic & early-stage research, split roughly evenly between basic
research and product-specific early-stage research. The US BARDA, for it’s part, was by far the
largest funder of clinical development, accounting for almost two-fifths of global funding.

On the other hand, very little of the world’s core funding came from the US government — a total
of $6.3m between 2014 and 2018, about 0.3% of its total contribution to EIDs - reflecting its
commitment to funding ongoing research domestically, rather than via institutions like CEPI. This
marks the US as very different from most other governments active in EID funding, like that of
Japan, for example, which exclusively funded EID R&D via its commitments to CEPI.

The funding provided by the US government via the NIH is distributed across a wide range of
priority pathogens. While a little more than half of NIH funding between 2014 and 2018 was
for Ebola & Marburg, making it the top funder of Ebola R&D, it is also the overall top funder of
every other Blueprint priority disease group, including Disease X. BARDA's funding, in contrast,
was focused on just two disease groups: around two-thirds went to Ebola & Marburg, with the
remainder going to Zika — which received more than half of BARDA’s funding in 2017 during the
outbreak of Zika in South America and following the end of the West African Ebola epidemic.

A truly global commitment to pandemic preparedness needs be bigger, more proactive, and less
reliant on the foresight and goodwill of a single government. The evolving global response to the
COVID-19 pandemic suggests that this lesson is being learned.



METHODOLOGY

Reading this report

Individual Blueprint priority diseases are organised into disease groups within the report’s structure
based on their shared viral family. While individual disease breakdowns are presented in each
disease group chapter, most tables aggregate funding based on the total for a disease group,
and funding targeting multiple EIDs including at least one Blueprint priority pathogen is included
in the totals for that pathogen’s disease group. So, for example, Ebola virus disease and Marburg
virus disease are grouped together in the ‘Ebola & Marburg’ disease group for the purposes of
identifying top funders and measuring funding for individual technologies, along with any filoviral
disease R&D which targets Ebola and/or Marburg alongside other filoviruses.

FUNDING TO AND FROM INTERMEDIARIES

A significant portion of EID R&D funding flows from funders to product developers via intermediary
funding organisations like the European and Developing Countries Clinical Trials Partnership
(EDCTP) and the Coalition for Epidemic Preparedness Innovations (CEPI). To avoid double
counting, the figures in the annual G-FINDER report include only funding flowing to intermediaries
(‘inward funding’) and exclude the flow of funding from intermediaries to product developers (‘onward
funding’).

This report adopts a different approach to intermediary funding which allows us to report both
inward and onward intermediary funding in separate sections of the report. All figures included in
the individual disease chapters are based on the aggregate of funding disbursed directly to product
developers (including self-funding) and onward funding flowing from intermediaries. Funding totals
reported in the Funders section of the report, on the other hand, instead list the aggregate of direct
funding and inward funding flowing to intermediaries.

This means that funding totals in the individual disease chapters include payments to product
developers disbursed by CEPI and other intermediaries in that year, but not any funds given to
those intermediaries — even if they were earmarked for a specific pathogen — since including both
flows would result in double counting. Conversely, the Funders section of the report does include
contributions provided to CEPI by its funders, but does not include CEPI (or any other intermediary)
as a funder of EID R&D, since all their onward funding is excluded from Funder totals. As a result,
the totals reported in the Funders and Disease sections of the report relate to different measures of
global funding and differ substantially.

While identifying funding organisations as intermediaries rather than originating funders is relatively
straightforward when there is access to data from all parties, it becomes complicated when there
are gaps in inward or onward funding data. In order to maximise the range of data included in
the report, we designate an organisation as an intermediary in a given year only when we have
access to both its inward and onward funding data for that year. This means, for example, that
we treat organisations for which there is no available onward funding data as de facto product
developers, and include the funding they received in both the totals for individual diseases and in
the Funder totals, since there is no risk of double counting a single funding flow. As a result, some
organisations may change their categorisation from intermediary to funder or product developer
from year to year depending on the available data.

YEARS

Throughout the text, references to years refer to the financial year in relation to which data was
gathered, rather than the year in which the survey took place.
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ANNUAL CHANGES IN SURVEY PARTICIPATION

Annual changes in funding mentioned in this report are based on funding reported by all survey
participants in each year, and may include artefactual changes resulting from differences in survey
participation. In instances where these differences materially influenced the apparent year-on-year
change, this is indicated in the text.

COUNTRY GROUPINGS

For brevity, we use the terms ‘LMICs’ and ‘developing countries’ to denote low- and middle-income
countries, and ‘HICs’ to denote high-income countries, as defined by the World Bank.'"

DISEASES INCLUDED IN THIS REPORT

The scope of this report includes all emerging infectious diseases and disease groups included in
the WHO list of Blueprint priority diseases: Lassa fever, Crimean Congo haemorrhagic fever (CCHF),
Rift Valley fever (RVF), Middle East respiratory syndrome (MERS) and severe acute respiratory
syndrome (SARS), Ebola virus disease and Marburg virus disease, Nipah and henipaviral diseases
and Zika. Data gathered for this report predates the emergence of COVID-19, which was added to
the list of Blueprint Priority Pathogens and the survey scope starting in 2020.

The report also covers the Disease X priority area, representing R&D targeting multiple
pathogen families or as-yet-unknown pathogens. The activities included under Disease X
funding are technologies which can potentially be applied to a range of diseases, but have not
yet been attached to a specific product for a specific disease, including R&D for adjuvants and
immunomodulators, diagnostic platforms, delivery devices, broad-spectrum antivirals and multi-
disease vector control products (VCPs) intended to target EIDs, as well as fundamental research
focusing on EIDs. The Disease X & Other R&D chapter of the report also captures any other grants
which cannot be allocated to a single EID, including grants which do not specify a single pathogen
or product category.

Research and development aimed at more than one emerging infectious disease is also included,
provided at least one of the intended targets is a priority pathogen. Non-disease-specific
expenditure is included as part of funding for Disease X or under core funding for EID-focused
research institutions.

TYPES OF RESEARCH INCLUDED

This report quantifies EID R&D investments into two overarching categories, each broken down into
a number of further categories:

e Basic & early-stage research, including:
e Basic research
e Discovery and pre-clinical development
e (Clinical development, including:
e Baseline epidemiology in preparation for product trials
e Clinical development and field evaluation

e Post-registration studies of new products, including Phase IV/pharmacovigilance studies and
operational research for diagnostics

A detailed explanation of what types of R&D activities are included in each of these categories is
provided in the G-FINDER EID R&D scope document.

The purpose of this report is to track and analyse global investment in the research and
development of new health technologies for emerging infectious diseases. The G-FINDER survey
does not, and is not intended to, capture investment in the entire spectrum of EID
research. Many research activities that are extremely important for global health are excluded
because they are not related to the development of new tools for emerging infectious diseases;
this includes health systems and operations/implementation research (for example, research
into health systems or policy issues, or research into the programmatic delivery of non-product



interventions, or existing health technologies), and sociological, behavioural and epidemiological
research not related to the development of new health technologies. We also exclude investment
into non-pharmaceutical tools such as untreated bed nets and personal protective equipment, or
interventions such as safe burial. General therapies such as painkillers or nutritional supplements
are also excluded, as these investments cannot be ring-fenced to emerging infectious disease
treatment only. Investment that is not research-related is similarly excluded: although we recognise
the vital importance of activities such as health programme delivery, advocacy, routine disease
surveillance programmes, community education and general capacity building to address
emerging infectious diseases, investment in these activities falls outside the scope of this report.

A comprehensive explanation of all inclusions, exclusions and restrictions in the detailed EID R&D
scope document, and a matrix summarising the scope for EIDs and technologies is available from
www.policycureresearch.org/r-and-d-needs-for-global-health.

Survey methodology

Although maintaining a consistent scope is important in order to allow analysis of multi-year
funding trends, the scope of the G-FINDER EID survey has evolved since its inception in 2015 and
will continue to change in response to changes in the WHO R&D Blueprint priority pathogens and
expert consensus.

The G-FINDER survey first included questions about EID expenditure in 2015, covering grants
made in FY2014. This first year of the EID survey only covered R&D spending on Ebola virus
disease, including grants targeting multiple filoviral diseases including Ebola.

The survey of FY2015 funding (the second year in which EID funding was included), was expanded
to include five additional diseases, mostly African viral haemorrhagic fevers (VHFs): Marburg, CCHF,
RVF and Lassa fever, as well as Zika. The expanded scope also captured R&D targeting multiple
filoviruses, bunyaviruses, or arenaviruses as well as R&D focused on filoviruses other than Ebola
and Marburg and bunyaviruses other than CCHF and RVF.

FY2016 marked the third year of EIDs’ inclusion in the G-FINDER survey, adding R&D spending
on coronaviral diseases (including MERS and SARS), and henipaviral diseases (including Nipah).
FY2016 also saw the inclusion of several kinds of non-disease-specific (‘Disease X’) funding and
core funding for multi-EID organisations.

In FY2017 (the fourth EID survey year), the scope of Disease X and core funding expenditure was
expanded to include the full value of funding intended to support research applicable to both
neglected diseases and EIDs, including core funding, platform technologies and other R&D, which
would previously have been prorated between neglected disease and EID funding totals. Funding
for R&D targeted exclusively at neglected diseases continues to be dealt with in the G-FINDER
report and is excluded from the figures presented here.

As part of the inclusion of combined EID and neglected disease funding, a new category, multi-
disease vector control products, was created to capture funding for R&D not targeted at one
specific vector-borne disease. The new category captures funding for VCP R&D where the targeted
vector transmits both neglected diseases and EIDs. For example, the Aedes aegypti mosquito
transmits both the dengue virus (a neglected disease) and Zika (an EID). For funding reported in
FY2017, the full value of this kind of funding is included under the category of multi-disease vector
control products, while pre-2017 funding is prorated across the target diseases, with only the share
attributable to Blueprint EIDs included in the funding totals reported.

These changes in scope mean that, although funding totals for FY 2014 and 2015 are reported
alongside those for FY 2016, 2017 and 2018 these figures include funding for a significantly different
set of diseases and are not directly comparable. Figure 18, below, shows the extent to which overall
reported funding in each year of the EID survey has been inflated by scope expansion, relative to
actual year-on-year increases in funding.
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Figure 18. Effects of scope change on measured funding
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IDENTIFICATION OF SURVEY RECIPIENTS

As new diseases have been added to the survey scope, organisations known to be active in these
areas have been identified and invited to participate in the G-FINDER survey.

In FY2014 (the first year EIDs were included in the survey), the survey recipients were existing
G-FINDER participants in the neglected disease survey supplemented via a search for

organisations engaged in Ebola R&D.

In FY2015, following expansion of the survey to collect R&D investment in additional African VHFs
and Zika, the survey recipient database was expanded to capture organisations engaged in or

funding these types of R&D.

In FY2016, as the survey was expanded to reflect the Blueprint list of priority pathogens, several
organisations known to be active in EID R&D were approached to participate in the survey based
on their attendance at the first scientific meeting of the Coalition for Epidemic Preparedness

Innovations.

DATA COLLECTION

The G-FINDER survey operates according to two key principles: capturing and analysing data in a
manner that is consistent and comparable across all funders and diseases; and presenting funding
data that is as close as possible to ‘real’ investment figures.

G-FINDER was originally designed as an online survey. An online survey platform was developed
to capture grant data and is still used by the majority of survey participants. An offline grant-based
reporting tool is also available. Industry (pharmaceutical companies and biotechnology firms)
investment in R&D is not grant-based, so a version of the reporting tool has been tailored for these
participants. Instead of grants, companies enter the number of staff working on emerging infectious
disease programmes, their salaries, and direct project costs related to these programmes.
Companies are required to exclude ‘soft’ figures such as in-kind contributions and costs of capital.



For some organisations with very large datasets, the online survey and equivalent offline reporting
tool are difficult to use. The G-FINDER team was therefore asked to use publicly available
databases to identify the relevant funding. For the US National Institutes of Health (NIH), grants
are collected using the Research Portfolio Online Reporting Tools (RePORTER) and the Research,
Condition and Disease Categorization (RCDC) process. For the Biomedical Advanced Research
and Development Authority (BARDA), relevant programmes are identified using the international
and domestic ‘Project Maps’ retrieved from the Medical Countermeasures website (supplemented
by keyword searches) and annual funding estimated based on prorated committed project values
listed on the USASpending.gov website categorised as being funded by the Office of the Assistant
Secretary for Preparedness and Response, BARDA's parent body.* Information on funding from
the US Department of Defense (DOD) is collected using the Defense Technical Information Center’s
‘DOD investment budget search’ tool. Funding from the European Commission (EC)! is retrieved
from the Community Research and Development Information Service (CORDIS) public database
and Innovative Medicines Initiative’s (IMI) online project list. Supplementary data is provided by the
EC. Information about the R&D projects funded by Innovate UK is extracted from spreadsheets
available on its website.

All participating organisations are asked to only include disbursements (or receipts), rather than
commitments made but not yet disbursed.

VALIDATION

All entries are verified against the inclusion criteria. Cross-checking is conducted using
reconciliation reports — which match investments reported as disbursed by funders with
investments reported as received by intermediaries and product developers — followed by manual
grant-level review of the report outputs. Any discrepancies are resolved by contacting both groups
to identify the correct figure. For grants from the US NIH, funding data is supplemented and cross-
referenced with information received from the National Institute of Allergy and Infectious Diseases
(NIAID).

Industry figures are reviewed against industry portfolio information held by Policy Cures Research
and against full-time equivalent (FTE) and direct costs provided by other companies. Costs that fall
outside the expected range, for example above average FTE costs for clinical staff, are queried with
the company and corrected.

OTHER R&D

Around 3.1% ($99m) of funding was reported to the survey as ‘unspecified’, usually for multi-
disease programmes where funds could not easily be apportioned by disease. This funding is
included in the report under the heading of “Other R&D’, with nearly half of the 2018 total resulting
from a single $44m 2018 grant from France’s Inserm, which targeted a range of EID and could
not be accurately apportioned between the target pathogens. A proportion of funding for some
diseases was also ‘unspecified’, for instance, when funders reported a grant for research into Zika
basic research and drugs without apportioning funding to each product category. This means that
reported funding for some diseases and products will be slightly lower than actual funding, with the
difference being included as ‘Other R&D’ funding in the Disease X chapter.

A further 8.8% ($298m) of global funding was given as core funding to R&D organisations, such
as CEPI, that work in multiple disease areas. As this funding could not be accurately allocated by
disease it is reported as unallocated core funding, but included in non-disease-specific measures
of Blueprint priority pathogen spending in the Funders section of the report, since this is the focus
of recipient organisations. In cases where grants to a multi-disease organisation were earmarked
for a specific disease or product, they are included under the specific disease-product area in the
Funders section of the report, while disbursements from intermediary organisations are included in
individual disease chapters - see ‘Funding to and from Intermediaries’, above.

*  This means that funding attributed to ‘BARDA’ in this report may also include funding from the broader Office of the Assistant Secretary
for Preparedness and Response (ASPR) budget.

T The term ‘EC’ used here and throughout the report refers to funding from the European Union budget that is managed by the European
Commission or related European Union partnerships and initiatives, such as the European & Developing Countries Clinical Trials
Partnership (EDCTP) and Innovative Medicines Initiative (IMI).
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DATA AGGREGATION

All pharmaceutical industry funding data is aggregated and anonymised for confidentiality
purposes. Rather than being attributed to individual companies, pharmaceutical company
investment is instead reported according to the type of company, with a distinction made between
multinational pharmaceutical companies (MNCs) and small pharmaceutical and biotechnology firms
(SMEs).

INFLATION ADJUSTMENTS

Funding data is adjusted for inflation and converted to US dollars (US$) to eliminate artefactual
effects caused by inflation and exchange rate fluctuations, allowing accurate comparison of annual
changes. All funding data in this report is in 2018 US$.

LIMITATIONS

While the survey methodology has been refined over the past decade, there are limitations to the
data presented, including survey non-completion, time lags in the funding process, an inability to
disaggregate some investments, and non-comparable or missing data. Data for some significant
public funders, most notably the US NIH and BARDA, draws mostly on prorated publicly reported
project totals rather than reported annual disbursements.

SUPPLEMENTARY MATERIALS

A detailed methodology is available at:
https://www.policycuresresearch.org/g-finder

All of the data behind the G-FINDER EID report is available through our data portal:
https://gfinderdata.policycuresresearch.org
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