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FOREWORD

The need toaligninvestment in health research
and development (R&D) with public health
demands remains one of the most pressing
challengesin global public health. But mapping
R&D canfeellike staringintoablack holeas there
are few standards in research classification and
often limited capacity to report such data.

Yet making difficult choices and prioritising research between
the multiple diseasesis asimportant today as it has ever been.
Thisis particularly necessary in those areas where R&D funding
isalready limited due to market failure such as for the poverty
related neglected diseases. We know that collectively the
funds available for R&Din thisareaare reachingaplateauata
time when anumber of infectious diseases, those that cause
pneumoniaamong them, are adding additional demands

to the R&D system with growing antimicrobial resistance.
Therefore, we willneed to get smarter at thinking inside this
fundingbox. This was the driving factor for the World Health
Organization (WHO) in creating a global observatory on health
R&D launchedin2017. The Observatory aims at providing

R&D datato: reviewand query information on current trends,
forexample,ininvestment in health R&D, productsinthe
pipeline and clinical trials; look at comparisons of R&D activities
between countries, diseases and in relation to relevant
information such as burden of disease or macroeconomic
indicators;and review global indicators on health R&D in the
context of the Sustainable Development Goals.

However, the map of R&D activity and the priorities thata
resource such as the Observatory canidentify is reliant on
those data thatare outin the public domain. So the work that
groups like the Research Investments in Global Health study
is undertakingandthe analysis it provides are very valuable
bothinsupporting our understanding of global R&D trends,
informing policy makingand developing the methodology
necessary to grow the important field of R&D tracking.

Robert Terry isthe Manager
of Research Policy at TDR
—the Special Programme

for Researchand Training

in Tropical Diseases. He has
publishedanumber of articles
onmapping R&D resources
and worked to develop the
original concept foraglobal
Robert Terry, health R&D observatory at
WHO the WHO.
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HIGHLIGHTS

THE FUNDING LANDSCAPE TO ADDRESS PNEUMONIA

Research targeting
pneumoniais limited

Research targeting
pneumonia represents avery
small proportion of overall
infection-related research
funding, approximately 3%
of the estimated $100 billion
invested between 2000

and 2015,
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Increasing threat of
antimicrobial resistance

Resistance to antimicrobials
isasevere threatto the
effectiveness of treatments

for pneumonia. In spite of this,
there was limited investment in
this area of research, with the
majority of funding relatingto a
couple of large clinical trials.

Pneumonia claims 13% of
childhood deaths

Pneumoniais responsible
forapproximately 13% ofall
childhood deaths worldwideand |. %
yet received limited research
investment and additionally

only received approximately

2% of available development

assistance for health funding.2 &%
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Funding for pneumonia-
related research increased

Funding for pneumonia-related
research hasincreased from
$67.0 millionin 2000 to $483.6
millionin 2015. As afunding
channel, the Bill & Melinda
Gates Foundation has been

the predominant funder of
pneumonia-related research
since 2008.

Childhood pneumonia deaths
decreasing at slower pace

Childhood pneumonia deaths have
decreased at a slower pace than
other leading causes of mortality R
and accounts for the vast majority =

of the burden of pneumonia- r
related disease but the portfolio "
of researchin this areaaccounts (")
for only one third of funding for =3 Z
pneumonia-related research. T
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THE GEOGRAPHY OF PNEUMONIA RESEARCH FUNDING
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Opportunities to raise the profile of
pneumoniain Ghana

Ghana ranks 11th out of the 45 sub-
Saharan Africa countries for receiving
pneumonia-related research investment.
However, thereis little evidence that
specificallyaddresses pneumoniain
Ghana. There are opportunities to

correctly diagnose and treat cases of
pneumoniainvulnerable patientsin
both community and hospital settings,
therebyimproving careand reducing
mortality.
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80% of pneumonia disease
burden in low-income
countries

Approximately 80% of the disease
burden of pneumoniais in low-
income countries however, only
8.4% of pneumonia-related

research funding was focused on
these countriesand almost all of
this focused on sub-Saharan Africa.

Many sub-Saharan Africa
countries not focus of
pneumonia-related research

Despite the high-incidence and
mortality due to pneumonia

in sub-Saharan Africa many
countries were not the focus
of any pneumonia-related
research funded by the G2o
countries.



cXECUTIVE
SUMMARY

IN 2016, ACCORDING TO THE GLOBAL
BURDEN OF DISEASE STUDY,

ONE OUT OF SEVEN CHILDHOOD
DEATHS WERE DUE TO PNEUMONIA,
ACCOUNTING FOR AN ESTIMATED
600,000 DEATHS IN CHILDREN UNDER
FIVE YEARS OF AGE.

ALTHOUGH THE ESTIMATED ANNUAL
NUMBER OF CHILDHOOD DEATHS
-ROM PNEUMONIA HAS DECREASED
BY 47% BETWEEN 2000 AND 20159,
PNEUMONIA REMAINS A SIGNIFICANT
BURDEN TO HEALTH.”




Mortality due to pneumonia is strongly linked to poverty-
related factors with approximately 80% of deaths
concentrated in countries in sub-Saharan Africa and
South Asia.2

Aside from vaccination, pneumonia remains challenging to
prevent, diagnose, and treat in low-income countries with the
currenttools and methods that are available. Pneumoniaisa
complex disease caused by a multitude of pathogens including
bacteria, viruses and fungi. Vaccines can prevent the leading
causes of pneumonia, particularly the pneumococcal and

Hib vaccines. By the end of 2016, the pneumococcal vaccine
had beenintroduced in 134 countries with a global coverage
estimated at 42%.3In comparison, the Hib vaccine hada
global coverage of 70% across 191 countries.* Antibiotics can
successfully treat most bacterial pneumonia cases when care
is sought quickly; however, their use remains low.> Antibiotics
need to be available and accessible to effectively treat
pneumonia; however, inappropriate treatment with antibiotics
has significant consequences and overuse of antibiotics is
known to lead to the development of antibiotic resistance.

Researchis crucial to generate new knowledge and tools

that canimprove prevention and treatment strategies for
pneumoniaas well as aid understanding of global, national and
local epidemiology and sociocultural impacts on the burden of
pneumonia disease.

Our vision is to utilise dynamic, real-time data to promote
evidence-informed policymaking and to support priority
countries in rapidly enacting recommendations to develop
national ‘pneumoniaaction plans’. Through the analysis of
research funding trends, gaps in research and investment in
relation to pneumonia can be identified and utilised to develop
priorities for future work.

Funding for pneumonia-related research was identified from
publicand philanthropic organisations providing investment
for research related to health. Awards were classified as
pneumoniaresearch studies if they: i) referred to pneumonia
inthe title and abstract and were clearly focused on
pneumonia disease with an infectious aetiology or, ii) focused
on pneumococcal disease or, iii) referred to severe respiratory
infectious disease (e.g. lower respiratory tract infection,
hospitalisation due to influenza or respiratory syncytial

virus) and in the opinion of the authors, likely to be related to
pneumonia. Reference to pneumonia awards and investments
refers to this working definition.

Overall, $3.0 billion was invested in pneumonia-related
research between 2000 and 2015 across 2,034 individual
awards and a broad temporal increase was observed. Prior to
2008, the USA National Institutes of Health (NIH) were the
predominant funder of pneumonia-related research however,
since 2008, following the inception of the pneumonia group at
the Bill & Melinda Gates Foundation, the Foundation became
the dominant investor.

In comparison to other key infectious diseases, pneumonia
appears relatively underfunded, receiving only 3.0% of an
estimated $100 billion invested in all infectious disease
research between 2000 and 2015 across the G20 countries.
Indeed, pneumoniareceives lower levels of investment per

global death than HIV, tuberculosis, malariaand enteric
diseases. Limited funding $164 million has been invested for
research on the diagnosis of pneumonia compared to $839
million and $857.5 million for research in therapeutics and
vaccines for pneumonia, respectively.

Despite the high burden of pneumoniain children, the
portfolio of research in this areaaccounts for only 34.4% of
theinvestment in pneumonia-related research. However,
investment in paediatric pneumonia research increased
between 2000 and 2015and by 2015 represented 76.4% of the
total pneumonia research funding for that year.

Antimicrobial resistance (AMR) is a growing concern for all
infectious diseases and pneumonia is no exception, with four
key pneumonia-causing pathogens included in the “WHO
Priority Pathogens List for R&D of New Antibiotics”. Despite
this, limited research has focused on AMR in relation to
pneumonia between 2000 and 2015.

Pneumonia-related research investment was limited in
low-income countries despite bearing approximately 80%

of the burden of pneumonia disease. Investments with a
focus on sub-Saharan Africa represented a majority of this
but many nations in this region were not the focus of any
pneumonia-related research funded by the G20 countries.
There are clearly social and political difficulties in investing in
certain countries; however, there are also large populations
vulnerable to the high burden of pneumonia disease. Capacity-
strengtheningand educational initiatives may help to address
these inequalities.

Theanalyses presented here form part of the most
comprehensive data set of global investments in infection-
related research undertaken to date. Overall, research

into pneumoniais lower than warranted by its burden of
disease, and arguably, pneumonia has arelatively low profile
compared to other infectious diseases such as HIV and malaria.
Promotion of research in pneumonia, including community
health and social science research along with country-specific
research on delivery strategies, overcoming barriers to
interventions and on better ways for implementation will
ultimately help prevent and reduce childhood deaths due to
pneumonia.







PNEUMONIA
THE BASICS

Pneumoniais asevere,acute, respiratory infection that
affects the lungs. The main symptom of pneumoniais
usually difficulty breathing ora cough.

The WHO Integrated Management of Childhood Iliness criteria for
classifying pneumonia in children present with a cough or difficulty
breathing are:

Severe pneumonia - child has any general danger sign (e.g. inability to
eat or drink, vomiting, convulsions, Iethar%y or unconsciousness), or
chest indrawing, or stridor in a calm child.

Pneumonia - child has fast breathing. In children aged two months

up to 12 months this is classed as 50 breaths per minute or more, and

in children aged 12 months up to five years, 40 breaths per minute or
6

more.

Pneumonia can be caused by numerous infectious agents including,
viruses, bacteria and fungi, the most common being: Streptococcus
pneumoniae, Haemophillus influenzae type B, respiratory syncytial
virus, and in infants infected with HIV, Pneumocystis jiroveci.”
Pneumoniais typically diagnosed using chest radiographs and
laboratory tests in high-income countries but these are often not
available in resource-poor settings, particularly outside of large
hospitals. In these areas, a clinical diagnosis should be made by a
skilled health worker.

The transmission of pneumonia can occur in a number of ways; the
viruses and bacteria that are commonly found in the nose or throat
can infect the lungs if they are inhaled, they may also spread by air-
borne droplets from a cough or sneeze, and by aspiration whereby
fluid is breathed into the lungs.

1






e STUDY
IN CONTEXT

Pneumoniais the single largest infectious killer of children worldwide and is particularly prevalent in sub-

Saharan Africa and South Asia.

Although the annual number of childhood deaths from pneumonia decreased by 47% between 2000
and 2015, pneumonia remains a significant burden and in fact, childhood deaths due to pneumonia
exceeded the proportion of childhood deaths from HIV, malaria,and measles combined.2

Furthermore, the rate of reduction of deaths due to pneumonia is
slower than has been achieved for other childhood killers, including
measles (85%) and enteric diseases (57%). 8

Inthe Democratic Republic of Congo and Chad, pneumonia claimed
more children’s livesin 2013 than in 1990. Conversely deaths

caused by measles fell by more than 70% in both countries.2 This
demonstrates a need to subsequently re-energise and target efforts
to tackle childhood deaths caused by pneumonia in sub-Saharan
Africain order to move closer to ending preventable childhood
deaths. Mortality due to pneumonia is strongly linked to poverty-
related factors, such as poor nutrition, indoor air pollution,and lack
of access to proper sanitation and health education.

In higher-income countries, pneumonia is a disease that
overwhelmingly threatens the lives of the elderly or people who

are already sick but many children still develop pneumonia. One
hundred years ago, pneumonia was a global plague and was one of
the principal causes of death among children of Europe and the USA.
However, rising living standards and improved access to health care
have dramatically changed this. Pneumonia remains a health risk for
childrenin high-income countries but the risks of fatality are skewed
towards poor children in lower-income countries.

Pneumonia has a complex aetiology with numerous causative
pathogens. Vaccines, particularly the pneumococcal conjugate
vaccine (protecting against various disease causing strains of S.
pneumoniae) and the Hib vaccine (protecting against H. influenzae
type b) can protect against most cases of pneumonia caused by these
pathogens and have been widely implanted with global coverages
estimated at 42% and 70%, respectively.34 However, these vaccines
only protect against particular pneumonia-causing pathogens. The
diagnosis of pneumonia can be difficult, particularly in low-income
settings and especially in children. Furthermore, the determination
of the causative pathogen of pneumoniais important to define the
treatment strategy for an individual. Antibiotics can successfully
treat most cases of bacterial pneumonia when care is sought quickly;
however, their use remains low.> Antibiotics need to be available

and accessible to effectively treat pneumonia but inappropriate
treatment with antibiotics has significant consequences and overuse
of antibiotics is known to lead to the development of resistance.”

Research is crucial to generate new knowledge and tools that can
improve the prevention, diagnosis and treatment strategies for
pneumoniaas well as aid understanding of global, national and
local epidemiology and the sociocultural impact on the burden of
pneumonia disease. Funding for pneumonia-related research was
identified from public and philanthropic organisations providing
investment for research related to health.

International funding to support global health interventions and
programmes has grown substantially since 1996 but they have

not necessarily aligned with trends in disease burden. In 2011, only
2% of development assistance for health funding was allocated to
pneumoniain comparison to the burden of disease which accounted
for an estimated 13% of childhood deaths worldwide.!

The G20 is the central forum for international cooperation on
financial and economic issues. The G20 countries account for more
than four fifths of gross world product and three quarters of global
trade,and are home to almost two thirds of the world’s population.®
The meeting of the G2o countries under the German Presidency
(2017) set a milestone for strengthening global health in response to
the recentinfectious disease pandemics. This was the first time that
the G2o have jointly taken responsibility for global health and they
are promoting the strengthening of the WHO and the development
of strong national health care systems. Through the 2017 Leaders’
Summit, a declaration was made by the leaders’ to safeguard
against health crises, strengthen health systemsand combat AMR.™®
Although no specific reference to pneumonia appeared on the
agenda for the G20 in 2017, their recommendations demonstrate the
increasing prioritisation of global healthamong world leaders.

This report summarises public and philanthropic funding for
pneumonia-related research by the G2o countries between 2000
and 2015. Additionally, it provides in-depth analysis and further
detail of specific areas relating to pneumonia: funding for diagnosis,
therapeutics and vaccine research, research with afocus on the
paediatric community, AMR, and funding of pneumoniaresearchin
the high-risk areas of sub-Saharan Africa, Pakistan and India.
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RESEARCH
ACTIVITIES

The Research Investments in Global Health (ResIn)
study was set up to describe trends in funding for
health research, specifically research for infectious
diseases. Previous analysis focused on infectious
disease research in the UK and showed the pneumonia
portfolio of research to be significantly underfunded
compared to the global burden of disease.”

This report provides a detailed analysis of pneumonia research
fundingacross the G2o countries. The following activities were
planned and delivered:

e  Researchawards with afocus on pneumoniaand infectious
diseases from funders across the G20 countries were collated
and categorised; trends in funding were examined.

e  Associations between burden of disease and research
investments for pneumoniaand other selected infectious
diseases were examined to provide a metric indicating the
relative level of spend compared to the burden of disease.

e  Detailed analysis of pneumonia-related research funding for
tools and products (diagnosis, therapeutics and vaccines) was
performed along with assessment of funding for AMR research
in the context of pneumonia.

e Specificanalysis examining funding for paediatric pneumonia
was performed to characterise the extent and sources of
investment in this high-risk age group.

e Thegeography of pneumonia-related research in sub-Saharan
Africawasillustrated to characterise the extent and location of
pneumoniaresearch in this high-burden setting.

The results from these activities were combined to help identify gaps
in research and investment in relation to pneumoniaand to develop
priorities for future work.
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APPROACHES
10 THE WORK

The methodology used in this report builds on previously published work by the ResIn
study that describes UK investments relating to infectious disease research.™

Within this analysis research was defined as discrete projects that generated new

knowledge about a specificarea of focus.

Funders

Research funders were identified across the G2o countries

froma number of sources including: funders that we had
prior knowledge of, existing funding databases, searches
of theinternet,and contact with relevant in-country
stakeholders.

The G20 comprises of: Argentina, Australia, Brazil,
Canada, China, France, Germany, India, Indonesia, Italy,
Japan, Mexico, Russia, Saudi Arabia, South Africa, South
Korea, Turkey, the UK, the USA, and the European Union
(EV). Inthis analysis, the contributions of the individual
EU member states and the countries invited to the G2o
summitin 2015are included. In 2015, the invited counties
were: Azerbaijan, Malaysia, Senegal, Singapore, Spainand
Zimbabwe.

Handling data

Each individual award was extensively characterised.
Fundingamounts have been adjusted for 2015 inflation
and, where required, have been currency converted

into US dollars. Comparisons with the burden of disease
used 2015 data from the Global Burden of Disease study
(GBD 2015)."2 In this report the burden of pneumoniais
based on GBD 2015 estimates of lower respiratory tract
infections, which encompasses a full range of pneumonia
aetiologies.’?

Inclusion criteria

Funding from public and philanthropic organisations.
Funding organisation within the G2o countries.
Commitment to fund between 2000 and 2015
(inclusive).

Awards focused on pneumoniawith aninfectious
aetiology.

Awards focused on pneumococcal disease.

Awards focused on severe respiratory disease likely to
be related to pneumonia.

Award types - project grants, programme grants or
consortia grants, fellowships, and pump-priming or
pilot projects that had a clear research component.
Research from pre-clinical to public health studies.
Implementation research (e.g. assessing the impact of
pneumococcal vaccine introduction).

Exclusion criteria

Funding from private sector and industry.
Implementation activity (e.g. financing the
distribution of vaccines).

Limitations

Since thereis no uniform way of reporting research-
related investments across funding organisations, not
all data points are available for each individual award.
Investments from the private sector and industry

are typically not openly available and are therefore
difficult to document and are not included in this
analysis.
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TRENDS IN
PNEUMONIA
FUNDING

Summary of results

Annual funding for pneumonia-related research showed
abroad temporal increase from $67.0 millionin 2000 to
$483.6 million in 2015. The USA NIH was the predominant
funder, between 2000 and 2008, providing between
37.8% and 96.9% of the total annual investment. From the
inception of the pneumonia group at the Bill & Melinda
Gates Foundation in 2008 a shift was observed, with the
Foundation becoming the dominant funder, providing

up to 54.7% of the total annual investment (2008-2015).
After 2010, investment by the USA NIH declined, in terms
of both sum of total funding and also as a proportion

of the total (Figure 1). These two organisations have
different broad focuses of their portfolio of pneumonia-
related research, with the USA NIH predominantly
funding biomedical research (typically classified here

as pre-clinical research) and the Bill & Melinda Gates
Foundation funding translational areas of research such
as clinical trials and public health research (Figure 2).

The Innovative Medicines Initiative (IMI)(Infographic

2) funded two large clinical trials related to pneumonia
antibiotic development in 2013 and 2015 totalling $523
million. These large amounts skew the overall total and
temporal trends when examining the pneumonia-related
research portfolio.
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Figure 1

Annual funding for
pneumonia-related research
by funding organisation.

Figure 2
Proportion of annual funding
for pneumonia-related

research by type of science.
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$3.0bn

invested in pneumonia-related
research between 2000 &2015

2,034

individual awards for pneumonia-
related research

Infographic1

There were two IMl awards
that represent 16.9% of all
investmentin pneumonia-
related research between
2000 and 2015.

$335.5m /2013

for one IMI clinical trial related

to Staphylococcus aureus
therapeutics

$187.5m

forone IMI clinical trial related to
Pseudomonas aeruginosa
therapeutics

Infographic 2
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PNEUMONIA RESEARCH FUNDING

PNEUMONIA
AND OTHER

INFECTIOUS
DISEASES

FIGURES —

Summary of results 3&4

An estimated $100 billion has been invested

by public and philanthropic organisations Figure 3

for all infectious disease research between Annual funding for

2000 and 2015 across the G20 countries. pneumonia-related

research compared to

e  $37.9billion (37.9%) focused on HIV all-age pneumonia-related
$5.6 billion (5.6%) focused on deaths.
tuberculosis

e  $4.5billion (4.5%) focused oninfluenza Figure 4

e  $4.3billion (4.3%) focused on malaria Funding for selected

e $3.0billion (3.0%) focused on infectious diseases per all-
pneumonia age deaths (2015).

ASSOCIATIONS
WITH BURDEN
OF DISEASE

Investments for research into key infectious
diseases were compared to the global burden
of these diseases to give an indication of the
relative level of spend. The total funding for
HIV, tuberculosis, malaria, enteric diseases and
pneumonia was assess against mortality in 2015.

Summary of results

The burden of pneumonia, as measured by
mortality, has decreased over time along with
observedincreases in research funding (Figure 3).
Research may have contributed to this reduction in
disease burden however, there are numerous other
efforts that are also responsible and may have had
alarger impact on the burden of disease, such as
implementation policy, economic development
(including improved nutrition, housing and access
to health care), and availability of vaccinations.'3
Compared to mortality for HIV, tuberculosis,
malariaand enteric diseases, pneumonia received
lower levels of investment per death (Figure 4).

20
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PNEUMONIA RESEARCH FUNDING

DIAGNOSIS,

Improving the diagnosis, therapeutics and vaccines for the
detection, treatment and prevention of pneumonia s critical
for the reduction of the disease burden and are therefore areas
of interest for scientific research. The portfolio of pneumonia-
related research generated in this study was analysed to assess
contributions from funders to these three key areas.

Atotal of $164 million was invested in research relating to the
diagnosis of pneumoniaacross 148 individual awards. This
represented 5.3% of the total investment in pneumonia-related
research between 2000 and 2015 (Infographic 3). Within this
set of awards, 22.3% were funded by the USA NIH equating

to $53.8 million and 19.6% were funded by the Bill & Melinda
Gates Foundation, $38.9 million. Furthermore, the European
Commission funded 12 awards which contributed approximately
one quarter of theinvestmentin thisarea. There were large
fluctuations in annual investment for diagnosis research,
ranging from no fundingin 2001 to $35.2 millionin 2012

(Figures).

Research into therapeutics equates to $839 million,
representing 27.2% of the total investment in pneumonia-
related research across 302 individual awards (Infographic

3). The majority of these awards, 59.3%, had a pre-clinical
research focus, however this only represents $162.8 million of
theinvestmentin this area. Conversely, $592.3 million of the
investment was for clinical trials across 12.9% of the awards.
This large proportion of investment in pneumonia-therapeutic
research is skewed somewhat by two large awards for clinical
trials provided by the IMI totalling $522.9 million, making IMI the
largest single funder of therapeutic research despite the small
portfolio of awards. The second largest funder of therapeutic
research is the USA NIH followed by the European Commission
and then the Bill &Melinda Gates Foundation (Table 1). Overall,
annual investment in therapeutic research increased between
2000 and 2015 (Figure 5).

Vaccine-related research represents 27.8% of investment in
pneumonia-related research equating to $857.5 million across
339 individual awards (Infographic 3). The Bill & Melinda Gates
Foundation is the largest single funder of pneumonia vaccine
research, providing investment of $545.4 million across 91
individual awards. In comparison, the second largest funder,
the USANIH, provides $190.5 million, although this investment
was spread over asimilar number of individual awards. Funding
fromany other source was limited, including from other high-
profile funders such as the Wellcome Trust and the European
Commission (Table 1). Funding for pneumonia-related vaccine
research has increased between 2000 and 2015, withalarge
majority of investment, $681.7 million, occurring between 2008
and 2015 (Figure5).

KEY FINDINGS:

Atotal of $1.86 billion
invested in diagnosis,
therapeutic and
vaccine research for
pneumonia between
2000 and 2015.

The Bill & Melinda
Gates Foundation
was the major funder
of vaccine research
relating to pneumonia.
Limited funding

has been invested
inresearch for the
diagnosis of pneumonia.

N
Figures

Diagnosis - includes both diagnosis
and diagnostics and refers to any award
attempting toimprove the identification

of pneumonia. This may include the use of
biomarkers, assessment of point of care
diagnostics, revised approaches to clinician
diagnosis,and screening studies.
Therapeutics - includesallaspects of drug
design, assessment of antibiotics, antivirals
andantifungal drugs,and other forms of
treatment.

Vaccines - refers to pre-clinical and clinical
assessment of immunisation, including roll
out of vaccine programmes and behavioural
and social science studies concerning
attitudes and uptake of vaccination.
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USANIH

Bill & Melinda Gates
Foundation

European Commission

IMI

Wellcome Trust

Table1

$53.8 million (32.9%)
33awards

$38.9 million (23.8%)
29 awards

$42.9 million (26.3%)
12awards

$0 (0%)

oawards

$1.1 million (0.6%)
2awards

invested in therapeutic
research for pneumonia

Fundingawarded for diagnosis, therapeutics and vaccines

$135.7 million (16.2%)
108 awards

$40.8 million (4.9%)
21awards

$52.7 million (6.3%)
13awards

$522.9 million (62.3%)
2awards

$15.7 million (1.9%)
11awards

investedinvaccine
research for pneumonia

$190.5 million (22.2%)
88awards

$545.4 million (63.3%)
91awards

$15.6 million (1.8%
5awards

$0 (0%)

oawards

$10.8 million (1.3%)
11awards
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PNEUMONIA RESEARCH FUNDING

PAEDIATRIC
PNEUMONIA

Pneumonia remains the world’s leading cause of deathamong
children under five years old with a majority of these deaths
occurring in low-income countries, particularly in sub-Saharan
Africaand South Asia. Neonates are particularly vulnerable to
pneumonia; in 2016, neonatal mortality accounted for 24% of
all paediatric pneumonia deaths.? Awards related to paediatric
pneumonia were identified and explored further, compared to
the overall portfolio of pneumonia-related research and other
key infectious diseases that have a high burden of disease in
children. Investment levels alongside the burden of disease
were also examined.

Summary of results

Research into paediatric pneumonia contributed 34.4%
of the total investment in pneumonia-related research

equating to $1.04 billion, and comprised 316 individual awards. [

Investment in paediatric pneumonia research increased
between 2000 and 2015 from $1.05 million to $369.7 million,
respectively (Figure 6),and by 2015 represented 76.4% of the
total pneumonia-related research funding. In 2015, there was
alarge investment by IMI representing 50.7% of the annual
investment in paediatric pneumonia research for that single
year. The Bill & Melinda Gates Foundation are the major
single funder of paediatric pneumoniaresearch providing
60.0% of the total funding in this area, $622.9 million. Overall,
40.4% of paediatric pneumoniaresearch had a public health
focus. Within the paediatric portfolio, there were 29 awards
totallingan investment of $70.0 million that had a clear focus
on pneumoniain the neonatal population. It isimportant to
note that although other research awards may not be directed
at the paediatric community or have a clear paediatric focus,
their findings may be translated to,impact on,and benefit the
paediatric community.

In comparison to other infectious diseases that are of
importance in paediatrics, such as measles, tetanus, pertussis
and enteric diseases, only enteric diseases received more total
funding, $3.2 billion, than pneumonia between 2000 and 2015
(Infographic 4). However, when looking at the relative level of
spend compared to the burden of these diseases in the under-
five population, both measles and enteric diseases received
more funding per global death than pneumonia (Figure 7).

The burden of paediatric pneumonia, as measured by
mortality in under five year olds, has decreased over time
along with observed increases in paediatric pneumonia-
related research funding (Figure 6). As for all-age pneumonia
burden, there have been numerous efforts to reduce the
burden of disease of which research is one contributor.'3
Even though the burden of paediatric pneumoniais declining
and research investment has increased, pneumoniais still a
leading contributor to paediatric mortality.
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Figure 6
Annual funding for paediatric
pneumonia-related research
compared to under 5’s
pneumonia-related deaths.

Figure7 4
Funding for selected paediatric 7
infectious diseases per under 5’s r
deaths (2015).
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TOTAL ALL-AGE
FUNDING BETWEEN
2000-2015 FOR

CHILDHOOD-
RELATED DISEASES

$3.0bn

Pneumonia
DEATHS: 700,554 | DALYs: 60.2 million

Measles

$625.8m

DEATHS: 62,588 | DALYSs: 5.3 million

$13.5m

G/

DEATHS: 25,497 | DALYS: 2.2 million

Pertussis
$77.5m

DEATHS: 54,493 | DALYs: 4.7 million

$3.2bn

®e
9

Enteric

DEATHS: 498,889 | DALYs: 45.1 million

*disease burdeninunder 5’s (2015)
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PNEUMONIA RESEARCH FUNDING

ANTIMICROBIAL
RESISTANCE

AMR affects nearly all infectious diseases,and in
pneumoniait has a great health impact, especially in
neonates.'4 Four key pneumonia-causing pathogens
(P.aeruginosa, S. aureus, S. pneumoniae, and H.
influenza) (Infographic 5) have beenincludedin

the “WHO Priority Pathogens List for R&D of New
Antibiotics” (2017) indicating the public health need for
research into new antibiotics and treatments for these
pathogens.

FIGURE

Limited research has focused on AMR in relation to

pneumonia between 2000 and 2015; a total of $667.9 | N FO G RA P H | C
millionacross 151individual awards. A major contribution

to this investment was the two awards for clinical trials

of therapeutics (which had an AMR component) funded

by IMlin 2013 and 2015. This equates to $522.9 million Annual funding for

and 78.3% of pneumonia AMR research. The remaining pneumonia-related AMR
pneumonia AMR research portfolio represents 4.7% of research between 2000

all pneumonia-related research, totalling $145 million. and 2015. Highlighted bars
Annual investment has remained limited for this indicate years thatinclude
research area, with small annual fluctuations between IMI funding.

2000 and 2015, with the exception of the two IMl awards

(Figure 8). A majority of the individual awards, 114 4

awards, for pneumonia AMR research were pre-clinical

totalling $115.9 million of the investment in this research

area. After the IMI, the second largest funder was the

USA NIH, $75.9 million; followed by the European

Commission, $22.9 million; the Wellcome Trust, $13.0

million; and the Bill & Melinda Gates Foundation, $6.7

million.

Despite the impact of AMR on pneumoniain neonates
and the paediatric population, only $2.8 million of the
investment in pneumonia AMR research had afocus
on neonates and $192.1 million had a focus on the wider
paediatric community.




KEY PATHOGENS OF FOCUS FOR PNEUMONIA AMR
RESEARCH BETWEEN 2000 AND 2015
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THE GEOGRAPHY
OF PNEUMONIA INVESTMENTS

Approximately 80% of the disease burden of pneumoniais in low-income countries, particularly
sub-Saharan Africaand South Asia. Here we have explored the country of focus of research awards
for pneumonia, concentrating on sub-Saharan Africa, Indiaand Pakistan, to map the investmentin
pneumonia-related research in the context of these countries.

COUNTRIES RECEIVING
FUNDING FOR PNEUMONIA
RESEARCH (2000-2015)

Gambia $75,538,334

Nigeria $26,385,082

Uganda $24,748,559

South Africa $23,827,947

Mali $21,192,133

Ethiopia $18,204,254

Mozambique $16,504,448

Malawi $12,623,545

Kenya $7,749,782

Democratic Republic of Congo $5,749,500

Ghana $5,303,107

Benin $5,249,500 cot 51 3
Ivory Coast $5,249,500 o
Togo $2,063,227

Rwanda $1,240,692

Tanzania $1,087,591

Cantral African Republic $1,087,300

Lesotho $1,087,300 Summary of results

Madagascar $1,087,300

From 2000-2015, $258.3 million was invested in pneumonia-
related research focused on low-income countries (as
Zambia $417,400 defined by the World Bank). This represents 8.4% of the total
pneumonia-related research investment.

Burkina Faso $808,064

Zimbabwe $417,400

Guinea-Bissau $228,035 There was $257.9 million of investment in pneumonia-

related research with a clear focus on sub-Saharan Africa.

Whilst there were numerous counties where very little to

no investment was identified, Gambia was the main focus

Pakistan $18,778,497 forresearch investment followed by Nigeria, Uganda, South
Africa,and Mali. This may be explained by the presence of UK
Medical Research Council-funded research centres in both
Gambiaand Uganda.

India $82,002,325

There was $82.0 millioninvestedin pneumonia-related
research withafocus on India, including funding from the
Indian Council of Medical Research and $18.8 million had a
focus on Pakistan.
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CASE STUDY:

PNEUMONIA IN GHANA -
A NEED TO RAISE THE PROFILE

Premise: Michael Head received a 2017 Global Partnerships award from the University

of Southampton to travel to Accra, Ghana (August 2017) to initiate collaborations and
discussions with academic, clinicaland policy colleagues, reflecting on the problems and
priorities of pneumonia in Ghana. The lessons learnt through this partnership award and the
identification of priority research areas framed within their local context, can be used asa
template across other key low-income settings.

Inachildren’s hospital in Accra, the mortality associated with
pneumoniawas high,and possibly even rising between 2003 and 2013,
accounting for 18% of deaths in children under five years of age.’®
THE PROBLEM Many Ghanaians in rural settings have little easy access to hospital care
and rely on the community health programme for healthcare.
Community healthcare officers have . . :
often received little training, there will Ab;ence of appropriate dla.gn05|s means that e.venturally many othese
typically be no doctor on site,and cases of | Patientswillend upin district or teaching hospitals with aworsening
pneumonia are often misdiagnosed. infection. Here the challenge in Ghanais the subjective diagnosis of
Evenif pneumoniais correctly diagnosed, | Pnéumonia between f:llnlc!ans;Fhey may t?e copstra[neq bya Igck 9f
antibiotics are not freely available in the routine access to basic radlploglcal and mlcroblqloglcal investigations.
community setting. Patients/parents will The patient will L{sually be SICI'( enough tobe afjmltted, and prescribed
need to buy from drug peddlers or travel amoxicillin, despite not knowing the likely aetiology and patterns of
to the nearest pharmacy and pay for a resistance and whether it will be effgctlve. Inateaching hospital there
prescription. Thus treatment may not may be specialist respiratory physicians available, but they are not
routinely called to assess cases of pneumonia upon admission, and
typically only see the patient up to ten days later. The patient may
have remained on amoxicillin all this time and not improved, and many
children at this point may die. District and regional hospitals rarely
have respiratory specialists.

always reach the patient.

*extracts fromacommentary in the journal International Health'



The Ghana Southampton
Pneumonia Partnership

INTERVENTIONS

Awareness and use of
national guidelines varies,
with healthcare practitioners
often relying solely on clinical Mercy Abbey, Researchand
judgementand experience, as Deve_lopment Division, Ghana Health
well as international guidelines SIS AT T

. . Seth Kwaku Afagbedzi, School of
that are partially adjusted for the Public Health, University of Ghana,

local context. Accra, Ghana
Jane Afriyie-Mensah, Department of
Medicine and Therapeutics, Korle-Bu
Teaching Hospital, Accra, Ghana

R E S E A R C H David Antwi-Agyei, Ghana Health
Services, Kumasi, Ghana; Kirchuffs

F U N D | N G Atengble, PACKS Africa, Accra, Ghana
Ebenezer Badoe, Department of Child
Health, University of Ghana, Accra,

Thereis alimited evidence base that Ghana

specifically addresses pneumonia James Batchelor, Faculty of

in Ghana. Through our analysis four Medicine, University of Southampton,

: : Southampton, UK
awa.rds were Identlﬁed. A U Eric S Donkor, Department of Medical
projects for pneumonia-related

Microbiology, University of Ghana,
research focused on Ghanainvested Accra, Ghana

by funders within the G20 countries Reuben Esena, School of Public
between 2000 and 2015 Health, University of Ghana, Accra,
Ghana

Bamenla Q Goka, Department of
Child Health, University of Ghana,
Accra, Ghana

Michael G Head, Faculty of
Medicine, University of Southampton,
Southampton, UK

Appiah-Korang Labi, Department
of Medical Microbiology, Korle-Bu
Teaching Hospital, Accra, Ghana
Edmund Nartey, Centre for Tropical
Clinical Pharmacology & Therapeutics,
University of Ghana, Accra, Ghana
Isabella Sagoe-Moses, Family Health
Division, Ghana Health Service, Accra,
Ghana

Edem MA Tette, Department of
Community Health, School of Public
Health, University of Ghana, Accra,
Ghana

The collaborations established through
this award have led to the development
of the Ghana Southampton Pneumonia
Partnership. Members of this group are:

Interventions that take
into account the local
context, allow local
ownership of theresearch
and forge close links with
policy stakeholdersare
important in maximising
uptake and use of
research findings.

OPPORTUNITIES

There are opportunities to
correctly diagnose and treat
cases of pneumoniain vulnerable
patients at their first contact

with a healthcare facility in

the community, and further
opportunities toimprove care and
reduce mortality in the hospital
setting.




THE WIDER
PICTURE

This body of work has established that pneumonia is relatively
underfunded compared to other high profile infectious diseases such
as HIV, tuberculosis and malaria, particularly when examined in the
context of the global burden of disease.

The predominant funder of pneumonia research is the Bill & Melinda Gates Foundation and
thereis little sustained public or philanthropic funding from other investors.

Therefore, itisimportant to consider funding motivations for infectious disease research and
to identify mechanisms that might increase the overall portfolio for pneumoniaresearch.

Itisalsoimportant to workin close partnership with stakeholders in priority countries in
order to raise the profile of pneumoniaand improve the development of policies that address
pneumonia case prevention, identificationand management
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world :
pneumonia
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SELECTED PRIORITY
COUNTRY PROFILES

Democratic
Republic of
Congo

Nigeria

Pneumonia-related research funding=$82.0 million
Number of awards=70

Pneumonia deaths (2015) =505,726.93 [under 5’s =
167,517.57]

All deaths (2015) = 9,735,858.91 [under 5's = 942,693.98]
Population (2015) =1.309 billion

GDP (2015) = $2.112 trillion

Number of nurses and midwives (2013) = 2.049 per
1,000 population

Pneumonia-related research funding = $18.8 million
Number of awards =7

Pneumonia deaths (2015) = 51,503.6 [under 5’s =
30,594.64]

All deaths (2015) =1,282,435.11 [under 5’s = 271,324.01]
Population (2015) =189.4 million

GDP (2015) = $271.1 billion

Number of nurses and midwives (2014) = 0.604 per
1,000 population

Pneumonia-related research funding = $5.8 million
Number of awards =2

Pneumonia deaths (2015) =54,660.45 [under 5’s =
30,798.95]

All deaths (2015) = 677,353 [under 5’s = 261,801.12]
Population (2015) =76.2 million

GDP (2015) =$36.2 billion

Number of nurses and midwives (2009) = 0.961 per
1,000 population

Pneumonia-related research funding = $18.2 million
Number of awards=3

Pneumonia deaths (2015) =56,554.6 [under 5’s =
21,782.36]

All deaths (2015) = 675,343.93 [under 5’s =151,088.1]
Population (2015) =99.9 million

GDP (2015) =$64.5 billion

Number of nurses and midwives (2010) = 0.236 per
1,000 population

Pneumonia-related research funding = $26.4 million
Number of awards=8

Pneumonia deaths (2015) =115,094.62 [under 5’s =
61,585.25]

All deaths (2015) =1,400,354.06 [under 5’s =752,844.47]
Population (2015) =181.2 million

GDP (2015) =$481.1 billion

Number of nurses and midwives (2010) =1.605 per
1,000 population

Pneumonia-related research funding =$7.8 million
Number of awards=10

Pneumonia deaths (2015) = 23,056.21 [under5’s =
11,529.51]

All deaths (2015) =270,384.93 [under 5’s = 60,130.25]
Population (2015) = 47.2 million

GDP (2015) =$63.8 billion

Number of nurses and midwives (2013) = 0.868 per
1,000 population

Pneumonia-related research funding = $5.3 million
Number of awards =4

Pneumonia deaths (2015) =16,712.5 [under 5’s =
3,837.31]

All deaths (2015) =191,483.4 [under 5’s =50,677.17]
Population (2015) =27.6 million

GDP (2015) = $37.5 billion

Number of nurses and midwives (2010) = 0.9 per
1,000 population

Number of community health workers (2005) =
0.046 per 1,000 population

Number of physicians (2014) = 0.725 per 1,000
population

Number of hospital beds (2011) = 0.7 per 1,000
population

Specialist surgical workforce (2014) = 6.82 per
100,000 population

Number of community health workers (2010) =
0.068 per 1,000 population

Number of physicians (2014) = 0.806 per 1,000
population

Number of hospital beds (2012) = 0.6 per 1,000
population

Specialist surgical workforce (2014) =5.53 per
100,000 population

Number of community health workers = data not
available

Number of physicians (2009) = 0.091 per 1,000
population

Number of hospital beds (2006) = 0.8 per 1,000
population

Specialist surgical workforce (2013) = 0.19 per
100,000 population

Number of community health workers (2009) =
0.363per 1,000 population

Number of physicians (2010) = 0.022 per 1,000
population

Number of hospital beds (2011) = 6.3 per 1,000
population

Specialist surgical workforce (2016) = 0.54 per
100,000 population

Number of community health workers (2008) =0.128
per 1,000 population

Number of physicians (2010) = 0.395 per 1,000
population

Number of hospital beds (2004) = 0.5 per 1,000
population

Specialist surgical workforce (2014) =1.36 per
100,000 population

Number of community health workers =datanot
available

Number of physicians (2013) = 0.2 per 1,000 population
Number of hospital beds (2010) =1.4 per 1,000
population

Specialist surgical workforce (2016) = 2.4 per 100,000
population

Number of community health workers (2008) = 0.2
per 1,000 population

Number of physicians (2010) = 0.1 per 1,000 population
Number of hospital beds (2011) = 0.9 per 1,000
population

Specialist surgical workforce =data notavailable

Population, GDP and health professional data obtained from the World Bank.
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STAKEHOLDER

The engagement of key stakeholders is integral to the Resln Study and has been afocus of the study over the last two years.'9
ResIn contributes to the UK Health Funders Forum run by the UK Collaborative on Development Sciences.
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OUR VISION IS TO UTILISE
DYNAMIC, REAL-TIME
DATA TO PROMOTE
-VIDENCE-INFORMED
HEALTH POLICYMAKING.

Moving forward, we propose an innovative, multi-disciplinary programme

of research that can create alearning health system and translate into rapid
and sustainable benefits for patients, decreasing inequalities in vulnerable
populations,and reducing pneumoniaand other disease burdens. Through
this work we want to enable in-country capacity building to collate country-
specific datarelating to research funding, the impact and outputs of research,
and research capacity. This will allow countries to be self-sufficient and able
to use datato inform evidence-based policy decisions, ultimately improving
patient care and reducing the burden of disease.

Our objectivesare to:

e  Update and enhance descriptions of global publicand philanthropic funding trends for health
research. | %&
. . - AL
e  Reflectuponthedrivers for research investment decisions. i o -,

e Createaself-sustaining knowledge transfer network of multi-disciplinary colleagues in
priority high-disease burden countries.

e  Mapthe profile of healthcare facilities in priority countries to indicate centres of ongoing
and previous research, current research capacity, readiness for future health research,and
epidemic preparedness.

e  Utilise surveys of policy, clinical and academic colleagues in priority countries to identify
national uptake and local contextual barriers to the use of health policies within local health
systems.

e Identify sustainable approaches to ensure the flow of knowledge from national and
international health research into evidence-informed policymakingin each priority country.
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