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PRISM PRISM(the Unit for Policy Research in Science and Medicine) was
established by the Wellcome Trust in 1990 as a centre for independent
analysis and advice on science policy. Its mission is to help inform
decisions on the most effective means of supporting scientific research.
PRISM supports evidence-based policy making particularly by:

evaluating research outcomes,
auditing scientific activity in different research fields and countries,
applying novel approaches to strategic planning and priority setting.

As well as carrying out independent policy research, PRISM offers two
unique services to funding organizations, peolicy makers, government
departments, universities and industrialists:

SPIM (Science Policy Information Mews) — a weekly round-up of news
in biomedical science policy.

ROD (Research Outputs Database) — developed by PRISM to track
research outputs in biomedical sciences. For the first time, research
funding agencies are able to identify and acquire details of research
papers attributable to them,
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PREFACE

This study of the global malaria research effort over the past decade had
:i[i llr]‘gil]ﬁ I||'|. [hl.' .'tllln!"lf_' "u'\"l“]'l []:I'- II]L' ‘\“:"rf_']l'l'_'[]n]f ';LI'UH' [ £8] I::I!'"'.Iin An
objective review of the research outputs from its overseas units. Thar
objective was subsequently expanded 1o accommodarte the valuable

suggestions made by members of the Steering Committee established

for this “audic” and by the Trust’s Tropical Medicine Interest Group.
Particularly important were the suggestions o seck opinion from ‘users
a3 “".".”. as I‘L'{“Tl th‘.' PT-'l.'l'.'lllti.{J]'ll'.'H E]}‘]l]i{lﬂrlﬁl ﬂ.'!'i‘.'ﬂ.l"l'.'l'l ;Irld. o L'I-"I.“'l.illl' tl'“.'
effectiveness with which rescarch findings have been translated into

practice.

Many individuals and organizations have collaborated in this project
and hopefully they will find this report both of interest and of value.
Thf.." ;Il.tll'l“n I'I.;I\"L' 1']1.“-".'" ".'J'I]H.lliﬂ.h;ﬂ.' I‘L'ni.hlﬂrlcl' 'iH t|11_'ir ]“]rhll..“. {:lj'- tl'“."
data needed for this study and few organizations have failed o respond
to requests for information. It is hoped that they also will find the
study of value.

Some researchers have expressed a concern that the objective of the
faudit” might have been to reduce the fumliug for malaria research.
However, ar a time when the synthetic antimalarials developed in the
middle vears of this century are approaching the end of their useful life
and che m.'Ll:l:ri:l_ vaccine remains a desirable vet unachievable gn.ll, the
report reveals that the support for malaria research by several of the
major Fundlng agencies has Fallen :sig:!il"lr_aut[\.' in recent years and
highlights the very low level of industry-based research on this disease.
It is to be desired that this report will stimulate a greater level of malaria

l-l'_'hl".'lrc]'i il(.'ti'i'i.l}" il! I'Hll!'i ||]L' Pl.lb.llEl'_' :md pr'w.'uu SCC TS,

The authors merit comment for their enthusiasm for this project and
I.llr EIH.' ‘J.iii.g‘.'l'l‘l_'l'_' Jll'l.l'j care “']I[h “'I'Iil.'l] tl'l.l'_' lt'l'hﬂrt I'lil?i E]',.'L'l'l ';,:""Hlllll:,:t‘,"ll.
The complexity of the exercise has presented both a major challenge
and a very large workload bur the final report more than justifies their

efforts.

R E Howells
Programme Director
The Wellcome Trust
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EXECUTIVE SUMMARY

INTRODUCTION

Malaria s n:cngniu‘d as a major and inc n::i:iing
threat to world health. Disease prevalence is
escalating and distrnibution expanding as resis-
tance to antimalarial drugs and insecricides
:ipn,'.ul.x. Mew and i:l1:|pnn.1:-|] :|]=|1-m.u_'|'|1.'.~. tor dis-
case pf‘:wrﬂiﬂ!\‘ rearment ﬂ."d '."UHIT'L"I ane
required and present an urgent challenge o
the underpinning sciences. There is a pressing
need for research in the field of malaria, and
for the effecrive translation of research resules
into practical application.

The limited availabilicy of funds for research,
in any scientific field, dictates thar support
ITILESE ].'“.' ﬂH.'lJ:i\'.'lI. ﬂ.l'l{i i' “'lll.l.ld. HOCIT !iﬂ:“l-
evident that future funding policies of organi-
E;iti.l:}[l:\ il'l'l."l..'!itil'lg il'l ljl.lﬁlﬂlqdllﬂ-'ll ".'Z'i'l.';.ll.'{.:l'l |:H.'I'.'ﬂ.|.
to be information-led and evidence-based. An
L'}}-[.:{.'[.l\'f.'. ﬂm:r:trq..'h'lll[_: .ippnl:lch (8] tl'“..' AERURR-
ment of research activity in a field can help
inform the decision-making  process. This
report presents the results of one such study,
which examined international research acavity
in the field of malaria.

The study was undertaken using a set of novel
analytic techniques developed by the Unit for
[:Il:lli.l'_'}' Itﬂ.'!’i‘."-'trﬂ.h I|:|'I :‘;L'lll.'l'lL'L" -'ll'l.l'j h't‘fj .“: i.l'l.:!
{PRISM). The purpose was to generare infor-
]'H-"llil“'l |I'|-i“ Ll“lkd I'H.'II'I 'I'I.I'.' w'IIfIIL'UI'“{' -I‘FHN: il'l
its policy decisions on the most effective means
of supporting malaria research in the future.

During the course of the study, it became clear

that the information prm{ug'r_'tl may also be of

some value to individuals and other organiza-
tions which tund, manage or conduct malaria
research. The key findings are therefore being
published to provide a factual base of evidence
to help inform discussions on malaria research

p[]“:l:}' more I'll[};l.-d | V.

The study examined the tunding inputs w
malaria research internationally, as well as the
published outputs and broader outcomes, such
as improvements in clinical treatment and
development of new therapeutic products. In

addition, the study examined research oppor-
wunities and also research areas requiring an
inpl.tt of resources. ﬂpiuiun wis .linught on
barriers perceived to be limiting the translation

ﬂ-!. ]'L'!il'.'l“:l'l I'L'.‘illlt!\- iI'IH] I'll.h_'l‘ZiL'L', ..!I]I.I CHIN IR~

sures 1o rackle these obstacles.

MAIN STAGES OF THE STUDY
The study comprised five analytical stages.

B A survey of international funding for
malaria research over the past decade.

B An analysis of malaria publications and
citations, over the same tme period, w0
identify relative outpurts and scientific impact
by different countries and ﬁli'ﬂ]iﬂg badies.

B An assessment of publishing activity in the
subficlds of malaria research o elucidate

tl'lﬂ..' I'lll].'l:l'l.l'.'t..‘ HE.L'H'-“IT EH.'[“"L'\'L'H SI]lﬁj’;EldS.

B A qualiative assessment of the p{}rtﬁ:uli:} of
publications arising, from research supported
h}r [hf." wﬂ“l’.ﬂ:]mf: I.Il.rl.lf‘i" o i.{lﬂ!lli.l} "I“.'
achievements as well as the balance of the
Trust's portfolio of malaria research outpu.

B An opinion survey of the malaria com-
munity — involving researchers as well as
funders and users of research — on the
main issues of research, the translation of
rescarch results into practice and  key

future opportunitics.

MaLARLA RESEARCH: AN ALDHT OF INTERMATIONAL ACTIVITY



MAIN FINDINGS

Funding

Total identifiable Elt}hu| mcp:nditun: on
malaria research in 1993 was approximarely
US$84 million. Over half the total came from
the USA (especially the US Agency for
International Development, USAID, and the
National Institure of Allergy and Infectious
Diseases, MNIAID), Much of the remainder
came from Europe (notably the Wellcome
Trust and the Medical Research Council,

MRC, in the UK), or from the Programme in
Research and Training in Tropical Discases
{(TDR) which is cosponsored by the United
MNations l]cw:lupm;:nt |"n1ngr:|m me, the World
Bank and the World Health Organization
(WHOY), as well as several governments, espe-
cially in Scandinavia.

Funding has declined in some organizations
aver the past decade, most notably in USAID.
However, there have been increases elsewhere,
L':iptn::i:l”}' at [|:“.' wl.'“ﬂ.'{ﬂ“f '[‘rllﬁt. MIAII) H.I]{I
the US Department of Defense (Dol
Support went mainly to researchers in Europe
and the USA, The :.-xr;::ptinl:l:. were to be found
in the funding initatives of the TDR pro-
gramme, the Wellcome Trust, the UK MRC,
the European Union (EU) and USAID, which
encouraged  international  cooperation.
Notable among these were the overseas units
supported in malaria-endemic countries by the

Wellcome Trust and the UK MRC.

The overall conclusion to be drawn is that global
investment in research is very low compared
with other disease areas over the past 10 years,
and appears to be declining further. Expressed as
investment in research per death, malaria
research (at approximately US$42 per fatal case)
receives markedly less funding than other dis-
eases such as cancer, HIV/AIDS or asthma.

Research outputs
publishing largely

reflected the pattern of ﬁlnding and was very

International activity

low compared with other biomedical fields.

MavLaria RESEARCH: AN ALUDHT OF INTERMATIORAL ACTITY
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The USA 15 currently the largest single con-
tributor to the malaria research liverature (34
per cent of the global total in 1994), but its
\"u"l'“l{l :il'l.il!'ﬂ.' 1!" Pl.l.l:]] i.l.'.iti{:l]l:i I'I;Ih I'H.'I.']'I. {il“l.'li "il:l!li‘|
over the past 10 years (from 42 per cent in
1984). Meanwhile, the trend from the UK is
up, from 14 per cent of the world total in 1984
to I8 per cent in 1994, The world share of
malaria publications from France, Australia

iI]'II'j TI'IiIIIIiII'I.{! ﬂlliIZ} i!lLl’l:'i.iM."[I.

UK centres for collaborative research locared
in malaria-endemic countries appeared to fos-
ter international coauthorship. A toral of 38
per cent of UK output was internationally
coauthored and Lugt,']}' reflected the work at
the overseas units of the Wellcome Trust and
UK MRC.

Citations to papers supported by the six fund-
ing bodies contributing most o malaria
research were more numerous than citanons w
papers supported by other organizations. In
19849, the most recent year for which citanon
analysis was conducred, NIAID and the UK
MRC appeared to have the greaest citation
imp:iq;l;. For five nrg..1|1i3r..itim1.l;, the pnuluutinn
of high-citation-impact papers remained more
or less stable over time. These were the NIAID,
the US DD, TDR. the Wellcome Trust and
the UK MRC. For one funding body

:U";J"III)'. I:h:.'rr.' Was dn dFll'lill".'[I[ l.IL'l.'.IrIL' III'I. Zi[:'p

proportion of high-impact papers over time,

Activity in different subfields of
malaria research

The field of malaria research was divided into
14 :il.l.l'.'ﬂf.'lllﬁ-. H.I'H'j FL'HL'HJC"I ITlI]'ﬁIiﬁJti.(Jrlﬁ- weoere
assigned 1o each of these, ‘Clinical’ research
papers accounted for 42 per cent of the world
t[]tﬂ.l. dﬂ.".\i’l.'ri.hi.l'lg !'i".l.[j.ltﬁ- {?I'-I'I.'Iﬂ.l.ilrll.! i.l'l. I'II.'III'I.;II'I:‘!-
ranging from clinical management and patho-
physiology to human immune response and
genetic susceptibility. “Non-clinical’ papers
accounted for 58 per cent of the world roral,
describing studies of malaria in animal models
ar e ritre and basic studies on m{m'uim

VECTOTS,



EXECUTIVE SUMMARY

International research activiry, as measured by
puh]iua:iun OLULpuL in three selected VLTS, Wils
evenly distributed across most categories of
n]i!l-'l.liil TL'HI'_'-'l.lCh. ].Jlll.j]ItI'_'ﬂ.li"":i WETE st
numerous in two major rescarch categories:
{“ 1_'Ii|'|.“.':ll Ineatment -'Ll'll'_i I'l:".l“ll?h}'ﬁ-if}l[]g}',
and (ii) basic science studies of the parasice.
Itl."hf-'ll(.'l:! il'll["' .tl1lirl'|:l|.'lli:li llrl.:lgs., :i[l'l.l“l.l"ul-
ogy, cpidemiology and mosquito vectors were
also well  represented by publications.
Intervention trials and health services research

appeared to have less publishing activiry.

Based on the address of the first author only,
the USA dominated all subfields excepring
those relating to clinical medicine and patho-
physiology. UK authors published most
frequently in pathophysiology and disease
symptroms, whereas Thailand was the world

Lill I'I'Iﬂl]-'lgl'.'l'l'li."i'll ll'l J'I]-'Ilu'lliil -'I.I'I.I'j
drug rrials. High coauthorship  between
resca r1.'|1.n.'r.\ II!'I II'I.L' I..I I:{. ;I!'Hi -]_hn.lllln.“]ll h-llggl'.':\-tl"fj
that the UK also had an important role in thar

arca.

IL';“.I.I'.' r IIIZI (=

The Wellcome Trust portfolio of
malaria research

[JJ]"J s i“.'li““\\']i."dgi“g [I'li.'.' "':.:-Fi.'“fﬂmi: ;]}Llﬁt
were sent out for review by 13 subfield experts.
The portfolio of papers included publications
in 11 subfields, two of which were especially
well represented: pathophysiology and clinical
disease symptoms, as well as clinical trearment
and management of malaria. Basic studies of
the parasite were also well represented.

Outpurs in different subfields largely reflecred
funding inpurs. However, publications were
low relative 1o expenditure in three subfields:
immunology and vaccine development, epi-
demiology, and intervention trials and health
services research, Conversely, outputs were
high relative w inputs for studies on both the
biology and the biochemistry of the parasite.

The Wellcome Trust’s research ourputs were
l'.'"l'l.:iidl.'ll'll h:l.' ll"i'i‘L"'-"i'L']'."i o I'I'IJLLI’.' <l I'.'i"'llrit}l.l-

tion both to advancing basic knowledge, and

to improving malaria treatment and control.
Realization of pracuical benefits from Trust-
funded research was largely expected by the
reviewers within five years ufpl.lhﬁiq;;:[inn.

Current F-I'aﬂl-:l! and future
directions of malaria research

The views of over 200 members of the malania
community were sought on issues concerning
current pr:n_'li:.'i: and future directions in
malaria research. A wotal of 115 individuals
]'t.'.'ii!ul'lllt.'d.l to the survey, iru.h:diug researchers,
clinicians, health services managers and practi-
toners, industrialists and adminiserators i
both  malaria-endemic and  non-endemic
COUNERes.

Of the 14 subfields analysed, parasite genetics
and parasite biology were identified most fre-
l!l.l.L"l'“.I}' A% |'|:I'|."irlg Yery Ell[“.l Prﬂ'hf“ﬂ.'lﬁ I‘l?r

advancing know

edge over the nexe five years.

The subfield concerning intervention trials
-’l.l]'lj I'“..'-'l.lti'l M,.'n-‘iq.‘i:.li | s I"l:i'l. Wals L'{]nhi.{]l.'lﬂd [ {a]
be most under-resourced, consistent with the
]{!lw E}'l.lhli','.'“i(“l I:}l.lti_“.l.l il.lﬂnt:iﬁl.;.'[i in that .'\'th—
field. Increased resources were also considered
necessary for research on: basic studies of the
parasite, epidemiology, immunology and vac-

cine development, and anomalarial drug
development. Investment was recommended

in these subfields and in human capical.

However, research  is  characrenized by
uncertainty, and respondents anticipated that
the probable sequencing of the malaria
genome within the next five years may lead 1o
new challenges and opportunities hitherto
unidentified.

More than two-thirds of respondents indi-
cated experience in projects where research
results were developed o improve the treat-
ment or control of malaria. However, halt of
all the respondents also indicated thar they
knew of rescarch results thar might have
influenced malaria treatment or control but
were not developed or utilized.

MaLaria RESEARCH: AN AUDIT OF INTERMATIONAL ACTITY



Respondents further identified a number of
key obstacles to the uptake of research resulis
tor pracical application in malaria treatment
and control, These obstacles included: insuf-
ficient orientation of research programmes w
|:|-||l':]'|:.' needs in malaria-endemic countries;
inadequare standardization of field tech-
niques; inadequate assessment of research
resu lt!\- -'I:I'I.I'j ‘dL"'."L'Iﬂ.'lE] ment lll. il'l.!l'ﬁl:ii_':lfllﬂll_‘.; -'ll'l'l'j
resource  limitations  in - malana-endemic
COUREEES,

Several possibilities emerged from the survey
for overcoming the perceived barriers o
lf_'ﬂ-l.';lﬂ'll upt.'tlu.'. (.}E“.' i.ipl'l“}ill_'h '\"r'li}l.l]ll |:]L' [(4]
strengthen existing mechanisms for evaluating
rescarch resulis for their potential uprake in
FﬂlFlil]'lll'l'H.'.‘i lil'.]'llﬂ.iilriil freatment ;ll'll'.{ 'L'"l]tﬂ.?l.
This might involve establishing a centre 10
prepare, mainain and disseminate systematic
l‘f."'u".“."“'ﬂ 1": !hL' I'I'.'.'rl.llt.‘i {ili- Ill.llilrid ﬂ.'.‘iﬂ-'l.".']'l.
Relaved to this was the perceived need for a
mechanism to develop new products from the
ﬂ.'!'il.l.i".‘i {?I”R‘.ﬂ.’ﬂrﬂh Eh'ﬂ.t '“"{:lll[l:i I..:ﬂlltrlll'l'l.“ﬂ ({8 [h{‘
rearment and control of malaria. The survey
also indicated a need for improving active
communication between protessional groups
with an interest in malaria (both researchers
and non-researchers), and tor creating more
training opportunities for researchers based in
malaria-endemic countries.,

The challenge

This study has demonstrated the porential thar
mualaria research has to make a significant con-
triburion 1o the rrearment and conrol of one of
the world's most threatening diseases. Given
thas, thie low level ulllllmd:in[_: g!{alm”}' 15 5tn'k'mg_

This report points to some of the areas of
EH:J'[L'H'. |'H:'L'Li ;lnd (?I]Fllltll]'ﬂ.t}' ﬂlf rl]l,.' I’i.l'.'!(l:
scientific subfields with promise are high-
lighted, as are opportunities for improving the
"'I;lnﬂg‘.'nli_'lll ;IT“.{ []fgﬂ.l] III:“']‘{“I []Fthﬂ resca I'ch
enterprise. However, the challenge is too grea
tor any one funding body. In reaching to meet
the various needs and seize the opportunities

identified in this repor, there is a clear need
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for an international, collaborative approach,
involving all of the main national and interna-
tonal organizations with an interest i
malaria. The challenge is clear, and this study
calls for a coordinated response from the inter-
national malaria communiey.

LESSONS FOR FUTURE STUDIES

The study has described a number of both
quantitative and qualitative methods used
] ITllldllI'_'L' <0 L"I.'Illl‘.'l'll'_".'-l'lﬁhl'd rL'I‘UL'l (nd] l]“.'
status and  future options  in malaria
research. In order o guide similar studies
“":ll“.'l'l |'||i.g]'|t |:]L' L"H'“.Il.“.t‘."l'j I|r| |:I:|ILI FLII:H".'.. ol

number of general points should be made

concerning the approach and techniques

used in this study.

Assessing funding inputs

Direct contact with funding agencies pro-
vided derailed information on funding and
permitted confirmation of the data once they
I'I-'I.d h[.:l.'l'l -'I.I'Iil]}"ﬁl..'ﬂ.{. |'|uw-:1.r1.‘r. iI'IIIZ't- ﬂ.i}PrﬂﬂfIT
was time-consuming and limited by the
extent of the response. An analysis of funding
acknowledgements in publications rapidly
and comprehensively identified the larger
contributors to malaria research, as well as the
smaller contributors, bur did not provide dara
on the amount of support from each organi-
ZALION.

Analysing publications outputs

The limitations of commercially available
darabases — such as the Science Citation Index
and Medline — suggest thar the choice of one
(Iﬂ.filhilﬁ{.‘ or 'I'I‘I’.,'. lTEI]L'r, or I‘l'“,lﬂﬂ.'tl tl:“.' (IR "I:
both darabases, must be carefully considered
according to the aim of a particular analysis.
Furthermore, the effects n’r'u:«»lng a small num-
ber of publications in an analysis, such as for
the citation analysis of particular funding
badies, should be ru_'ngnizul.

Defining subfields
The development of a classification system for

dividing the field of malaria into a number of
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!\llhrll"ld!i idl"["lli.ifd diﬁ“:ﬂ.‘“cl‘ﬁ
berween subficlds. It is important w recognize
the subjective nature associated with the defin-
itions of the subfields, although every effort

wias made o use precise definitions and to

usefully

minimize subjectivity.

Conducting an expert review of
publications

The use of an expert review of published
papers provided a retrospective analysis of the
achievements of research and the identification
(}E‘lll'ﬁl‘ﬂrllll'lll!l“.'!i LIFIIEIIHE E‘I.'[}[I'l. thd[ rﬂ:’iﬂﬂ.lﬁ:h. It
provided a complementary approach to
[.'i.tﬂ.":i{]fl .'I]'Iﬂ.l'_ﬁ'?ﬁll?i illl{l ;I;lﬂ}“’cd I'-I:}I' o []ﬂtﬁilﬂ{l
qualitarive assessment of the publications in a
field. The use of subfield experts allowed tor
an informed assessment. However, in this

particular case, the small number of both
publications and experes per subfield, limited
l’}}' the size of the purtl::‘:!iu itself, suggest that
caution is required in the interpretation of
the findings.

Conducting a community-wide survey
A key feature of the communirty survey was its
breadth across professional groups and geo-
graphical boundaries. Ideally, such surveys
should aim to sample opinion from researchers
as well as the users of research results, and from
I'IIIE}E&L'S:‘“II."'I.;I]S tJﬂ.‘il’.'d. il'l ]l]ﬂlariﬂ.-t]ldﬁmiﬁ d% “'ll.'lt
as those in non-endemic countries. This
IT“H.:I::\'H L ] F‘]T:l'lu"lld.ﬂ a0 nppurt I.II'I]IE'}" I'-{:II.' ﬂll
groups to express their opinions and raise
mutual awareness of broader issues of policy as
well as of research.

MavLaria RESEARCH: AM AUDIT OF INTERMATIONAL SCTITY



1.1 BACKGROUND TOTHE
MALARIA 5TUDY

This report presents the results of an interna-
tional study of past activity and future options
il] I]'I;il;lri.il J'L'f'il'ﬂ.ll']'l. TI'I.E' Ilr!‘gi"h F}E. [l'li!i “"{]Tk
lay in a study commissioned by the Wellcome
Trust, to help inform its policy decisions on
the most effective means of supporting this
field of research in the future. During the
course of the study, it became clear thar the
large quanuty of onginal data and information
being collecred might also be of some value 1o
individuals and other organizations which
ﬁ“'l{l. I'I'Ii.iﬂﬂgi,.' or {'[]nl.ll.l.l:t mﬂ.lﬂfiﬂ ll'.:&l.'i’lfl..'ll.
The key findings of the study are therefore
being published to provide a factual base of
evidence to inform individual investigarors
and o support organizations developing

future pu|'|-;:i4::i for malaria research.

There have been previous reviews of malaria
research and control, The most significant
recent attempt to review this field and gather
hard data was undertaken by the Institute of
Medicine in the USA (Oaks eral, 1991). The
aim of that study was primarily to make rec-
ommendations to the US gOVErnment, and it
therefore focused mainly on gathering dara
from US funding organizations. Valuable qual-
itative informarion was produced concerning
the status of malaria research and control
waorldwide, as well as itl::ntif:.':iug the decline in
support by the US government over the period
from 1987 to the report’s publication in 1991.

Anather recent :itudg.." by.r an ad hoc commuttee
convened by the World Health Organization
(WHO, 1996) has a broader focus on tropical
l{iﬂi’l.';l:“,.'.‘i. JII\.I'",.' r‘:F“ft on thﬂt Htlld.}r “'\'ii:w.':
investment requirements to tackle global
health problems, and provides a valuable con-
text for more focused studies on single rropical
diseases such as malaria.

While the Institute of Medicine study success-
fully achieved its objectives, it did not attempt
to produce data on malaria funding in other
countries, and acknowledged the substantial
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difficulties nf--u;lning so, However, the availabil -
ity of such dara is crucial when developing a
balanced international strategy for research
ﬁ.tnding, and one of the E{:ah of the present
study was to awempt a survey of malaria

resca l'-EI'I E:Llill'j IIlli_.[ i.I'I H."rrl.][i.[]]'li]] |.'I.r

An additional need, not covered by previous
fd."l'ii.'“".\., i.'li F(}r d.i“'il an thl'_' {:Ill[F."l.l."H E.I'"I'I'I !Il:ll.lri;i
research; funding data, of course, only repre-
sent an input to the research system. Finally,
F.‘I'{."'r'i"”.lﬁ- n."'-'i{."'l\'ﬁ I'.I..'l.\"c not :trn.‘n'll'm.'d 0 CAMVISS
opinion systematically from a wide base of
professionals with an interest in malaria
rescarch (both researchers and those who use
the results of research). Again, the information
!:.',L'[“.'L';Itﬂlt 1'!}" 58 ]ﬂ.lgl’."h-ﬂ.'illﬂ.'. h}'htﬂ.’["iltil.' [aLE] PR l"il'
tion of the malaria community can be impor-
tant when developing policies.

1.2 SCOPE OF THE MALARIA STUDY

This study encompassed the full spectrum of
malaria research from basic science through
clinical swudies, epidemiological studies of
malaria prevalence, field trials, operational
research and smudies of the delivery of malaria
treatment and control measures by health ser-
vices and other organizations.

Specifically, the study included the following:

B A survey of financial support for malaria
research internationally.

B An analysis of malaria publications and
citations to assess the relative outpurs from

different countries and funding bodies.

B A scenubic subheld .,anal!.rs:i:\ of papers
published in 1984, 1989 and 1994, with
the aim of determining the balance of
effort beoween different areas of research
within the ficld.
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B A qualitative assessment of the scope and
achievements of papers acknowledging
the support of the Wellcome Trust with
the aim of identifying the strengths and
weaknesses of the Trust's porttolio, within
the context of the international malaria
ll:_'ﬁl;'.l.ﬁ:h l.'.‘ﬂ-“fl'.

H An opinion survey of a diverse Lroup of
mialaria researchers and users of the resules

of malana research. The aim of the survey
was to identify communication networks,
mechanisms of dissemination of research
results, barriers o the upake of results,
measures to strengthen the held, means of
effectively transferring  research  results
into practice, and key research topics and
opportunities for the future.

The study was carried out over a period of 12
months and drew on a varicry of data sources,
I."‘Hh]ihl“.’d ill'lﬁl ll[l'l.llll]".lll:l'li."d. -'H‘I.d. o T-:ll'tg!! {]J“
expert opinion, The work was carried our by
the Welleame Trust’s Unit for Policy Research
in Science and Medicine in collaboration with
staff from the Trust's Tropical Medicine
Science Division, and overseen by a Steering
Committee. The overall aim was to present a
data-driven analysis of the field of malaria
research to inform debare on future priorities.
It is being published here in order to con-
tribute to broader debate on priorities foer

malaria research.

1.3 PUBLIC HEALTH SIGNIFICANCE
OF MALARIA

The gln-l:l.il nigl'liliv;‘.‘tl'u.‘t: of malaria, in terms of
both health and economics, is described prin-
Li.lfh't"}' in several WHO documents (WHO,
1993; 1995a, b, ¢, d).

Malaria is a major killer which threatens 2400
million pm:plc, ar abour 40 per cent of the
world's population. It is responsible for
300500 million chinical cases and berween

1.5 and 2.7 million deaths per year. Even these

large numbers are, however, likely to be under-
i:h-!i.l'l:l-'lll’.'h h’l"l.'.!l.l?i'l.‘ 11" II'I.I'.' Pﬂ?httn'l."i ﬂ."iﬂ":j:“ﬂll

with recognizing and reporting the condition.

The discase has its major impact in sub-
Saharan Africa where over 90 per cent of the
worldwide cases are reported. Approximarely
10 per cent of hospital admissions and 20-30
per cent of outpatient consultations in Africa
are due to malaria. Asia and the Americas are
thought to have some 5-20 million cases per
vear. Most of these, about 80 per cent, occur
im Asia. The most serious areas of nisk for
contracting malaria in Asia and in Central and
South America are at the frontiers of economic
development, such as in the Amazon basin
where colonization and mining have greatly
affected the environment, and in regions
of social disruprion, such as war zones in

Afghanistan and Cambaodia.

The incidence of malaria is on the increase.
There i1s growing resistance o current anti-
malarial drugs in many areas, including
multidrug resistance in several countries of
Southeast Asia and Africa. Increasing insecticide
resistance is also a major threar, as are changing
agricultural pracrices, especially irrigation pro-

grammes in many malaria-endemic countries.

C
where the discase is one of the major child-
hood killers and responsible for the death of
one in 20 children before the age of five vears.

vildren are particularly ac risk in rural Africa

It is also the most common disease among
school children and voung adults in Africa
where it tends o strike ar harvest time, affect-
il'l‘_E‘ I'I[{:I!_‘tl]d.:ti\"it:f'. T]'".! {!i.‘it.'a:\vl..' LalIS0S ill'lil{.'l.'l'lllﬂ iJ'I
children and pregnant women, and increases

their vulnerabilioy o other diseases.

MaLaria RESEARCH: AN AUDIT OF INTERMATICNAL ACTIVITY



1.4 ECONOMIC SIGNIFICANCE OF
MALARIA

In 1987 the estimated annual direct and indi-
rect cost of malaria in Africa was USS800 mil-
lion, and this figure was expected o rise to
more than USS1800 million h}' 1995, The
worldwide cost associated with malaria s
undoubrtedly higher, however, possibly reach-
ing LISS2000 mullion i 1995 I:.i.x.l;uml'ug thar
Africa has 90 per cent of the worldwide malaria

Cases).

For the control of the disease alone, the WHO
Action Plan for Malaria Conrrol, 1995=2000
(WHO, 1995¢) has estimated that approxi-
mately US$28 million per annum of external
investment in malaria contral will be needed
in Africa. Ouiside Africa, malana control
programmes cost an estimated US$175-350
million a vear.

1.5 THE DISEASE

Excellent reviews of the discase and its history
are provided by Bruce-Chwart (1983), Ouaks
et al, (1991), and the WHO (1993). An out-
line of certain biclogical and historical aspects
of the disease is gi'ﬂ:u here, bur readers
are referred ro the above texs for further infor-
manion,

Malaria is a discase caused by four species of
protozoan parasites of the genus Plaomodinom:
P _,I"..:r.l"n'l.!nfnmf, P vivax. P ovaleand P malariee,
Plasmodiwm falciparnm is responsible for the
most severe manifestations of the disease. The
Pi.lraﬁlltl' marures ;.Il'ld. l‘l.'[]]‘l H'J'I.II'_'E:\ ﬁﬂxu-'t“}' il] 'I'H.'
mosquite  Awepheles, and s transmined
through that vector to humans.

Transmission occurs through the female mos-
quito, which requires a blood meal for the
development of her eggs. The parasite sporo-
zoites, which enter the human blood with the
saliva of the biting mosquiro, invade the liver
cells where they develop and mulriply.

MaLaris RESEARCH: An AUDIT OF INTERMATIOMNAL ACTIVITY
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Merozroites, released into the blood from the
liver, invade the red blood cells and initiare the
cycle of development and multiplication that
brings about the clinical symptoms of the

discase,

r"r'iil]-'ll:i-'l. 13 hﬂ.'ﬂ-t thi]l!g]“ I:TI:.;’L‘: | L'u“‘.'LE"l'l"'l'.' TEEImE
for different diseases, since the epidemiology
of malaria transmission and the severity of the
lhIM.';l:“.' vary Hr‘.'-'lll}" ’-r"“!'l. ]'L'l;i.{:l]'l e rl'gjl“'l, ‘-'i]-
lage to village, and even from person to person
within a village. Some of these differences will
I'll_' dl.“.' (€1] lI]l.' E}ﬂ.lt:il.'lililr .'tF“.'lLi.l'.'h ‘IE. tJ'“.' p:lr.‘L:iit:.'.
the degree of compliance with a drug regimen,
local parterns of drug resistance, and an indi-

\'ilh.l.ill 5 HMImmn H‘:'.".

1.6 HISTORY OF RESEARCH AND OF
MEASURES AIMED AT CONTROL
AND TREATMENT OF THE
DISEASE

In the fifth century BC, Hippocrates discarded
superstition as a cause tor the fevers which
afflicted ancient Greeks. He recognized the
seasonality of the fevers, and described the
=;1r|],' climical manitestations and com p]if:l[inm:

of malaria.

However, it was not untl the seventeenth
century thar a breakthrough occurred in the
treatment [}F t]'“: [":llﬂ.l:i-'tl 'F::‘.'L'rh. TI'H.' |1-:trl-'. {:Ij'-
the Peruvian tree, Cinclrona, was discovered as
the first therapy for the disease. The active
Pri.llu:ip]l.' UE. tl.'".' I}-'l.l]"'u ‘.'l“i.l'l.lnl', Wils l:ltt.'!'
isolated. The devastating effects of malaria
during the First World War stimulared
I.'L'HL"-"IJC.I'I Fnr i_\'!ltl'“.'[lli.' -'Il'l.ll-l'l'lillﬂ.”l-'tl l.lrllg!..,
which were first discovered in the 1920s
(pamaquine) and 19305 (chloroquine).

Also at this time, a major discovery in the con-
trol of malaria, through the use of a nawral
il'l.‘il‘.'ﬂ!llﬂ:i'l'jl.'.. {"ﬁ!;ll]ll‘ﬂhfl’j [I]l.' cormerstone {F!‘
malaria contral, Pyrethrum, an extract of the
chrysanthemum, was mixed with kerosene and

."c-EJFiI}"Ed o tl'IlL' “’.1."!- {Jj_ I'I.IZJLIMIH. -5L"|."1.'l..1.|.
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synthetic  alternatives  (dichloro-diphenyl-
trichloroethane or DDT, and dieldrin} were
discovered in the 19405 and became the stan-

dards tor control programmes worldwide.

Serious attempts to eradicare malaria began in
the mid- 19405, and following the Second World
War there was a high level of international coop-
eration devoted to eradicating malaria from
endemic  regions.  The  United Nations
Rehabilitation and Reliet Administration, an
international emergency organization formed in
1943, was very active in malaria control mea-
sures. The first Expert Committee on Malaria,
established by the Interim Commission of the
World Health Organization, met in 1947, and
the World Health Organization was officially

formed in 1948,

TI'"." I'II{JEI.IEI'I:IFI'II: wis ta r!i"l'tf.'{{ 4] [I'“." ﬂfﬂ.{ll‘cﬂ.!il“]
of the mosquito vectors, thus preventing trans-
mission of the parasite. The nsecticide DDT
emerged as the most effective intervention tacric,
.Iltll{!l]gll .\I]I]-S;ll'lﬂ:li]]] Arl'lll:;l Wals i..'h:l:ll_l.{l‘.‘ﬂi rm“]
the eradication programme because it was felt
that its malaria problem was too large, and that
this region lacked the technological capability.
Fraom the beginning it was realized thar insecti-
cide resistance would be a problem, and there
was the fear thar the mosquitoes would develop
resistance before the disease could be wiped out.

Although the eradication programme pro-
duced some dramartic results in many parts of
the world, it became clear by the mid-1960s
that eradication was not technically or eco-
nomically feasible in many other regions. In
1969 the World Health Assembly revised its
!;Iflhﬂ.l Il'l.;l]:tri.'l l..'lﬂi.lit.:iltiﬂﬂ "i"!'-'l.l"l..‘g'_'lr.. ﬂ."(l it'ﬁ THETWY
approach encouraged control where eradica-
tion was not feasible. This emphasis on control
required a long-term commitment of person-
I'If."l ..'H'I[.i I‘Huim;i:ﬂl TCROLINCCS ﬂl](l ﬂl.!i“ LCRConr-
aged malaria control strategies o be integrated
into the basic health services programmes of
individual countries. The change in policy did
not, however, increase funding for malaria
control. Monetheless, there was a dramaric

increase in research into new antimalarial
drugs by the US Armed Forces, which, ac war
in Vietnam, had encountered the major prob-
lem l'll-l:,.'h]{:ll'l'ul'l,liI.'ll:,'-rt,'i-l!-:l‘..l it J’?Jlfr.ﬁ':;ﬂ.rrrmu,

In recent times, there has been considerable
pressure to restrict the use of DDT on envi-
ronmental/healeh/conservation gmumls. This
has also had an adverse effect on malaria con-
trol efforts. In addition, drug resistance for the
prevention and treatment of malaria  has
become increasingly prevalent, with multidrug
resistance a major problem in many endemic
AT S H‘Fii'".' 'n.-.ﬂfl ;.ll“.l NI’."'-"!-' ‘:.I!'r‘?rlll.

ized in the late 19805 that the
malaria situation in most parts of the world

[t Wik IeCy

Wk FiL"tI'.' rllt}l.':ltllllg. |;|Tgl'|.}" 1“.";.'-'1.']5&' {]:l'- lt.:]:l:l:.'l:lil L1}
of conwrol measures and increased drug
resistance. As a result, a WHO Ministerial
Conference was held in Amsterdam in 1992,
'u"f'ith "I'l.l.' !}:trtlll:i.l'h'"'iﬂ“ {!F ““Inllh'tl..'rﬁ- ﬂlE- I“.:ﬂl.'l'l
and other health workers from 102 countries,
as well as representanves of the UN. other
intergovernmental organizations and the sci-
entific community. The outcome of the con-
ference was support for a global malaria
control strategy (WHO, 1993),

It is increasingly recognized thar malaria rear-
ment and control are issues which may have
practical implications beyond the current geo-
graphical delineation af the disease, Increasing
global temperatures have a potential impact on
the prevalence and incidence of tropical dis-
eases such as malaria (Kerr, 1995), Withour
adequate control of the disease in the Future, it
can be anricipated thar malaria will spread

I'll!.'}'l:}!l(l IH‘h- current gq:ugra.phir.‘al IHJIII'IIiiiITIIL'H.

rI‘I'I.I..' !.ﬂflﬂﬂﬂ'l.'d I'I‘I.'{]]'I]III'I.L']'I[.:{' .'tl'l'fj tl]lslr”::llll:iun {J:r
malaria, as well as its current prevalence, indi-
Cates a I'“.'i..'d LA} t.ﬂ:l‘:ﬂ: H'I'H..'I': "I'. rI'H: current III'“'I:F-
national effort in malaria research. The present
study will, hopefully, contribute both by pro-
viding hard data and clear evidence of past
[I.'i:l'ld.‘u.. i'll'l{l ]3}" nﬂ'-t.'r'mg IIHZ\IIE_';_I'“ [ (4] !.I.I‘t'l.ll".r I!L'L"ii!i

and opporwnities in this field of research.

MaLaria RESEARCH: AM AUDIT OF INTERBATIONAL ACTITY



FUNDING INPUTS TO RESEARCH

This chapter presents the results of a survey of national and

international funding support for malaria research. The survey

aimed to identify the main sources of funding for research into the

disease and to analyse trends over the past |10 years, drawing on

original data provided by research funding organizations around

the world.

For the purposes of this study, malaria research included the l'nllawing:

all research ranging from fundamental cellular and molecular studies

to applied clinical, epidemiological and operational research studies

(relating to the implementation of malaria treatment and control

methods), and research on mosquito vectors of malaria.

2.1 METHODS

Ower the 10 year period covered in the study,
there have been significant differences in the
relative rates of rescarch cost inflation and liv-
ing cost inflation. The much higher rate of
rescarch cost inflation has meant thar the
decrease in research purchasing power has been
much faster than thar for gi;m:'n;] commaodities.
This has meant thar less rescarch can be pur-
chased now than before, relative not oniy to
absolute money but also to other commodities.
In whar follows, an attempt has therefore been
made 1o take account of these effects when
:imwing ::nmp.'lrisinn.'.' berween ﬁ.mdin[; b ies
in different counnries.

Fllndil]g {:rg:mi'.r.miuns were identified thnmgh
literature searches and scientific amachés in
London-based embassies. Each organization was
Cunt;ll'.'tﬂfj Fﬂr i“rﬂfl'rh'lli.ﬂ" (8]} itﬁ ﬂwr‘ﬂ” fmﬂ.ﬂ:h
expenditure and on malaria research expenditure

for the 10-year period 1984/85-1993/94.

MALARIA RESEARCH: AN AUDIT OF INTERNATIONAL ACTIVITY

Organizations were asked to search their grant
records (ritles or abstraces) for awards relating
€8] I'I.'Iﬂ.ii.l fiﬂ or I'I.'“T!iqtl i.l o veciors "I'. ﬂ'lil]-'tri;l. .1|'.|(|.
where possible, to provide a list of all grants
identified. Lists of grants, where provided,
were analysed by the audit team to ensure
consistency of analysis. However, in some
cases, organizations provided data in a pre-
|J-rt:|q:t,'.*.'!i¢-|:| torm. All ﬂlm{ing bodies that con-
tribured data were given an opportunity to
check the accuracy of their coverage in the
report, and most did so.

The following points should be noted:

B Although every effort was made o obrain
comparable dara, it cannot be assumed thar
all funding organizations classify their
grants in the same way. Many organizations
de not have computerized record systems
and even within organizations, changes in
classification systems may have occurred
over the time period studied.
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B The specific period covered in any

financial year may wvary  between
organizations, For example, whereas the
financial year for one funding body may
run from 1 Januwary to 31 December,
another agency may use the period from
1 Cerober to 31 September.

B The approach to classifying the allocated
funds over time also varies berween organ-
.II.Jti.[}nﬁ.. |"n-r 'i.'xﬂl'l'll'll.[.'. iil'll'“,l.il] I;':ﬁ.lh'l'l.dllrll.l['
may be given as either the amount spent or

II'III." amount .'L“’.'led..‘d in ANV one }’1.'.]!'.

. .'J\]'I[.:Tﬂ." may J]M? hl'." Gdnn [.:Ilf."l'r“.'r.lt 11}- d{“]bll."
counting.! For example, some organizations
allocate Funds to the UNMDP™Morld Bank/
WHO Special Programme for Research
and 'I}Jil1i11g m Trupir.‘a.! [Diseases (TTR)
and as a consequence such funding may
appear in both the TDR data and the
funding agency in question. This was
taken into account where possible.

B Mostof the funding identified is extramural
support.” Intramural support for malaria

research is generally not included, but may

be sig ificant in countries where research is
mostly funded through ministries of health

and block gr.'tnr:i* o INSEINEes.

To allow for inflation all data were adjusted
using the appropriate Price Index® to express
spending in 1992 figures, Data were then con-
verted 1o US dollars (3) using Purchasing
Power Parities.” The conversion factors were
supplied by the Organisation for Economic
Cooperation and Development (OECDY) and
were the most up-to-dare figures available in
January 1995,

2.2 RESULTS

All data presented are in 1992 US dollars and
uxprm:\ml in financial years {FYs). For the pur-
poses of this report, FY 1993 has been identi-
ﬁ‘.’l! =L lI'I.;Il '“-'I'I.lll'l'l i.h lllll?ll’ll I'I_'-' l.";“.h

organization in one of the following four

manners: FY93; 1993; 1992/93 when 1993
forms the greater portion of the year (e.g.
Ocrober 1992-Seprember 1993); or 1993/94
when 1993 forms the greater portion of the
yvear (e.g. April 1993-March 1994). Data for
ll'l.'.' :‘ij:‘[ I-:I.I'gl'."\[ li.l?l'l.lril::"l.lt'i}l.':'i T m.‘tlaria H,.'Hﬂﬂﬂ:l'l...
based on 1993 expenditure, are presented firse.
These are followed by data for the medium-
sized and smaller contriburars (see Table 2.1).

1.2.1 Larger contributors

US Agency for International Development®:
515.1 million in FY 1993

The US Agency for International Develop-
ment (USAID) is the foreign assistance arm of
the US government and provides more finan-
cial support to malaria research activities than
any other US agency. Berween financial years
1985 and 1993, USAID's budger for health,
child survival and AIDS activites increased
from $450 million to 5564 million, bur then
decreased in FY 1994 to 5549 mullion. The woral
annual sum allocated o malana research and
field prograrmmes decreased from 549 million to
$15 million over the period FY 1985 and
1993, and o 59.7 million in 1994 (see ngn:
2.1}. As a proportion of USAID's toral expen-
diture on health, this lt,‘P]‘l,'!-:t,'l'ltL"d a decline
from 11 1o 3 per cent, and finally o 1.8 per
cent in FY 1994,

|"igun,' 2.2 shows how USAID I'-I,Inf,{ing feyr
malaria is divided berween bilateral projects and
central projects of which the Malaria Vaccine
Development (MYD) project is a major com-
ponent, In the USAID context, bilareral
projects target malaria control and are country-

based projects managed by USAID Missions in
the field. Central projects are managed by
USAID/Washington, The most marked change
over the period FY 1985-1994 has been a sub-
stantial decline in support for bilateral projects:
between FY 1985 and 1991, almost two-thirds
(63 per cent) of USAID malaria funds went to
support bilateral projects, but by FY 1994 this
had declined w0 25 per cent. Funding for MVD
was, in absolute terms, quirte stable to FY 1993,
However, as a percentage of the toral malana

" Dowble counting refers 1o
the avereitimate of funding
by o facror of pao 35 2 regsul
of attributing the sams
revearch furds 1o veg
separate funding bodies

* Excramural suppors & chat
wahuch it acknowladged = a
publication from a source
that is. different fram the
address of the researcher.
Imtramural support is defined
us thag fundeg which i nat
ackonoededged as extramural
fanding and whach is apparerit
from the address of the
retearcher (e wpport to
AN ESEIDUDon ¢3ablished and
managed by a funding bedy)

! Black grants are grants
which are given to e 3
rumber of projecis.

* Price Indices are used to
inflaty or defate actual
firancial dara, effecomely
rarmalizing the dita to a
constant bate pear, The base
year velected inthe current
report wat | 592 (100
Matsonal Science Board,
1793)

* Purchasing Power Parstied
are the preferned sandard
far calculatimg nternational
expendiure im reseanch and
dewelopment. They account
far the vansble coses of
bauying goods and services m
dftereng Coumrigs, ingluding
the wages of stientats and
athar pericnngl (16
Maonal Science Board,
1993)

¥ Many governmantal bodies
in the I5A ernploy a financial
year which runs from |
Ocreber 1o 30 Sepromber,
Thius, FY 1993 = Oetober
1593 Seprember 1993
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" The UEAID figure is for
ribiarch and fupld
PrOgrammes

¥ Dol data for FY 1993 were
nat availabie. The data
presenied here are for 1995
(adpaired to 1992 LS dellars)

* The TOR programme is
mapparted by velustary
comtributions from
Fovernments. wlernyisanal
orgarazations, charties,
cthir noa-gomernmarnal
badies and the three o
spontors of the proagramme
- the World Health
Organizavion [WHO, the
Wearld Bank and the Linited
Manons Development
Pragramma (LIMDF). The
figure of $% million grven
represents malaria funding
only, and not the addicicnal
trespical driestes covered in
the :Frna_r.arnrre-

& 'undlng Far malarg
retearch at the Welloome
Trust increased markedly in
FY 1994 to $10.6 milkan

The CD<C figure 15 for
Fedeareh i cannred
AcAIvILEL

1 ODA daka for FY 1993
were not avalable. The dara
predented here are for FY
1992, which is to say April
1992 -Mareh 1993

T IDRC reperted thas 4
handing of malaria in FY 1993
was wnusaally high

" Thas figure, which is for FY
1994, is beleved 1o be an
underestimare of gosernment
expendicurg 35 1 reprosent
the suppart given to one
reseanch organEatesn onky,

Summary of identified funding support for malaria in financial year 1993 (FY 1993)

Funding organization

Funding for malaria
research
(5 million 1991 base year)

United States Agency for International Development (USAID)? I5.1
Marional Institute of Allergy and Infectious Disease (MIAID) (L5A) i 3.0
Department of Defense (DoD) (IUSA)® =18
Research and Training in Tropical Diseases (TDR) Pregramme® 2.0
Wellcome Trust (UK)'? |
Medical Research Council (MRC) (UK) 6.8
European Wnion (EL) 26
Mational Instituee of Health and Medical Research (INSERM) (France) 23
Centers for Disease Contral (CDC) {USA)!! 2.2
Mational Health and Medical Research Council (MHMRC) (Australia) .8
Overseas Development Administration {ODA) (UK)'? l&
International Development Research Centre (IDRC) (Canada)'? .4
The Mexican government'* .2
Directorate General for International Cooperation (DGI5) (The Methertands) H
MacArthur Foundation (JCH) (L5A) 1.0
Institute for Scientfic Research for Development and Cooperation (ORSTOM) 1.0
(France)
Crthers -5
Total ~B4

allocation, the MVD portion fluctuated and

has decreased by more than half in FY 1994,

This reflected the overall decrease in malaria
tunding in thar year, although the large loss of
tunds to MVD was partally offser by a small

increase in funds to other central projects,

A guugr.tph:iq:al analysis of USAIDYs SUpport
tor malaria research and field programmes is

R e

E 5 & 5

(%)
=

(]
w

LI5S mallion (adjusted to 1992 base year)
w &

=

made difficult by the fact that the Agency's
funding organization structure does not
directly reflect the location of expenditure.

I'.l: M I:.'Z\Z.I[!'I]‘]'l.‘. LOnR F.il i.'ILIh'.I\- IThal I'L.Igl.'ti

by Washington may, and often are, reallo-
cated and spent ar the country level.
Consequently, the specific allocation of
malaria support on a geographical basis is

not readily available.

| 15932 1993 1994

Figure 1.1: Funding for malaria research and field programmes by USAID
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Figure 1.2: Funding for USAID malaria projects by allocation type

Mational Institute of Allergy and

Infectious Disease:

5131 million in FY 1993

The US Narional Institute of Allergy and
Infectious Dhsease (NIAID) s one of two
dozen instivures, centres and divisions ar the
Manonal Instivures of Healch (MIH). Within
the NIH, NIAID

activieres related ot mpir.ﬂ diseases, Grants, in

1as lead responsibilicy for

support of research on malaria and other
rmpiu,.ﬂ diseases, are awarded to extramural
institugions on a competitive, peer-reviewed
basis. In addition, NIAID SUPPOTTs research
on malaria in it inramural laboratories in

Bethesda, Maryland.

Orwver the 10-year period berween FY 1984 and
1993, NIAID's annual budger increased from
5420 million 1o $960 million. During that
same period, support for malaria research
increased from 56,4 million to $13.1 mullion,
and increased further o $15.2 million in FY
IR L2 IfF'Lgllr-.' 2.3). r"l.l'l'F'irl.!lIJrILII{'l:l' Al per cent
of the funding awarded in this period was in
support of intramural activities. The propor-
tion of funds allocared 10 malaria research has
remained reasonably constane at just over | per
cent of NIAIDS toral budget.

The bulk of NIAID malaria support is allo-
cared for research within the USA, A roral of

Y

|:|E-.I-|
1984 19495

Figure 1.3: MIAID funding of malaria research

@ O W & &

i

on (adjusted to 1992 base year)

i

LUs% m
5
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3 per cent of the awards made berween FY
1984 and 1993 were made to mstoations out-
side the USA. This represented just 2 per cent

I!'I-F I‘IH.' [£R]] il] FI.II".I!\- ..1||.EJL-'L| L'd.

The Department of Defense:

estimaged 311.6 million in FY 1993

The LIS Department of Defense (Dol sup-
plied data for the 1995 financial year which
indicated that approximately 369 million
wils spent on FI'II'qu'l.liJ VaCCne rt'ﬁﬂ'-“l.'h -1"'.1
%4.7 million on research into antimalarial

drugh. rIII'IIIE'E- dppedrs o rL'I‘fL'!“.'Ht <0 il'lL']'ﬂ.';t!“.'
OvVeT I'll'l;_"‘-"‘“'l‘llﬁ }'I._'.,ir\ .'II._'E_""I:_"‘II'I.E_E L4 [1..“..! ITr[]'\"i.di.‘d
in the Institure of Medicine malaria report
(Oaks eral, |
the Dol allocated almost 538 million, or
roughly 37.6 million per annum, o malaria
activities between FY 1986 and 1990, Malara

991). According to that source,

acrivities were defined in the Institure of

Medicine report to include vaccine develop-
ment, drug dq:ﬁ:lnplm'm and vector hi-.ﬂug:r

research and control.

The UNDPWorld BankWHO Special
Programme for Research and Training in
Tropical Diseases (TDR):

9.0 million in FY 1993

The Special Programme for Research and
'['r.ijrlirlg in '|}¢1|1|L.1| Diseases (TDR) s COSpOn-
sored by the United Mations Development
Programme (UNDP), the World Bank and the
World Healch R)rganiz.iti{all (WHM. TDR 15

30
25,
i
1
0
Malaria budget
e Total budget

=

LSS million (adusted o |99 base pear)
n o

=

1984 1985 1986 IFET 1988

'\lll'ﬁl.'"."] [1";.'. I"‘:l' "|"Ui|]|‘ll.:|l_'|' COLr ]! SLALRONTRS Ir': HT1 :,.,'.1 LU
ernments, meernational nrlz..mi;r.niuu:., charies,
other non-governmental bodies and the three
L{l:‘l““'ﬂ-ﬂr:\ [11. :hﬂ: I:lrﬂ;.:ldl"r“f. -].]'l.L' I::lT!:L'h'l LTk
TDE,
1974-1994, include the following: Denmark,

tributors o over the period FY
Norway, Sweden, the USA and the cosponsors
(WHO, 1995h). The Prosramme, which com-
menced in 1975, has two objectives: o research
and develop new wools 1o control tropical dis-
cases; and o tran individuals and =.|ru|1.g|:h-:.‘|'|
institurions to increase the research capability of
d;ﬂ.'uluping tropical countries. As well as
malaria, the TDR P'rogramme also includes
filariasis.

schistosomiasis, Y PANOSOMiAss,

Chagas disease, leishmaniasis and leprosy.
Figure 2.4 shows TDRs commitment wo
rescarch and development, and rescarch capa-
biliry strengthening (e.g. training and institu-
tional strengthening) over a 10-year period.
The toral l‘llh‘lgt‘l rose from 520 million in FY
1984 1o $22 million in FY 1993, peaking at
528 million in 1991, OfF this, malaria research
accounted for an av rage of 38 per cent. In FY
1993, the budger for malaria activities was
59 million. This figure increased in FY 1994 1o
59.6 million ourt of a roral TDR operational
budger of 319 million. Consequently, malaria
accounted for almaost 30 per cent of all TDR
spend in thar vear, thus representing the highest
proportion of the wotal budger ever dedicated

to the disease.

1991 1991 1991 1994

Figure 2.4: TDR Programme malaria budget and total operational budget
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Figure 1.5: TDR Programme malaria
funding by region
(% of funding 284994}
{ather A and lslands includes Japan, Middle
Eastern Crescent, Indian subcontinent)

Almost  one-half of the grants awarded
between FY 1984 and 1993 went to
researchers in Europe and MNorth America
(Figure 2.5). Sub-Saharan Africa received 17
per cent of the total with 'Other Asia and
Islands’ receiving 16 per cent. However, these
ratios have changed over time, and by FY 1993
the portion received by sub-Saharan Africa had

II11.'“!.lhl.'{|. s per cent eer Vear.

The Wellcome Trust:

£7.1 million in FY 1993

The Wellcome Trust 12 the world’s |.|rg-.'n:
charitable foundarion. It was established in
1936 by the will of Sir | ||_'|'|rI1.' Wellcome, the
successful industrialist and philanthropist.
Wellcome decided that, on his death, the

share capital of the pharmaceutical company,

TF

UE% million: malaria gramt expenditure
(ndfpusted o 1992 bate year)

1985 1986 |987 1988 1989 %90 1991

12 - Malaria gramt expenditure

w— Taral bamedscal grant esperditure

The Wellcome Foundation Limited - later
Wellcome ple and now part of Glaxo
Wellcome — would be held in trust to creare a

research-funding charity.

The objectives of the Wellcome Trust are o
support research in the biomedical sciences
including veterinary and tropical medicine and
the history of medicine, All types of research are
funded, from the basic sciences related to medi-
cine to the clinical aspects of medicine. The
greater part of the Trust’s income is currently
used to support the work of researchers in the
UK and the Republic of Ireland. However,
through its International and Tropical Medicine
Programmes, the Trust supports scientific
exchange between the UK and the rest of the

“-'[]]'Ili .:I.[“.E |'|'I.'lJ'I.'i:L]L"$ LL'It.EIiI'I [}'l"‘l."h (]i.hll[]]}[JT[ E;i'll.'

research projects in other countries.

Toral science hunding and malara suppore

-I.i'l.l'.' I:.I.Illli.|.lll:|!_’| L'Url'll'lli“'l“.'l'l[ I:JI:. tI'“.' I"I.l.:'rl.'ﬂl.'ljI'I'H.'
Trust both for science as a whole and for
rl'l:l]-'l:ri.l h-'l."."L' il'll.'l'l.'.l.‘d."d hlll'ﬁ}it-'l.l'l“ld":-' OVEr |:I'|'L'
past 10 years (Figure 2.6). In FY 1993,%
Sl_'.l [ITi]Ii.EJII Was .I]ll!ll'.'d“.'ll L8] I'I'IJI:IiIrIHI l'ffif.'ﬂl"l'.'l'l.,
out of a toral research budger of $277.2 mil-
liom, A l.lrl-::'l.' INCrease 1N E'um,iing occurred in
FY 1994, when expenditure on malaria research
increased o 51006 millon and cotal -.'xpw:(li-
ture to $353.2 million. In FY 1995, the
funding commitment to malaria increased to
512.7 million. Malana research, as a proportion

{adjusced to 1992 base year)

LI5S million: total beomedical grant expenditure

' The VWellzamse Trust

employs a financial year
consistent with the LIK

academic year running from
| Oegober to 30 September
Thias, FY 1993 8 Ouorober

Figure 1.6 Wellcome Trust funding for all biomedical granes (excluding History of Medicine 1591 -September 1993

and Public Understanding of Science) and for malaria grants
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Figure 1.7: Wellcome Trust funding for malaria in the UK and overseas

of the funding pnr:EHin of the Trust, has been
approximartely 3—i per cent since FY 1993,

Funding for malaria overseas
In this study, ‘overseas’ support was defined as

all funding provided for the support of research

in Trust overseas units, regardless of the point of

administration, and all grants with an overseas
address, Granes awarded to UK umiversites but
that involved field research in tropical countries
were not included in the definition of overseas.
Most of the increased support for malaria in the
past five vears has gone 1o institutions or indi-
viduals in the UK (see Figure 2.7). The propor-
tion of research funding going overseas varied
from 9 per cent of the total support for malaria
research in FY 1985 to 67 per cent in FY 1987,

with a mean of 38 per cent.

Senizer el
s
Bragd Germmany
% 1%

Auarrala
(-3

Ytnam
™

Thadared
4% Swnden

Figure 1.6 Wellcome Trust
overseas funding for malaria
by country
(% of funding 1985=19%4)
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{Eppegally & yoard)

Support by the Trust for malaria research over-
seas over the period FY 19851994 (Figure 2.8)
was greatest in Thailand and Kenyva, followed by
Australia and Vietnam. In Australia, most fund-
ing was through the Australian-New Zealand
Fellowship Scheme. In Thailand, Kenyva and
Vietnam the support was principally for research
units, Support was <5 per cent in each of Brazil,

Switzerland, Germany, Sweden and the USA,

Funding for malaria by type of suppon

The breakdown of support for malaria by ovpe
of !'undin‘u aver the E\q-riugl FY 1985-1994 is
shown in Figure 2.9, Just over one-third of sup-
port for malaria research was through personal
tellowships thar provide for both research costs
and salary support for individual researchers. A
similar amount was allocated o Truse overseas
units located in Thailand, Viernam and Kenya
that are predominantly concerned with research
into malaria, but whose research programmes
also  include other infectious  diseases.
Expenditure thar was classified as units’ supporr
mcluded research equipment, consumables,
local salaries and infrastructure costs for the field
research as well as resources in the UK o pro-
vide logistical backup and transport beeween the
unit and the UK. Just under one-third of sup-
port was allocated through project and pro-
gramme grants thar provide research expenses
and technical or research assistance. "Other’
expenditure includes support for equipment in

L-IH Zil'l"'-l.i[ll{['\ R \'L'L'I] i |l.|E'I'|.I'iII§.': I-lll I'III.'I.'l.i['IR"-.

Prejedt granti

{ypicaly 3 years) Perional support

{leBorarshaps
5%

Programme
grants

%

o -
%

Cherseas gt
MR

Figure 1.%: Wellcorme Trust
funding for malaria by funding
mechanism type
(% of funding 1985 1994)
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The Medical Research Council:

6.8 million in FY 1993

The UK Medical Research Council (MRC)'™
15 one of six :g,uﬂ:nmh:nl—fllmlcd research
councils in the UK. The MRC supports
research and tr.lirliug i biomedical and related
sciences with the aim of maintaining and
impm'.'in‘u human healeh. e aims to meet the
needs of the beneficiaries and users of biomed-
ical rescarch, including providers of health care
as well as, for example, the pharmaceutical,
biotechnology, food, health-care and medical
inserumentation industries. Finally, the MRC
provides advice on, and informs the public on,

T{'HL'..IFL'I'I II:-i!'a.l.ll:."\. n II'IL' t}i[]l‘l'lt'dllli..'l.l. hl.:i.L']'I.I'.'lL'.'«..

Table 1.1 MRC funding data

Year Totalscience Malaria Malaria as % of

(£ million)  ($milion) total science
1983 286.4 4.2 1.5
1988 1849 48 1.7
1993 3770 58 1B
1994 4026 &.0* 1.5

“This does not mchude a figure for trasning

In FY 1993, the MRC spent a ol of
$377 million on rescarch. A total of 568 mallion
of this was spent on malaria research. Thus, in
FY 1993, the MRC spent 1.8 per cent of itz
budger on malaria. This represented a small

11

increase on the proportion spent in FY 1983
when malaria accounted for 1.5 per cent of the
total (Table 2.2). In FY 1993, the MRC spent
almost one-third of its malaria budget on
research overseas (Figure 2.10), Most of chis
was for the support of its overseas unit in

The Gambia.

2.2.2 Medium-sized contributors
The Commission of the European Union:
estimated 526 million in FY 1993

In 1982, the Commission of the European
Commumities (now Union) ilnplc:nr_'mml a
research and development programme which
-liFI1L'l',{ [{4] I'IIH':}i.IiiI'.L' M.'-Iﬂ.'l]til.' -'I.I'I[] IL'CI'II'IIII“F)' II:I'I
support of cconomic and social development
i.l'l lIl'.'\-'l‘,!l{J!“-"g L'“ll"[!'il.'.‘i. ’I‘l'll.'-l.‘t,' _‘_El.'lll.,'rﬂiii{l]'l.‘i {Jj'-
the Science and Technology for Development
|"r{:|gr:uu me (ST have n.uppnrl:.'al pmiu:;r.'. m

agriculwre and health, including malaria.

The third programme (STD3), with a budger of
556 million, covered the three years FY
1992-19%4. Malaria was the largest single
research topic, representing 14.1 per cent.
Twenty-four projects costing $7.9 million, or
about $2.6 million per annum, involved 109

partners from different countries.

The ratonale of the STD programmes is
strengthening research capabilities by forging
collaborative links between research institutions
in Europe and developing counrries. The pro-
gramme requires that each project has a mini-
mum of two parmers from different EU
Member States and one pariner from a develop-
ing country. An analysis of the geographical dis-
tribution of the funds allocated in STD3 1w
malaria research indicates that 75 per cent of the
total awarded went to researchers in Europe, 13
per cent to researchers in sub-Saharan Africa
and a further 7 per cent o researchers in "Other,
Asia and Islands’ (Figure 2.11). However, an
alternanve .'I!'!I,lt:l.".'\:ih based on the number of
countries involved in joint collaborative research
inﬂii[ﬂ,l("\ [h.,l[ ]::I_LTI:TP[,:J n L'{:Il.l.l'lf"ll'ﬂ dre i]]L] le.i.'d
in 27 per cent of all partnerships, African coun-
ries in 43 per cent, and Latin America and

MavLania RESEARCH: AN ALDIT OF BTERMATIOMAL ACTRATY

'® The Medical Retearch
Courcil has & finandial year
whith runs frem | Aped o
31 March. Thas, FY 1993 =
Aprd | 993-Farch 1994,



! The COC specifically
indicated chat BO-85 per cem
of funds repretent salary and
related personnel benefics
expenies for COC employees
engaged in malaria revearch
and contred Fetvmet, rather
Ehan far the activites per se
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Figure 2.1 1: Destination of EU funding for
malaria research bevween 1991 and | 994
(% of 7.9 million awarded during STD3)

“Oither, Asia and Islands’ each account for 15 per
cent of all partnerships (Figure 2.12).

French Mational Institute of Health and

Medical Research:

523 million in FY 1993

The French National Institute of Health and

.."o'il'liiﬂ.-;tl ]z.L'.'“.':l.lLi'l []Nhi'lt:"ﬁi] '\.ll]‘-"!'li.il'lh |]|L|Ii|| iil

FesCEre I::I i.|1 l"l."“.i.‘ .il'“.l. Jlﬁnli“.l.. rIll'lL' h“.l] I::l'l.l.l:‘l'
for malaria in 1993, which represented

per cent of INSERM's overall

wias 52,3 million. Of chis ﬁi_{nrv.

approximately 1
hlldgﬁ'l.
$0.6 million was specifically for research and
fl:“.' I'L'rl'lili[:H.IE.'I.' ﬁ]r !'|-I.|..irlllll.L .ir“.l. E.'i.llll]ll'llll.'ﬂt.
Although the majority of projeces being funded
are located in France, INSERM provides grants
4] I.I.I'I.I\"l.']':'c-lllil.'"i ]I[l I!i]'-l.'l.'l. .]-l'l.iil.ir“.l. ..H:Ili.l ?".1L'I.Il.".
Centers for Disease Control:

52.2 million in FY 1993

The US Cenrers for Disease Conrrol (CDC), an

tlllllll

I9B5 1986 1987 1988 198% 1990

LI5S million (adjusted ta 1992 base year)

Onbatr A
ard Islands
15%

Adrica

Europe

Figure 2.11: EU collaborative partnerships in
malaria research between 1992 and 1994
% of roral number of countries collaboratng i 5TD3)

agency of the US sovernmen, Spent’’ an aver-

age of $1.5 million per annum on malaria
research and control activities between FY 1984
and 1993, This n.'pr-;'-wn:-:u.l ,1p|mni|11,|u.-|:.' .3
per cent of CDC's total budget. In FY 1993,
$2.2 mallion was allocated to malana research
and control. Over the past 10 years, there has
been a doubling in support (Figure 2.13).

Malaria research at CDC over the past 10 years
]llilh l|!L'L']l Il:ll_l.th'lll I'Iliii"l_'l' Ll HHII AlCdsD VAL e
development and  testing: field studies of
malaria epidemiology and the effectiveness of
population-based public health strategies; mon-
ioring and investigation of domestic outbreaks
and imported malaria cases; and the develop-

ment of irnprw.'ﬂ.:i malaria diagnostic tools.

CDC has recently developed a programme ol
rescarch on Anapheles biology and genetics thar

has received substanial from the

1991 15992 1993 1994

sUpport

Figure 1.13: CDC spend on malaria research and control activities
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SEARCH

TDR

Pﬂ!g!’.’llTl[l'I-L'. (‘I}L: iI]:\[J I'I"“-'i{lﬂ.'.‘. !il.lI'IEH!r[ I'-“I

MacArthur  Foundation and  the
staff and Facilities ar field research stations in
I":ﬂll:'-'..l = | []ll ';;H-'lll’.']'l]-'tld.

I"l.l.ll.l“.' FITHEREL lhf.' []'Itﬂrl'l:“':ii ] | :ll E-Ii.':lltl'l
Program Office (IHPO) of CDC has also sup-
]H]Tt‘.’ll |'|'|LI]-'|."...1 ll'h-‘.'-'tn'_'j'l. -ll]d L'{]]'“"'I‘I. { :ll'\'L'l'l. t]'ﬂ".
these IHPO funds originated from USAID,
they are not represented in the CDC dara.

Awustralian Mational Health and Medical
Research Council:

estimated 51.8 million in FY 1993

The Australian National Health and Medical
Research  Council (NHMRC)  supported
malaria research berween 1986 and 1994 with
a hl.l-.lgq‘t which increased from 50,18 million
to $1.1 million. A block grant from NHMRC
to the Walter and Eliza Hall Instituie of
Medical Research (WEHI) also supported
research into malaria. In 1993, this grant was
just over $5.4 million, of which approximately
12 per cent, or $0.7 million, went to the sup-

l'l[]]'l lﬂ-l'l'liilili'i.il nesca I.'-L'I'I..

UK Overseas Development Administration
of the Foreign and Commonwealth Office:
516 million in FY 1992 (excluding another

3 ||||||i<l:! [ 'I||1' DR |'|ll4':_|'.|l'|'|l'|'|»;"

The Overseas Development Administration of
the Foreign and Commonwealth O1fice
(ODA) aims o promote the economic and
social development of less developed countries.
In so doing, it commissions and sponsors
research on topics relevant to those countries
receiving aid.

In FY 1992,'" expenditure on medicine and
!'I.I.':I.Ith ".‘.".I'.'.'Il{.'l:] il'l 'I'II..: I]ﬂ-'l.lth ;|n:.| I‘I}FLllilti.[}Il
programme totalled $4.9 million. Two long-
TErm projects within the programme were of
particular relevance to malaria and had an
annual combined cost of 31,6 million. Both
of these were financed jointly by the ODA
and other donors or institutions, most partic-
ularly the UK Medical Research Council. An

analysis of data since FY 1989 showed that
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tunding for medicine and health research and
tor malaria remained quite constant.

In addition to the Health and Population pro-
gramme, the ODA supported research in the
field of tropical public health ar the London
School of Hygiene and Tropical Medicine at a
total cost of $17.8 million between 1990 and
1995 ($3.6 million in FY 1992). It also sup-
ported five work programmes at the Liverpool
School of Hygiene and Tropical Medicine
between 1990 and 1995 ar a total cost of
§7.4 million ($1.5 million in FY 1992). These
work programmes covered other tropical dis-
eases as well as malaria.

ODA also contributes to the TDR Programme
(1.6 million in FY 1992) and to the
European Union's STD Programme.

International Development Research
Centre:

51.4 mullion in FY 1993 |._':-.1.||.u|i||!_'; 51.0 million 1o
the TDR Programme)

1-i1t (:ﬂn;ﬂ]l‘ﬂ.l] Illt{.'l'l'l.;lti'"]-'ll DI:"."L'I(}P'“L'“I
Research Centre (IDRC)' receives its core bud-
get from the Canadian government, nltllt]l.t[;h
increasing emphasis is being placed on generat-
i.I]E co- and |1;|r;1||r,'] I'1.|rn,{in.f:';."'!“I Its ol pro-
gramming budget increased from $49.7 million
in FY 1984 o 5657 million in FY 1993,
Berween FY 1984 and 1993, malaria research
was funded ar a total cost of $4.4 million.

On average, 0.4 per cent of the IDRC's budger
went to malaria projects. The exception was in
FY 1993 when a total of $2.4 million was
awarded. This included a grant of more than
$1 million 1o the TDR Programme for the sup-
port of bed net trials. Over the 10-year period
studied, 43 per cent of IDRC's support (as funds)
for malara went to countries in sub-5aharan
Africa, 27 per cent went to Furope, 19 per cent to
Latin America, and 10 per cent to Asia.

The Mexican Government:
51.2 million in FY 1994

Data for the ﬂlll[iil‘lg_ of malaria research in

" The Overseas
Drevelopment Administration
has a financal yoar which runs
from | April to 31 March
Thas, FY 1993 = April
1#93-March 1994 However,
data were unaaailable lor FY
1993, snd chua FY 1992 5
prezented

" The IDRC wses a financaal
year from | April o 31
March. Thus, FY 1993 = Apeid
199 3-March 1994

¥ The terens "co-lunding’ and
‘paralied funding’ refer to
Turding provided by other
donors to an IDRC-
supported project. In the
former, the sddaional fumnds
are administered chrough
IDALC, I the kcter, the hands
are provided directly to the
riedipient and sre ol
administered through IDRC.
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Mexico were obtained from the Pan American
Health Organization (PAHO). The Center for
Malaria Research in Mexico received ower
$1.2 million from the government in FY 1994,
Data from other Mexican research funding
agencies were not available.

Metherlands Directorate General for
International Cooperation:

eitimated 51.1 mallion in FY 1993

The MNetherlands Directorate General for
International Cooperation (DGIS), part of the
Mini.l:tr}" {?"- E:{!ln.'llgl'l ﬁﬁ-ﬂiﬂi. :iupEJurt.ﬂ ll'M.':lJ'L'h
in tropical medicine, DXGIS has estimarted thar
it contributed approximarely $2.4 million 1o
the TDR |‘nrgl.m1m¢ berween FY 1987 and
1994, In the same period, approximately
£7.6 million was allocated o malaria research,
im:hu;ling the above TDR contribution which
was earmarked for research into malaria, Given
that these funds covered research over the
p:ri.nd FY 1987-1994, an average annual
expenditure on malaria may be estimarted as
$1.1 million.

John D and Catherine T MacArthur
Foundation:

1.0 million in FY 1993

The John D and Catherine T MacArthur
Foundation (JCM) is one of the largest US
philanthropic foundations. The Foundation
supports programmes in mental health, tropical
medicine, conservation, education, peace and
international cooperation, mass communica-
tions, and individual creanivity. It also suppores
cultural and community organizations. The
expenditure of the Foundation rose from $96
million i FY 1984 o $148 million in
FY 1993, of which an average of 15 per cent
per annum was allocared to its Annual Health
Program.

Berween FY 1984 and 1993, rwo 10-year
i.l:lllﬂl-i:lt:i"-'ﬂb \'-itl'l rﬂ]i."l."ﬂ.l'l.{_",! [44] I'I.'IH.'.:II.'IIE rc:s:ar{;h
were launched as part of the Annual Health
Program. Support for the consortium and the
network over the 1{-year |n:r'[{1ri FY 19841993
totalled over $38 million. Based on estimates
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given by individual grant holders, approxi-
mately 28 per cent of this, or an average of
$1 million per annum, was allocated 1o
malaria research. Over the 10-year period
studied, 64 per cent of tunds For malaria
rescarch went o groups working in North
America. The consortium came o an end in
1993 The nerwork 15 to continue untl FY
1999 with an average annual budger of
$1.2 million, although malaria will account for

t:—n]}' a fracoion of this sum.

French Institute for Scientific Research for
Development and Curnperaljun:

1.0 million in FY 1993

ThL' FI."L'I'IL'I:I [J'I!ﬂi['llll‘.' E."I' S‘L'il.'lltiﬁl Rﬂ.".\-’l.'llrﬁ:]'l: Ei'l‘l.'
Development and Cooperation (ORSTOM)
allocates almost $1 million to malaria activities
annually. OF this sum, approximately $0.85 ml-
lion is expended in salaries, $0.02 million in
training of people in malaria endemic countries,

and only 30,08 million in research.

2.2.3 Smaller contributors
Rockefeller Feundation:

=51 million in FY 1993 following the completion of
a medium-sized funding project up 1o 1992

The Rockefeller Foundation is a privare phil-
anthropic organization. The Foundation’s
Health Sciences hudgq:t rose from $6.7 million
in FY 1984 to $13.2 million in FY 1993, Two
initiatives berween FY 1984 and 1994 were
relevant to malaria research. The Great
Neglecred Diseases (GND) supported research
ranging from basic investigation in the labora-
tory to ficld studies, Berween FY 1984 and
1987, the GND budger was in the region of
$2.35 million per annum, of which an average
£0.3 million was devored to malaria research.

Between FY 1988 and 1992, the Health
Sciences for the Tropics (HST) Programme
aimed to transfer biomedical research com-
F“,.'t{.'nl:‘,' l"n:}r trﬂF’i.L'ﬂI dih-ﬂ-'lﬂ-ﬂ.‘- [L8) -:it."'l."t|u|.'r:il'lg
countries. This was atctempred through part-
nerships between countries from the north-
ern :H'Id .‘“",l.tl]tll.'l llﬂnTiﬁE]I]ﬂlﬂ.‘:‘i. IT‘]'".' ]."[}R

Programme funded the southern groups
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with the Health Sciences Division of the
Rockefeller Foundaton nuppnr:ing their
northern partners. In its five years of opera-
tion, the HST |1|:|d‘u,1,'1 .n'::mgud S1.8 million
per annum, of which malaria received an
average of 506 million per annum, or 4 per
cent of the total Health Sciences budger. The
HST ]’mt_:r.umm' has not been renewed and
the Rockefeller Foundation is not currently
tunding any large research  programmes
relevant to malaria,

Metherlands Organization for Scientific
Research:

=51 mullion in FY 1993

The Netherlands Organization for Scientific
Research (NWO) is the largest Dutch organi-

zation in the field of fundamenta

and straregic
scientific research, acting as the national
research council in the MNetherlands. In FY
1994, NYWO received 10 per cent of the
Dutch  governments science budget with
37 per cent of the bud get g:]lng -.|'ch,1.1|}' o the
13 Dutch universities. The leading Dutch
research  mstiutes were funded from the
remainder. NWO's budger in 1994 was
.,1ppm.1.:i|l1.|t::l:|.' 5181 mulbon.

The NWO structure includes six Councils, rep-
resenting different scientific fields, and two
multidisciplinary foundations. One of these,
tl'“.' NL'II'IL'I]-'I.I".IH-
Advancement of Tropical Research (WOTRO),
IJ“"]'I.[]I:L".\ il]'ld f(“lldi.l'l;ltf.'h- [fhﬂ:il.ll'.'l'l. lI" tl'l.?l'rlll'.'ﬂl

A search of

F"LH.LI'II.I..I.IZ i.IZJ]'I I-I." IE:IL'

and developing  countries.
WOTRO's records revealed that five grants had
been awarded for malaria research in the past
10 years, at a total cost of approximartely
0.5 million.

Danish Council for Development Research:
<51 million in FY 1993

The Danish Council for Development Research
is financed by the Danish Aid Organization
{(Dranada) in the :'L-iin'!:ﬂr}' of E"mcig:l Adfairs in
Denmark. Ower the past four years (FY
19990-1993),  Danda’s hl.u]y,-::t for  health
research averaged 52,5 million per annum.

16

In FY 1988, a .t:pc.'q."i:ll programme administered
by Danida was launched for developing
countries, the 'Bilateral®”! Programme for
Enhancement  of  Research  Capacity  in
Developing Countries’ (ENRECA). ENRECAs
total budger berween FY 1990 and 1993 was
£7.6 million. Of this, $1.9 million, or roughly
80.6 million per annum, was allocated o four
projects in the field of malaria. The objective
of the ENRECA programme is to build up
research capabilities in developing countries
through the provision of training. equipment
and other facilities, and by facilitating the
participation of researchers from developing
countries in global research cooperation. The

remit of ENRECA covers health, agriculwural,
technical, social and natural sciences. All
projects are awarded jointly between groups in

Denmark and groups in a developing country.

Two further malaria projects (not under
ENRECA) were funded h}' Danida in FY
1993, at a cost of $0.3 million.

Danish Medical Research Council:
<51 million in FY 1993

The Danish  Medical
(DMRC)Y has an annual hu:,lgr,'t in the rt:g'mn

Research  Council

of 59 million per annum. The DMRC receives
very few applifatinnx for malara research;
within Denmark, such research is handled by
Danida. Over the past five years, the Council
has funded four projects relating to malaria.

Swedish Medical Research Council:

<%1 million in FY 1993

The annual budger of the Swedish Medical
Research Council®® in FY 1995 was $37 million
of which 521 million was used to fund abour
800 research projects. Since FY 1987 the
Council has giwu 63 grants for malaria research
at an average annual cost of approximately
5013 million, or a wotal cost of $1.3 million.

German Federal Ministry for Education,
Science, Research and Technology:

<51 million in FY 1993

An analysis of research funding in Germany is
L‘:J"'Iplj{.l‘[l,‘(l h].' the fact that under the federal

¥ Bilateral projects are
genevally defined 33 thase in
which funding by the donor is
made 1o 3 develaping

COHITATY.

i The Swedish MRC has a
firancial pear whach rung
fegeen 1 Juby o 30 Jure. The
year | 99495, which itarts in
by 1994, i referred to as FY
1995
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system, funding of higher education is the
responsibility of individual stares (Linder),
while funding for research is the joint respon-
sihilir:r of the states and the federal EOvErn-
ment. Much of the basic research carried our in
Cierman universities and  institutes is sup-

ported by funds from the state ministrics.

At federal level, support for research may be
provided Ministry
Education, Science, Research and Technology
(BMBF). the Federal Minisery of Health and
t
from the DFG on support for malaria are not
available at present. The Ministry of Healdh

by the Federal foir

e Geerman Research Agency {DFGY, Data

pnw:i-;l:.‘:. MONCY [0 INSCIUons for research: 1t
does not sponsor individual projecis on
Ohver period  FY
19851994, -:igllr Flrnj-.'-u;;[ grants in malana

malaria  research. the
research have been awarded by the BMBF aca

‘tﬂ[ill cosl UI..'-I.EJ I.'ll'd}!{i [I1:Il¢!]}' $El.h IZI'HI"IIH'H.

Swiss Mational Fund for Scientific Research:
<% 1 million in FY 1993

The Swiss MNational Fund for Sciennfic
Research (FNRS) had an annual budger in FY
1993 of over S100 million. OF this, just under
half (%44 million) went 1o the Division of
Biology and Medicine. However, between FY
1984 and 1994, only six malania research gr:

1153

were awarded and these rotalled 50,55 million.

Swiss Tropical Institute:

=51 million in FY 1993

The Swiss Tropical Institure also invests approx-
imately $0.5 mallion per annum in malaria
rescarch. These funds originate from both the
local and national governments, as well as
through diagnostic and clinical services and
research grants of bilateral/multilateral develop-
ment projects. Research is conducred principally
in Switzerland (35 per cent) and Tanrania (55
per cent), although there is also some support for
Chad, Thailand, Papua New Guinea and India.

The ltalian Government:
<51 million in FY 1993

The ltalian government allocates, on average,
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$0.3 million o malaria research per year. OF
this figure, approximately two-thirds is spent
in lraly. A rotal of some six to seven projects are
tunded annually, roughly half of which are
located in the lstituto Superiore di Sanita,
Research fields principally include epidemiol-

(}wr' il!'LI'.i lllldl.',lill sl Illi..‘..

Canadian Medical Research Council:
<51 million i FY 1993

The Canadian Medical Research Council
(CMRLC) introduced disease classification codes
in FY 1988, hence statistics on support for
malaria rescarch are available from FY 1989 only.
Since thart year, the CMRC supported 11 grants
il.'l [I'Ia'll.l]'ia'l. I'I'_'.\L'ﬂﬁ.'h, A6 “It-'l.l. COAT lﬁl. -Il.lﬁt I.IIII'jL'f
$1 million {or an average of $0.18 million per
annum). This represented approsimarely 0.1 per
Cemt ['I}-Ihi" t‘“ﬂl a1 rIlL;II b}u[]i_{r_‘]‘. Ai] gr.i s wient

o Canadian universities or instinires,

The Pan American Health Organization:

<%1 million in FY 1993

The PAHO, which is part of WHO, has not
been a major supporter of malaria research
since the advent of the TDR Programme. Since
FY 1988, uig]u malaria research projects hawve

been supported ar a total cost of $0.17 million.

Brazilian Funding for Studies and Projects:
<51 million in FY 1993

Brazil has a large number of publicly supported
fl._'.'i'l.'.]l'lf.:]'ln ..'Ig!.‘l'll..:l.{"ﬁ. |m:|:| '-ﬂ.'i.llf.:rﬂl il!'l.[] statc, Imany
of which conduct malaria research. However,
most of these did not respond o requests for
funding data. A survey of malania research sup-
ported by the government department of
HI'I;II'LL'L' H." h-';.]lﬂ.'l'll'.'\'.' ﬂ.rld "'-"-I‘“HJIUE{“ Flllll-'l.[l'i.jﬂllﬂnl
de Estudos e Projetos (FINEP), identified
10 projects over the past 10 years at a total cost
of $1.2 million.

Venezuelan National Council for Science and
Technology Research:

<51 million in FY 1993

Drata for the funding of malaria research in
‘\"rﬂ."[“.'i'.lnll.'lil Were "l::lt-'l.lll'“!ll I:.I'H!'EI [l]l.' FJJLH{.].

A survey of fun(ling for malaria research h}'

7
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national research organizations in Venczuela
identified 45 projects berween FY 1987 and
1993 ac just over 51 million. The National
{.:‘Ulll'l'l.'ill I'nr Hli.i.l'.']'tlzﬂ.' ;Inr.{ F[‘I'.'Ll:ll'“ll(]‘g}' Ili.‘!iﬂ.‘ﬂ.".:h

(CONICIT), a government research agency,

M.ZIFJ].‘.";}I.'tL"I.I IG5 l:'ll- IZI'IL'."GL' at a H.:ltﬂ.l. cost []f.

$0.85 million. A further 29 malaria projects
Woere h-l.l!'llﬂ.?rtﬂ.'il i}} ilh."o-l?rtll.'d III'Id.IJ.‘iI”I-'tI CONMCCTTS

and the PAHO,

Australian Department of Industry, Science
and Technology:

<51 mullion in FY 1993

The Australian  Department of  Industry,
Science and Technology (DIST)* funded
n];li.'l.ri;l rﬂ,.'.‘il.:ﬂ.ll..:h at tl"..' ‘\1.';"'.1.'“:[ ;ll'“.l [‘.l.if-'l. H-"l“
Institute over the period FY 1989-1994 at
a cost of £2.6 millien, ﬁ-.ldiTimmH}r, the DIST
supported research in malaria vaccine develop-
ment, principally  through a  programme
named Saramane which 15 a joint venture
berween the Australian government and Roche
of Switzerland for clinical trials in Brisbane
and Papua New Guinea, Public funds devoted
o vaccine dwulupmunt. mainly lhruugh
Saramane, have rtotalled approximartely
$4.3 million over the period FY 1981-1994,

Australian Research Council:

<31 million in FY 1993

The Australian Research Council (ARC) is
funded by the Department of Employment,
Education and Training (DEET). The ARC
allocated approximately 30.24 million to
period  FY

198914993, Hll|1|mr[ for malaria 1s Zi[ll.'l‘t.'.'L!iil'lF

malaria  research  over  the
ar the Council and the malaria research alloca-
tuon for FY 1994—-1998 has .'lIﬂ,.':H,I_T.-' doubled

the spend from the previous period.

South African Medical Research Council:
<51 millian in FY 1993

The South African  Medical Research

Council® (SAMRC) is the main source of

funds in that country for biomedical research.
One of eight research councils, its annual bud-
get from the Sowth African government
increased more than threetold berween FY
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1985 and 1993. Prior to FY 1991, the propor-
tion spent on malaria rescarch stood at less than
0.1 per cent of the total. In FY 1992 and 1993,
the proportion of the MRC’s annual budget
allocared 1o malaria rose to 1.9 per cent of the
total public expenditure, equivalent to approx-
imately 0.4 million. However, most of this
}igllr‘.’ ﬂ:pr'::“.‘llrﬁ ﬁﬂ.lﬂfi{.’ﬁ :Il'ld ntllr.']' I'H"L‘rhf{ll.lﬁ.
The annual public allocation specifically for
grants i malania research iself is l;‘_.."FIiCﬂ”}"
around $0.06 million per annum.

In FY 1993 a new source of funds for malaria
rl:.l;t,'.:il.'{,'ll WS i.l'lrn'l{l'l.ll:{.'{l thr{:ugh thl..' SﬁMIl{:,
The Health Systems Trust, which is funded
from three sources including the Souch African
government, the European Union and the
Karzzer Family Fund in the USA, currendy
funds research in malaria with an annual bud-
get of approximately $0.07 million. Malaria
research ar the SAMRC is also supported by
commercial funds. Approximarely $0.05 mil-
lion is received direct from pharmaceutical and
insecticide companies  including  Imperial
Chemical Industries, Agroeva Insecticides,
Biyer Pharmaceuticals, Merz Pharmaceuricals,
Firmenich Pharmaceuticals, and Byk-gulden
Pharmaceuticals.

South African Institute for Medical Research:
<51 million in FY 1993

The South African Institute for Medical
Fesearch {Sﬂihﬂ“ﬁ 15 Jl::—t-ﬁmr—pmﬁt :}rg;mi-
zation which funds malaria research principally
through its  Department  of  Medical
Entomology. The average annual budger over
the past 10 years for research in malaria is
abour $0.08 million. These funds derive
principally from the provision of laboratory
diagnostic services by the SAIMR 1o provincial
and private hospitals. Malaria vector research
comprises roughly 80 per cent of the annual
budget of the Department of Entomology.
Types of support include salaries, equipment,
running costs and consumables for training.
All projects are undertaken at SAIMR and field
work is conducted in South Africa, Botswana,
:"..-iu:r.:n11hii.|l.u_', Zimbabwee and Tanzama.

¥ The DIST financal year i
from | July to 30 Jure,

™ The South African Maeducsl
Ratesrch Coundl unhzes a
firancial year whach nans
troem | Apal 1a 21 March

3 The finaneal youar ar the
SMIMR runs from | Jaruary
1o 31 Decembser,
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* The figures for annual
phobal recearch expenditure
wrg grurated from dats for
15901992 from all sources
povernmsgnt 3nd publc
aperciet. non-profit
Organeaons, amd the
prarmageutical industry

23 SUMMARY

Collecting comparable and reliable interna-
tional funding data presented a dithiculr chal-
lenge. In this survey, organizations were asked
to provide information on awards for malaria
research over the past 10 years, and if possible
to provide lists of specific projects. By adopring
this approach, it was hoped that some of the

pitE1l|:i associated with this type of data collec-

tion would be avoided. Nevertheless, gaps and

omissions were inevitable.

The wal identifiable expenditure on malaria
research worldwide for 1993 il.::sirlg.: 1992 as a
base year) 1s of the arder of $84 million per year
(Table 2.1). Even though this figure may not
include sources of funding that were hard o
detect, 1t is clear that funding for the field is very

low in comparison with other major disease areas.

Malaria research funding in perspective
One way of looking at relative research expendi-
fure on d'llh.'rt:rll I'ji.‘-'l."ilﬁﬂ Al Ilh o ';.ﬂh.'l.l]ﬂ.h.' tJ'II'.'
number of deaths associated with a disease, and
compare this with research investment. A recent

estimate puts l.;|{:-|}.'1|. malaria deaths in 1993 @

2 million (WHO, 1995d}, and comparing this
with the global research expenditure in the same
year |:I-|.'{:l|'|'l TI'I‘L‘ E"‘I'L'H'L'I'I[ 50 I.Id.:lu"] F.‘]":HII,I.L'L'H d H!:'JIIL'
of abour 342 per fatal case. Compararive figures

for ather disease areas are difficult vo obeain, but

rough estimates may be made from data pub-
lished by WHO, as shown in Table 2.3. This
approach suggests that research expenditure on

malaria was about 565 per Fatal case in the early

2 FUNDING INFUTS TO RESEARCH

19905 a simalar esomate to thar for 1993

derived from the present study.

It should be noted that the main difference in
these two estimates 15 that the 565 !"Igllln' 1%
produced by using an estimate of 926 400
malaria deaths per year, whereas the $42 higure
is produced by using the more recent figure of
2 million deaths per year. Comparisons
between data from the present study and from
ﬂgun:-i mn WwHOQ puhﬁumimu suggest thar
global research expenditure per death for
tuberculosis is of the same order of magnitude
as for malaria, However, research investment
per fatal case is abour 80 times greater for
HIVIAIDS, and 20 times greater for asthma
than it is for malaria. These differences are so
great that they will not be markedly affected by
using, alternative |m|a|il;|1|.'d estimates of the

global moruality rate for malaria.

Another way of putting malaria research
expenditure into perspective is to compare it
with well-documented data on research spend-
ing on an established discase in an industrial-
ized nation. Taking cancer in the UK as an
example, 1t may be estimated that the total
public and non-profic expenditure in 1993
(including government and charitable sources)
was abour $225 mullion (based on data from
AMRC, 1994: MRC, 1994; Department of
Health, 1995). This equates to abour $1525
per UK cancer death {using a mortality figure
of 147 461: Office of Health Economics,
1995), If research Illm[ing trom induserial

sources were included, this figure would be

Global expenditure on research per associated death for various diseases

Diseases Annual global research

expenditure (£ million)

Global mortalicy
{1990: thousands)

Estimated global
research expenditure (3)

{estimared from data for |990-1992)*  (Murray and Lopez, 1994)  per fatal case worldwide

(Michaud and Murray, 1996)

(circa 1990)

HIVIAIDS 952
Asthma |43
Malaria &0
Tuberculosis 26
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908 3274
181.3 89
9164 &5
20155 12
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||]|.“.h Ilil_th‘.'l.'. -i.JIL' most .\Ilikirlg I..{“'l.l_']llh-i.[:ll'l 14
be drawn from this is that public research
:\I.'ll'[]ll on 1.||]Ih e Ellﬂ'l.'ﬂ:\'l.', I|:|'l L] ||'|L'|'.‘I-|'|.Hn'
sized nation, 15 more than twice the global

th‘IIEl oan I'II'.{liIF.EiI ]'L'!\L'..IH.'I'I EIH.JJI] .l|.| SORTCES,

.I::I.l'lk'l'l ll"g‘.'[hfl.'. '!'LL' l.“[“.hlh:il“'l Fr"l“'f! lI'I.L':“.' Var-
wous (albeir imperfect) comparisons is clear.
[jihk'-lhﬂi hl.“.'h A CANCCT, 4% "t'i".'ll als l-i I‘Il-rlf.l'.‘l [ ]-}'r
and asthma, receive markedly higher levels of

rescarch ﬁu::ulitlg than does malara (and tber-

culosis). This is true in terms of absolute leve
I:J-f-jll.ll'lliil'll.'. and research spend per dearh.

5

Trends in international support
Internationally, the USA is currenty the largest
contriburor to ma

aria research, However, over-
;I]l hlll‘l.'":'l'r‘ i[] 'I“.' ‘..lr‘".l" I'Iilh I:Jl'.'ﬂ" 'l.!ﬂ.'ﬁ.l.'L'ilh-i"l_’. OVer
the past 10 years. Figure 2.14 presents the
L']l.!flgﬂ: oveT ti]'l]l: III'I. ‘I'H.‘ I'I'I.JIiITi.I HP[.'I'I{I. I:"} II'I‘L'
six largest investors, grouped by geographical
I'I'.'g:i"l'l.. il'l ]'I]-'I.l..l]'i..l | b, % i | h. rII!'I.I.L' I;_"'.'i\'.I.L'!'I.I TI_'{LIJ{-
tion in USA spend can be auributed to the
decrease in the USAID budget. Total malaria
expenditure in the UK has been increasing
over the past decade, and the Wellcome Trust
I'I;Ih- t]L‘LUfI'H.' i rl'lilillr Fl[ﬂ}il‘l h}“[}rl!\lir []r I]Iiil-;triil

research.

The UK also has an increasing presence in
'IHI'H.]i.I'l.E_’| r'L‘:IL':I:T‘.'E'l -_'.'Llrll;'tl O .*.P‘I.'I'.'ilh'.'-ll]}' III'I
malaria-endemic countries. Indeed, the com-
I'lll'l'll'.'ll I'L'!'H.".Irt'l'l E"!I.'Fll'.'rll,li[I]fL' IH'l. th".‘:ﬂ‘ I:"'ll!l]t”ll.‘:i
by the Wellcome Trust and the UK MRC
exceeds the combined ex p:.‘mli:un: of the TDR
Programme and the EU in those same coun-
tries. The Wellcome Trust, with nearly twice
the spend in these countries compared with
the MRC,
endemic countries at an amount which is very
similar to that of the TDR Programme.

supports  malaria research in

Comprehensive data on expenditure by the
]?li\'il.h’.' SeCorn, :I'l.ll'.'h a5 '!1'.' E‘I‘i-'l.ll'l'l;l';.l.‘l][llcitl
industry, could not be obrained. However, pri-
VialE-5ecior i-lllldi.ng I:'II'. rl1.l].|.li:l (Rl |:] i.h
expected 1o be small at present. Nonetheless,

r||r.' Ta]s n'.niru_{ .'I'l".lal.lll‘l I S00me ITIII'F-!L'.LI COLn-
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Figure 2.14: Funding for malaria research from
the major contributors by geographical region
{the reducticn m US spend can be attributed wo a
decrease in the USAID budget)

tries (in particular Asia/Pacific) may lead to
greaver research investment in tropical diseases
by the drugs industry of both malara-endemic

and non-endemic countries.

The current uncertainty in the USA over the
tuture of the so-called ‘orphan drug tax credic’
(Wadman, 1996) may influence investment
inte malaria research by the American pharma-
ceutical industry. The credir, which has had
broad support from the drugs industry, allows
."‘-["L'rllli.-'ll'l L"l'll].'-‘;.l[li.L'h- 8] lIL’lI'lH.[ |!];L|1\ “II EI'H.'
costs of clinical testing of drugs which target
‘.“M.‘JNL':\ ti'l:“ Al rare i" II'I.L' Al]'“:_ri(.:“l F[}F“.I:I-‘l'
tion (defined as affecting fewer than 200 000
.I"-I“L'rllcitl'lh:l. I-]l:'l"\'n'f_"\'f.'r, 'I'l.f.' I_'ri.'l:]I" i]:tﬁ o
expired without a clear indication of s

renewil. This can only reduce the incentive for

industrial investment in malaria research,

MaLaria RESEARCH: &M AUDIT OF INTERMATIONAL ACTIVITY
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MEASURING OUTPUTS FROM RESEARCH

In the previous chapter, an assessment of the funding provided for

research was used as a proxy measure of scientific activity. An

alternative approach to assessing activity is based on measures of

research output. The two approaches are complementary, and

together allow for a robust analysis of the state of scientific activicy in

a particular field,

3.1 BACKGROUND

3.0 Research outputs and research
outcomes

The results of biomedical research iclude both
ouputs — such as new knowledge, papers and
patents — and outcomes — such as the develop-
ment of new products or improvements in health
care. Measurements of the outputs of research,
whth Are rmore -;I"l'_'l:l'_'ﬁ;'t”.'llf_' tl:l-"lll IMEASUrements ETE\.

the outcomes, are explored in the present chaprer.

Direct outputs may be quantified by a number
of methods which assume chat for new
knowledge 1o be of value to a wide audience, it
st I.'Pt' Pl.'lhli'\-hl‘.‘l’i TI“..' |ﬂ‘."t|1{?d :}Fbilll'l:}ml:tri:r.':i
{measurements of publication outpur) is the
accepted approach o assess direct ourput from
scientific  acovity.  Bibliometrics
advances in codified knowledge™ which are
published in international journals, It does not

H.IILIJ‘I; LTS

measure advances in tacit knowledge, nor does it
cover publications which are not included in
peer-reviewed international journals. However,
research has indicared thar there is a high
correlation berween the findings of bibliometric
analysis and other more qualitative approaches
to assessing output (Narin, 1976).

3.1.2 Bibliometric analysis

The current  analysis of malaria  rescarch
employed three bibliometric measures: the num-
ber of }'!uhlii.‘.'tlin:ms. both internationally and
nationally — a quantitative indicator of rescarch
activity; the number of citations to those publica-
tions — a qualitative indicator of the direct impact
of the publications; and the extent of coaurhor-
ship — an indicator of international collaboration.
.Iﬂul'lill}"ﬁﬂ'!'i wWere h..lbl:d an tl'l.“:'l: Vs HI"IH'I}J i.{,'.'lri:}n

MaLaria RESEARCH: AR ALUDIT OF BTERMATICHAL ACTHVTY

~ 1984, 1989 and 1994 — which permiteed trend

analysis over a 10-year !'h.'riml.

An assessment was also made, using acknow-
|t.'1.|gt,'m-:|1r.l. q_unr:,'d i the puhli:.':nr:inn.l., of the
sources of financial support for the research.
Aﬁkﬂ‘}\'\-'ll’llg'.'““.'“t.\ -:tl'l:ll:'f':\i.‘- Ilh o '\':l]l.ld.hl‘.' ""."1."1-
anism which enables FI,IZ]'I[“iiJ'lg_ urgﬂni?a:iu-m. [
identify, in an international context, the exrent
{:Iftl'u:ir L'(]"U'i.hl.l":i'“'l (8] :\-I.'I“.'I'IUI“L' l:]l.“'l‘“[:\. -rl:li.‘-
information helps the organizations to evaluare
the research they support and to develop new
policies for the future. In the present study, this

analysis also provided a double check on the
major sources of funding for malaria research
idenaified in the funding survey.

3.1.3 Limitations of bibliometric
analysis

The databases used for the analyses were the
Science Citation Index (SCI), produced by the
USA Institute for Scientific Informarion, and
the Research Outputs Database (ROD), devel-
oped by the Wellcome Trust. Whereas the SCI
includes citation rates of publications, the ROD
links published papers 1o their acknowledged
SOLITCES ﬂ"-.'«ill ppnrt.

The 5CI has been criticized as being biased
ponwards the UUSA and F.urn]h: in terms of its jour-
nal coverage. Indeed, estimates of the omission in
SCI of publications by scientists in developing
countries 15 as much as 90 per cent {Sancho,
1992). The missing publications, the so-called
'gn:'}' literature’, are ].".ll.:ll'l':ihl'lL‘-rj in local or non-
l:'.nghsh inurn:llﬁ. Thas omission 15 an impﬂn.uu
consideration for the field of malaria, which pre-
dominantly affects developing countries and is of

local interest to researchers in those countrnes,
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An alrernatve dacabase |'IH'I-|;II,I|;' = |:|:.' the USA
Martional Library of Medicine, Medline, is

t|1|::|1.|§__;|1| {0 COVET 3 more {;:unpn;]\:,' nsive set of

journals related o medical research, including
those which are more clinically oriented as well
as those written in a language other than
English, Medline also has the advantage of
providing abstracts for most of its articles. A
comparison of the Medline and 5CI databases
in the field of malaria indicated thar, over
‘:iﬂ'l.l'.'. T]'I\'.' |'|l]|]'||'l|'.']' (}E. ITI.l.l.TIIi.I:ﬂ!.“T"H :'iI'N.‘I:i“I'.' [{a]
(Figure 3.1).

?'I.'!L'.i[l“']'llil.l‘.'. tII!I.' |1um|1-|:r "I. I!'I:..iliITII..I PlLI'll.i!..'.'I-

Medline was  decreasing
tions specific to SCI was increasing, as was the
!'I.ILI'I'IIH.'F ﬂ" I'II]I.'?I]IIIT.:;I."iIII'IH cOommon to hﬁth

Medline and SCI.

A major disadvantage of Medline is that it does
not record all the addresses listed on a paper,
but only that of the first author. Furthermore,
Medline

does not  provide information

concerning citations to published papers. For
these reasons, the bibliometric analysis pre-
sented in this chaprer relied on the SCI dara-
base. However, the Medline database was used

in the subfield an;Li}rsis of € :h;gpn:r 4, where the
benefits of the inclusion of an abstracrt, as well
as the greater coverage of clinical and epidemi-
ological journals, ourweighed the disadvantage
of a limited number of author addresses,

A.h- ] l::ll.:-'l.r]}" []fﬁnlﬂ:i {.:]Il]'l:il.'i_ll Arca, |n'-'|.|ﬂ|'j;l ]}Tﬂ:-
sented fewer problems of definition than
:]thq‘r Moo E'I‘.'l.:'ii{.: ar ml]l'i(li'ﬁl:i.plinﬂ.r_‘r' “ﬁfﬂrﬁh
fields. Published papers were therefore rela-
tively easy to identify. As in all the analyses,
the scope of the bibliomerric studies included
research on the malarial parasite and disease,
as well as vector studies and operational
research. For comparative purposes, some
data on the fields of tropical medicine and
biomedicine are also included.
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Figure 3.1: Trends in output of malaria papers relative to the total number of

records in 5C1 and Medline databases (1 984=1994)
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* Analyves of publication
numbars muy be on the bawg
of integer counts or fractional
couants. In incgper anakyis,
eath country address on 3
pisbbcatsan recemes a whole,
ingle rumber for the
publicanion = & g if a paper
hag o LIK addrais and vas
U5 addresses, each of the UK
and the LIS receves 10
publication count. In
fracrional analysis, each
country address on a
publication receives a fraction
af the tetal number of
country addrestes on the
publication — o ¢ for the
above example, cath of the
UK and che US recenes 005

3.2 METHOLS

The first step in the analysis was to set the
boundaries of the feld of malaria rescarch. A
variety of methods exists 1o define a subject
field for bibliometric analysis. These include
'Ld-:nriﬁ.'ing a spc:-.'i;,ﬂiﬂ inurn:ﬂ Sef Or u.l:ing ]
specialist subject darabase, using co-citation
analysis, applying keywords 1o a general bio-

medical darabase, or miing an international

classification scheme (Balmer and Martin,
1941 ; Rﬁgurh and Anderson, 1993). The
|!'|.I.'TJ'|:I!'|(I Itfil"\ll il'l [I'll.' I'"L'M.'l][ N'lld,-' R kY 'I'I‘L'
application of keywords to a general biomed-
ical darabase.

The field of malaria research was defined in a
two-step process shown below (Box 3.1).
f]‘]'ll'l’.'{‘ r:‘-’FJﬂ.\ ﬂ'F !"'I.IITIIICJti.I:JI'I — ;Irti‘i.'lﬂ."h Mees -'l.l]ll
reviews — were included in the analysis. These
types are considered to contain substantial
original scientiic material (Anderson er al,
1988; Leydesdorff, 1988), Letters (apart from
those to Navwre), meeting reports, news and
editorials are viewed as peripheral and were

thus excluded from the analysis.

In the First step, titles from the SCI were
searched using a sev of precise keywords relar-
ing to malaria research (antimalaria®, malari®,
Plasmacinm or Plasmodia®). Thas step pro-

duced a set of papers that were accepred

unconditionally. In the second step, another

S []F 1{1.'?."“"{JF1JN [I1.IT H.'I.lh.'ll T il]'ltil'l'l.'-lldliil]

b+ MEASURING OUTPUTS FROM RESEARCH

drugs and mosquitoes was employed in a
scarch SITAtEgY thar prf::_{un;q'-,l a broader range
of publications, only some of which were rel-
evant to malaria research. Irrelevane publica-
tons were excluded hg,' w.m’.‘hing for an
additional set of keywords that relared 10
1“'1!’.'[' di:“_'ﬂ!{n;_'[k lT;l]thIiif‘L’ll h}" I'I'I“‘:\{lllll[l:lﬂ:\ oar
treatee with antimalarial E‘I.lll!:p-. The remain-
ing conditional set of publications was then
rI1:I|Il.L:IJ|.:I.' |."L"||'I“."|'r'ﬁ.'l| .Il'l [Jﬂ]:.'r [ L8] t‘]il'l'lil'l;llt.‘ lI]F'hL'
that were obviously beyond the remit of the
study. The resules of this two-step approach
were combined to produce a final total set of
malaria publications. The search strategy is
shown in Annex 1. The field of tropical med-
icine was defined by a similar process
{Lewison and Seemungal, 1995), and data on
the size of the field were included for compar-

AIVE PUrposes,

In order 1o determine the publication outpur
for each country, malaria records identified
from the three-vear sample of the SCI were
analysed on the basis of the addresses of their
authors. Addresses were analysed using integer
I.:ﬂ'l'l.lnTi.:':‘ (Ti“'l.‘:t'ltl]t‘l“l}'., |.|'“.' HFL]FL'!\ ."rhill]l.d |:“."
interpreted as the number or percentage of
publications in which a country participared
11’.15!11,'[ !I'l:l.l'l [I'II'." nn LI1I|H.'r oar 1"L"TG.L'|'|[;IE_:L' l:l’- F'l'l.l.h'-
lications exclusively produced by a country).
This is a useful method of calculating and
assessing |1-u|1ii-;;:Llim: data given im.n:;lhiuy, col-
laboration berween institutions and berween
countries (Katz er af, 1995%).

Two-step process for identifying malaria publications

precise keyword broad keyword
search search
all records accepted records reviewsd
unconditionally before acceptance

N /

Seeps | and 2 combined
(articles, notes and raviews)

of 3 publication count. ME: it
is also possible oo analyse
publication autpat 1 the
mstibutional racher chan the
natesnal vl
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International collaboration/coauthorship index

Mumber of UK papers coauthored with country X

Number of l.-J_I'i.-p;]:lz.r-:;-i_r;t-u_r-natiana.lly coauthored

Tetal number of papers with at least one country X author

Mumber of worlds papers — number of papers with only UK authors

Parterns of coauthorship of malaria papers
berween the UK and other countries were also
analvsed, An index of |._'1:l:il.l[|‘:|1:u'\|1i|_'l wis

calculated using the rotal number of UK

forcien collaborations and the number of

papers produced by the UK and the country

|1q‘i|1§_: studied (Box 3.2).

Financial SUpport for research was assessed |3:|.'
analysing acknowledgements 1o funding bod-
ies and, for intramural support, addresses on
papers. This was done by manually examining,
in hibraries, the ac l';.lml.'.'|-.-d_u,|.-mq.-|1|;=. given on

{'.Il..ll I['I-.l[..ll'.ld }ulhllll...LllliFl'l.

Clrations to papers |1u]'-!|:\|1-.'n:| i 1984 and 1989
were counted for the five years following publi-
1984 o 1988 and 1989 w 1993,
respectively. The citation daa were from all

CAatiem

documents indexed in SCI rather than on just
articles, notes and reviews. Reference or norm
citation values were determined for each set
(1984 or 1989) of malaria publications over
each five-year period. These values delined three
standards of citation frequency = the 10 per cent
norm, the 23 per cent norm and the 50 per cent
norm. The 10 per cent norm defined those
papers which received the most citations — those
which were in the wop decile group of citation

counts. [ he 25 per cent norm defined those

papers which were in the top quartile group of

citation counts, and the 50 per cent nornm
detined those papers which received more than

the median number of citation counts.

A separate analysis was conducted of the cira-
tion counts of papers acknowledging support
from each of the major I'Llru.iint_', OFEANIZAOns
of malaria research. By comparing the citation

profile for each major funding body with that

14

of the combined sample of malaria publica-
tions, it was then possible to identfy whether
the rescarch funded by a particular organiza-
1i"|'| ]l..“.l ] grc.tll.'r (Ll |L'51!“.'r Li.'il'li‘l:ll'l. il'lll".ll.'l l!'l.l.l'l

the combined sample norm.

Given the limitations of the SCI darabase dis-
Ll.lh-:\L'ﬁ.l ;ll“.]‘-'L'. 1.|“.' r'L'hl.l.!t"\- F'lr'l.'h‘."['lt‘l.'lli I:ll'.'l{:l"."-'
should be interpreted with the potential bias

lﬁﬂ‘-’dﬂ.] I'..l.]FU]lL' .IIII'.|. EhL‘ I_'H”'I‘ i J'[]il'll.].

3.3 ERESULTS

3.3.1 Publication output

.I-I'H.' 1“tul| rlll]!'ll'lt'r l:'ll'. rl1:|i.Lli.l IT:EITL'Tﬁ- .“.|.L'|“ iEIiL'l'.‘I
in the three-year sample was 2307, which rep-
resented an average of 17.8 per cent of all
papers in tropical medicine (Table 3.1). The
percentage increase in the number of malaria
publications over the period was 82 per cent,
significantly more than the 50 per cent
increase in tropical medicine papers over the

SAImC ]':u_' r I!'ltl.

The country which participated in the largest
number of scientific publications in the three
vears studied was the USA (Table 3.2). Just
over 37 per cent of the worlds outpur of

The number of international publications in malaria and

tropical medicine, and malaria publications as a percentage of tropical
medicine publications (data based on SCI)

Year Malaria Tropical medicine
(Mumber of (Mumber of
publications) publications)

1984 542 3317

1989 776 4500

1994 289 4960

Malaria as a
% of tropical
medicine

16.3
17.3
19.9

MaLaris RESEARCH; A% AUDIT OF INTERMATIOMAL ACTIVITY



Number of published papers by country

Country Mumber of
malaria publications
(1984, 1989 and 1994)

(- 858

LK L

Framce |78

Australia |36

India 122

Thailand 121

Germany | 06

switzerland 9

Metherlands 78

Kenya 59

malaria pl_ll'hli»:,‘.lljull‘. had ar least one USA
author. This value was similar o 1993 USA
biomedicine publications as a whale. The UK
had the second highest share of global outpur
in malaria at 16 per cent. This was higher than
the overall UK contnbunion o biomedical
research in 1993, This finding is supported by
other data which indicare thar the UK percent-
age publication share ranges, for 16 broad
arcas of biomedicine, from 6.9 per cent in
physiology 1o 16.1 per cent in psychiatry
(Lewison and Seemungal, 1995). Relative o
biomedicine, France and

other arcas of

J'.'Sll.‘il[il:liil W .Ll.!\" II.']-.L!I‘.'L']}' !'-|.F|.'|II§.{ n r|1.|],u i-L

Mational malaria
publications as % of world publications as % of world
malaria publications
(1984, 1989 and 1994)

Mational biomedical

biomedical publications
(1993) (Barre et al., 1994)

L
|

185
i

3
24
[N
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LA o bAoA e @
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research. Three malana-endemic countries —
India. Thailand and Kenva - also had a high

"\II..!F{' ul'glnlml I1t.1|.LI’i.l F”.l.h'lll....l[ll:”]'\.

The malaria publication record for each coun-
try as a percentage of world ol number of
malaria publications is shown in Figure 3.2. It
is evident that there was a decline in ourpur
from the USA from over 40 per cent of the
world ol in 1984 1o <35 per cent in 1994,
Publication share also decreased sreadily in
India. Countries whose share of the output has
increased since 1984 included the UK, France,

f“'n.rjl.rcrth ."'I.l.l‘-ll..illi.] .-Ilii.l. .I.lldil.illﬁ.l.
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Figure 3.1: Analysis of malaria publications by year from the 10 countries with the highest
publication output
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ASLURINC O

FPUTS FROM RESEARCH

1.3.2 International collaboration

[ dara on q,'n,1|.:||;hq:unh'tp in the Iulhlim[innh of

1984, 1989 and 1994 were averaged to give an
indicarion of the extent of collaboranon over a
10-year period (Figure 3.3). A toral of 142 our
of 378 UK papers |1-L:||:|]i':|1|.'t| in these years (38

per cent) were internationally coauthored. The

Lu.uuiuwhhjp imdex indicated the streneth of

collaboration in malaria research berween the
LK and other countries. The |1|5_:|1|.':r the index,
the stronger the association berween the UK

and that country. A value greater than 1.0 indi-

hat collaboration was greater than mighe
be expected, given the number of malaria

CALCs T

papers produced and coauthored by these

countries internationally.

."'l.h "'II!:]H ITI.' I.'Tﬁ.l"‘l.'L |{'1.I. [ht‘ rli.':\-l.:lll'\ i[]llii.'.liﬂ.' !I'I.;I.'
UK collaboration was very high with the three
'l.'('ll.l]'l.ll'i'l.'h i]'l. '\'i']'l.lk I':I II'I!.' "\-"Q:'IL'”L'I:”I'H' r].I.'ll"il -|.|'|1.i ‘I'I'l.'
MRC

Thatland and The Gambia.

have their units overseas - Kenya,
-i-]'l.l'.'l."l.' Wk ..I.IM:I
high collaboration with Malawi and Papua
Mew Guinea, indicating that additional inter-
national links exist. High UK coauthorship
with Papua New Guinea can be accounted for
mainly by collaboration with Australian scien-
tists who have established field research links

there. Collaboration was lower beoween the

Rk "N

Coauthasifip indax

)

mHEN

o
Sn_-:-*- -tht d"j? 2
F o

@9

Lﬁ-

[IE‘\ -:l."lj lLL'll-'l.‘llI ].:.l.lnﬁl"‘L':.Irl I'.'“I.l[!tf:iﬂ.'.‘: :H'l.l'j tl'“‘
USA. UK coauthorship appeared primarily o
reflect collaboration with malaria-endemic
countries, rather than g::ugr.ap]t:i::.ul prowimicy.
As the wtal number of UK malaria papers is
rrl.at'u.'ul}' small, 1t should be rs:-.'ngni?.fd that
collaboration by individual researchers may

influence the levels nE'-.'u.uulmr.\h'er with other

COUNCEIes.

3.3.3 Acknowledgements to funding
organizations

The main funding bodies supporting

malaria research are listed in Table 3.3 and
Annex 2. A total of 2242 publications were
examined for this analysis — 65 out of the
2307 ma

th' k',('] were not IIZ"-L'.'I.‘H.'ILI. |IJ1.'[III.'L' I.lliltl.il'l.!_"

aria publications identified from

acknowledgements for those publications

L'EJL]IlI nod ]JII.' ll{"l‘rl]li]ll’d. ."ILII l.':":PHL'h
acknowledgement o one or more funding
bodies was dentified in 78 per cent of the

publications examined.

Owverall,

.LL';C. IIH!I'I.".'I.L'{IFL' menits

the greatest number of funding
the TDR
Programme, followed by NIAID, the USA
UK MRC,

Wore L{4]

|}r|1-.t:r[|1w[1[ of Defense, the

USAID and the Wellcome Trust.

'\3

\}
a,

c:» o *'

.gf"

s‘p "r

Figure 3.3: International collaboration with the UK in malaria research (1'784=1994)
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™ The Warld Bank, the
UNDF and the WHO
co-gpomes the TDR
P'l'%r.]ll'l’ﬂ(' Hicrenirwinr, iy
COoUNEres and organzrons
Alin maki hndsdsl
contributions 1o the
Pregramene (fee Chapter 1)
The figure of 412
akncredidped papers is
derived from a comman 417
papetrs ackrewledgeg each of
the Programme co-ipandart
Wyl boch the UNDP and
the Wiorld Bark had 413
papers acknowledged, the
WHO had 507, The sdditeansl
5 WHO-acknowdedged
AL wird S rgd 10 B
funded through research
pregramenes ather than TDR
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Bcknowledgements to funding bodies (1984, 198% and 19%4)

Funding body

il

TOR Programme

Mational Institute of Allergy and Infectious
Driseases (NIAID) (LISA)

US Department of Defense

Medical Research Council (LK)

US Agency for International Development (LISAID)

Wellcome Trust (LK)

Papers acknowledged

412
294

206
| &0
|49
|34

Australian Magonal Health and Medical Research Council BS

Centers for Disease Contral (CDC) (LISA)
Institue Mational de la Santé et de la Recherche
Médicale (IN3ERM) (France)

The acknowledgements data compare well

with the analyses of funding suppont
{Chaprer 2), with all the top tunding organi-
zations appearing as the most frequently
-it'l‘:"‘}'\'i']l.'dgi.'d MOLITLCS (J}‘hllj‘l"l?rt. |:‘[:II,.‘|.'|:_",.'L"[, )
number of organizations appeared in the
funding acknowledgements but not in the
survey of funding. This was possibly a result
of the difficulty in idenrifying the less obvious
tunding bodies located in developing coun-
tries, These mcluded, among others, the
Indian Council of Science and Industrial

Kenya Medical Research
[

all'll].l NL“."-' I:.:lliilll'_'.'L FH"."-L'T!J-

Research, the
Institute, the
ment, and the Health and Family Welfare
Ministry of India (see Annex 2).

| EET
| 1989
L] nesa

MIAID WT MRC

Figure 1.4: Publication acknowledgements by year for the six
largest contributors to malaria research
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Four industrial organizations were also identi-
fied in the acknowledgements analysis (see
. Hoftmann-La Roche, SmithKline

Beecham, Wellcome Foundation [ Wellcome

Annex 2)

ple (mow Glaxo Wellcome plc) and Imperial
Chemicals Induseries were each acknewledged.
These commercial organizations ¢ ||.'.ir|:|.' had an

interest in malaria research, but it is not poss-

ible with these data alone to assess the extent of

their investment.

The acknowledgements analysis far the six
l;j|'§-.--[ contributors is shown in Figun.' 3.4,
The results are expressed as the percentage
share of the world’s malaria publicarions in
each year. The analysis indicated that both the
Wellcome Trust and the MRC

increase in their percentage share of warld

showed an

|1-|.|h|i4;;i[in|'|:. over each of the wo puriml:\.
from 1984 1o 1989 and from 1989 o 1994,
The percentage share of acknowledgements o
the TDR declined over time, as did those 1o
the US Department of Defense. There was
some fluctuation in acknowledgements o

both USAID and NIALD.

3.3.4 Citations to publications

Ciations to malaria papers |1-uh|ish:.'-.| in 1984
and 1989 were analysed for the five years fol-
lowing publication. The results of the analysis
for the entire set of malaria papers ]ml:liuhul in

1984 are presented in Figure 3.5, This analysis

ET)

AR



defined the reference or norm citation values
for that year. Half of all 1984 malaria papers
had five or more citations in the five-year
period Il]]h:lw'mg publication — the 50 per cent
norm, One-quarter of the publications had 11
or more citations — the 25 per cent norm.
Finally, one-tenth of the publications had 23
or more citations — the 10 per cent norm.
Thus, any papers which received 23 or more
citations were in the wp decile of the entire
1984 ser, |"Jp¢rx which received berween 1]
and 22 citarions were in the wop quartile, and
those which received berween 5 and 10 cita-
tions were above the median of the entire 1984
ser. A similar analysis idenuified the norm val-
ues for the 1989 malaria publications: 4 for the
50 per cent norm, 11 for the 25 per cent norm,
and 22 for the 10 per cent norm.

The citations o those publications which
acknowledged the six largest contributors were
analysed separately in
whether the research which they funded had a

order o identify
El'l.';ltﬂ.'l ll'l.il" \'.'.'CI'IL'C!L‘E{ i.l'l.'lF‘ﬂl.'l III'I I'ﬂ.'lilti.[][l Lo
these norms (Figure 3.6). As a consequence of
tI'“.' int::l.{i:r-uull[lt'l!‘:g :I'I]L"I'I.EH.I I.IM.'I'j III'I tl:“.'
analysis, those papers which acknowledged
maore !I].ill'l. e E.I.Il'll.l.i rlg SMITCS WETe ;.ittl.'il"]tﬂl'.{
to more than one funding body. Thus, the
analysis must be interpreted as the parucipa-
tion of a funding organization, and not neces-
exclusive

sarily  the support  of  thar

organization. Furthermore, the small number

Percentage of all 1984 malaria papers

of papers involved in parts of the analysis - for
L'KJ'H'HP]L', thl..'l'ﬂ' WCEIo [“'II}' 11 p.'l!_'“.:r}; ﬂ.i'.:l{ﬂlm-
ledging the Wellcome Trust in 1984 — should
|:“.' l'ﬂl:"lglli.i'l"d. E::i[-'tl.i'"'l.‘i [E4] -."|.|.I ﬁll]ll]‘l]g |llgﬂnj-
zations excluding the wp six were aggregated
;l]“.l il'H_'I'l.“.h.'d i.l'l. 1.h‘.' ;l";ll.:-r:i:i.l; ﬁ}r L‘IJJ‘I]EJ.‘-[I.].I!'WE
purposes. Likewise, citations o papers which
'Ijlld. not .'ll;lkl'l{:l'l."-'lt."dgt: -;"'I._'!:" 'I"l]di.“g h‘lld_'l.' Wi
aggregated and included in the analysis.

Papers acknowledging the support of the six
largest investors in malaria research had more
citations than the aggregared set of all malaria
papers. These results indicate thar the work of
the six largest funding organizations had the
highest direct impact in the published malaria
literarure.

Comparing these top six funding bodies, three
organizations = USAID, NIAID and the MRC
~ had a partcularly high proportion of their
papers in the top decile. By definition, it would
be expected that these organizations would
each have only 10 per cent of their papers in
the top decile, if their performance was in line
“i[hl thﬂ.' “'ﬂrld NOC. H{J“'I'.'"f'ﬂn .I]E had maore
than 20 per cent of their papers in the wp
ﬂ.lﬂﬂ.'llll.'. r].—'I'Ill.' TL'ITI-'I.II]'I:i I]E t}'ll'l."l.' ElI.IJ'“lII [Ig IH?dI“.'S =
the DoD), the Wellcome Trust and the TDR

I"‘I‘ll PEAITIIME — WOre ."I.l.!iﬂ “‘L"". lL'FI'L'.‘i-L'I'I.Ii’.'d IIZI'I |I'LE

ile. Each of these organizations had

more than 10 per cent of their papers in the
top decile.

o e e ey e e TR

0 1.4”5 8 1012 14 16 18 EEI 12 4 Hn H' 31033 35 38 43 46 48 52 57 40 42 £8 73 91 .. 234
Fiveyear citation numbers per publication

I8

Figure 3.5: Morm
citation values for
malaria papers
published in 1784,

The graph shows that 50%
of all matara publications had
5 ar mare SEaond in the
five years Tollawing
publication; that I5% of all
madaria publications had 11
aF S CAnnens in the ame
pericd: and that 10% of 28
malaria publications had 13

or maore ciation in the wame
peierioed.
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Figure 1.6: The percentage of papers with five-
year citation numbers greater than or equal to
the norm citation value for 1984 and 1989:

{a) the top decile, (b) the top quartile, and

{c) the top hall of citations. The analyses include
{i} those papers acknowledging each of the six
largest contributors, (il) those papers acknowledging
all other funding organizations including those
papers with no acknowledgements ("all others'),
and (iii) those papers with no acknowledgements
{‘none")
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i MEASURING OUTPUTS FROM RESE

Ohver time, the percentage of USAID publica-
tions in the top decile decreased in 1989 o
half of whar it was in 1984, Downward wrends
were also exhibited by NIAID, the TDR
Programme and the MRC. An upward trend

was exhibited l‘r‘!.' the Dal). The Wellcome

Trusts representation in the wop  decile

rL']T!-'l.“'l.L'd .ktiIiTlL'.

Full details of the 10 most highly cited malaria

papers of 1984 and 1989 are given in Annex 3.

The most highly cired paper of 1984 was sup-

ported by the DoD), the Mational Cancer
Institute and NIAID. In 1989, the most
I:ighl:l.r cited paper was ‘.lll}P:'l-lh.‘w.l by the
Burroughs Wellcome Fund, the FNES in
Switrerland, the Mational Institutes of Health,

Sandoz Stiftung, the Wellcome Trust, and the

TDR Programime cosponsors.

3.4 SUMMARY

The bibliomerric analysis was based on publi-
cation records in the SCL It excluded grey lic-
erature published in local or non-English
journals. Estimares of the size of the grey lirer-
ature are difficule to obrain, but work on the
science  and t-.'r;hnt:rh:g_'l.' community  in
Thailand has suggested that international jour-
nal publications may torm only 9-10 per cent
of that country’s toeal scientific literature
{Anderson, 1991). This value is much in line
with previous calculations that the SCI misses
M per cent of puhli:,'.tl 10015 l'-'_l.' SCICnLIsts In
992},

LJ rli';!lrl LV [ZI.LH.'I:'.'. o .k:l-'i-[L'" 1At i.l_' Aan illl‘|'h i s ool ULIi]}H [s

developing  countries  (Sancho,
im the grey liverature 15 not pn“ihlc given that
it is not included in any comprehensive dara-
base. The analysis in this chaprer therefore
only gives an insight to publication perfor-

mance in the internatienal sciencific liverature,

The number of malaria PlLl:'I-liC.liiIth waorld-

wide low. However, their number

increased by 82 per cent over the period 1984

Was

to 1, E:::urnp:l.lr_':l with other helds of bio-

medicine, malaria publications accounted for
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,Lppluxinld[tl}' L3 per cent of the world's tocal
biomedical research output in 1994 (based on

PRISM estimate of 325 000 biomedical
papers per annum). This E'Lgnn' can be com-

pared with thar calculated for cardiovascular

|:in]ng:|.'. which contribures 18-19 prer cent of

the world’s biomedical research (Rogers and

Anderson, 1993),

The largese producer of malaria papers in the
three years studied was the USA, bur the trend
in the USA over time 15 downward. The num-
ber of publications by the UK was strong on an
international basis and the trend with time was
upward, Papers supported by the Wellcome
Trust and the UK MRC were increasing with
time, thus accounting for much of the increase
in the UK total. These trends in output mirror

the trends in funding (C

rapter 2), thus pro-

viding further confidence in the hindings.,

An average of 38 per cent of all UK papers
were internationally coauthored. International
1.'!:}.I.III:|H.:IF'\11|P Was Very hi.gl'l I'H.""-'\'L'E:[] thi.' LII:\
and the three countries in which the Wellcome
Trust and the MRC have their units overseas —
Kenya, Thailand and The Gambia. However,
collaboration was also very high with Malawi,
Papua New Guinea, Tanzania and Swiczerland
— suggesting that additional collaboracve links
exist, Geographical proximicy with the UK did
naot .lE}pn‘.lr [in ITL' A il'l'lF“lrl.'l"[ '.ull..'[lflr mn LlL'TI.'."r-
mining coauthorship in malaria research.

International  collaboration  in  scientific
research has been idendified more as a feature
of tropical medicine research than of other
arcas of biomedical research (Narin and
Whitlow, 1990). This feature is supported in
the current analysis by the high coauthorship
in malaria, compared with cardiovascular sci-
ence (Anderson er al, 1994). In malaria, the
maximum coauthorship index was 5.0, as
compared with 1.6 in cardiovascular rescarch.

As with the global pattern of ourputs, the

The organizations receiving the highest num-
ber of .u.']{|1u'u.'l:.'dg:,'n11.'1u.-. were the TDR
el and
MIAID. .-"u_k!:H:'|.1."||.'|:igu|m'nh were also |1'Lg|1 for
the MRC, the Wellcome Trust and USAID.

-I-]lL' .ILI‘&]I(‘\"-’]L‘{]l_’.ﬂ.‘I1lt"[![ l'.|.il1..l iijl.‘"!l”t‘l’j M.'"\"L'l.]l.

Programme, followed by the
sources of support in the private sector.

A rough analysis of the acknowledged participa-
tion in published papers by the six largest

contributors, relative to their financial invest-
ment, was conducred (see Figure 3.7). The
.m.nlllr'-»:in was based on papers |1|,||1lis'|1u_'d im 19
and on funding in 1990. This four-year time-
lag was selected because of limitations in data
availabilivy. However, most research is probably
published two to four years atter receiving fund-
(PRISM, unpublished data).

Nonetheless, caution is urged in the interpreta-

ing support

o Ul.[hf; I'i.'h-l.l]lh- I"'EL;Ill.?l'i.' [hCL"L' i:" mo dllli.'ﬁ.[ or
simple relationship berween inpurt and output,
especially over any delayed period of time.
Furthermore, no atcempt has been made to
account lor I_H-Ill.llll'.l.-lill:f.:_{ of research which may
vary greatly berween organizations. Likewise, no
ACCount was !-I.li.‘L'I'I l:Jr\';lri-I.I.JII.' U'r'l.!]'].lnL'illii li.'.'ﬁ.F“'J Ldi-
ures associated with research. These also vary

with country and with funding-body tvpe.

The analysis indicates that between three and 23

acknowledgemenis 1o the largest contributors

I e ——— e

Il,'l':
5 i
I
B
[

USAID NIND

Mo, papers per UISE million inestment

international collaboration pattern in malaria Figure 3.7: Ratio of the number of 1994 acknowledged
papers to 1990 investment for the six largest contributors,
[MB. 199 lunding data were unavailable for che MRC: it 988 figure has been

uied indtead)

rescarch is substantially ditferent from thar of

ather research areas.
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were made in the scientific licerature for every
million dollars they each invested. The TDR
|"mgrammu; and the Wellcome Trust had the
highest number of acknowledgements per unir
of investment. These were very closely followed
by the MRC. The DoD and NIAID had fewer
acknowledgements per million dollars. Finally,
the USAID had the fewest acknowledgemenis —
Fﬂuglll}' 5{'\"1."1&}][' IL'?iﬁ I.I:I-'u] 'FI}R ;ll'l.{] lI'IL'
Wellcome Trust per million dollars invested.
However, interesting though these findings are,
they should not be taken to represent greater
or lower levels of productivity by different fund-
ing bodies. The costs and nature of the research
supported by different agencies may vary greatly.

ed thar 1984 and 1959

publications which acknowledged the support

Citation analysis revea

of one or more of the six largest contributors
were more frequently cited than papers which
lIi(I not -'tl'.'l‘il'“m'lﬂ.'ljgt t]'l.l'.'hﬂ.' nrg.uli.t.‘tliuns.
Indeed, these six funding bodies had on average
twice the expected percentage of publications
in the top decile.

MNIAID and the MRC had more of their papers
in the higl:-impaﬂ set (top decile) than other
funding bodics. These organizations which
had a high citation impact were followed
1',""!11,']}" |:|-:,.r the Wellcome Trust and the Dol),
which were in turn followed by the TDR
Programme and USAID. For most of these six
ﬂ.m:jing bodies, the pmpurrinn of thewr papers
in the high-impact set remained stable over
time. The exception was USAID, which expe-
ri.'l','.l'l[.:{.'\ll al di.'l:]lErl.ﬂ il'.l Is I}r[]p[]rtiun []F J'I:igl'l—
IMpact papers over rime,

Based on these analyses, it is evident thar the
rescarch supported by each of the six largest
contributors has had high citation impact
internationally. However, this analysis is based
on only a narrow interpretation of the term
‘impact’. Publications and citation dara can
only indicate the influence of a piece of research
within the scientific research community; that
is, among other rescarchers and malariologists
who publish papers. Bibliomertric analyses say

MaLaria RESEARCH: AN AUDIT OF BITERMATHONAL ACTIVITY
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nmhing abour the broader achievements of
malaria research, its potental impact for
improving health care, or the nature of barriers
to the implcnu:nl:ltinn of research Eruling:‘.
These issues require a more qualitative
approach based on expert judgements and sys-
tﬂ'l'l'lill'il' lll?i.l'llll:}l.'l SLACVICYL {TI‘I.].[]“.'F.‘- 3 ﬂ.!]d {l
report the results of aciempts o undertake such
survey work.

As a precursor to this, it is important also to
stress that malaria research is not a homogen-
eous activity, and that a number of distincrive
sublfields of inquiry have become established
over the vears. Understanding trends in activity
within these subhields is as imporeant as under-
standing overall trends in malaria rescarch as a
whole, when developing funding strategies.
The next chaprer, theretore, reports the resules
from a derailed analysis of inputs to, and
outputs from, a number of important subfields

of malarna research.
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SUBFIELDS OF MALARIA RESEARCH

Whereas the previous chapters have analysed research activity in the

field of malaria as a whole, the current chapter examines activity in

the main subfields of malaria research. A classification system was

designed for the division of the overall field of malaria research into a

series of defined subfields. Bibliometric analysis was based on papers

published over a | 0-year period in 1984, 1989 and 1994, Papers were

classified into subfields to assess the relative productivity of the

different research areas. An analysis of the first-author addresses gave

an indication of the geographical spread of research activity within

each malaria subfield and also highlighted the particular research

strengths and weaknesses of individual countries.

4.1 BACKGROUND
The databases used for the current analyses
were  Science Citation  Index  (SCI) and
Medline. The Medline database had the dis-
tinct advantage, in the current analysis, of
including an abstract summarizing the con-
tents of the paper and enabling its classifica-
tion into a particular subficld. Papers which
appeared only in the SCI database, where no
abstracts are provided, had to be classified by
title alone. As this analysis was restricted to
first-author addresses, the results should be
jl:l“:rF.‘TL'“:d I:H.'il]'lli'lg_ :ill I]'I!II'III i.l'l.rﬂfl'.l-'lril"l:l] {.:[}l-
laborations. As indicated in the previous chap-
ter, 3B per cent af all UK malaria papers
recovered from the SCI involved international

Cll".’lt}llrﬂ.[lllilll.
TI'LL' LI I'II. I'HI“'}I l.lﬂ[ill'lilﬁl.'.‘i F.l]'ﬂ'l."lli.{t.!{{ a I'l'li}l.l."i.r

subfield coverage. As mentioned in Chaprer 3,
the Medline darabase has the a{l'.'m:l::lgt; of
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covering a more comprehensive set of journals
relevant to malaria research, including some
published in both local and non-English-lan-
guage journals, A comparison of the two dara-
bases, which was required as a principal step in
the analysis in order to eliminate any double
entries, revealed certain differences in the cov-
erage of both journals and subfields. Whereas
Medline caprured significantly more papers in
the fields of clinical medicine and epidemiol-
ogy, the SCI caprured more papers relating to
thL' q:l'll..'mixlr:,' I;_}'Fﬂl.'lt i.I'I'IJI;Il'IHI! l.lrugs.

ﬂl] inPut—ﬂ“tFut assessment l.'llh t]‘lc huhﬂﬂld}
was made in the context of malaria research
Fulldﬂl I,):p' 'I'lc wﬂ..']h,ﬂ“lﬁ Tru.‘it. Tu C]‘lal’;l': I!l.'l'i?.t.'
the portfolio of malaria research supporred by
the Trust, the subfield classification procedure
was applied to Trust grants awarded berween
1984 and 1994 and also to papers u::klluw]cdga
ing Trust support that were published in three
selected years.

MALARLA RESEARCH: AN ALUTHT OF INTERMATIONAL ACTIVITY



¥tee Chapter 3 far detads

on bibliometrs; wechregques.

"'Grants bo units are not
directly equivalent 12 the
Gther award types since they
may be for individual items,
susth 31 equipment, rather
than for a2 defined research
pragramme. See Chapter 1
for details of award types at
the Wellcome Tru

4.2 METHODS

4.2.1 Bibliometric analysis

The classification system for malaria research
was designed by the scientific staff of the
Wellcome Trust in consultation with the
Steering Commitree for the study. The overall

field of malania research was first divided 1nto
cight major categories (A-H). These categories
were then further subdivided into a total of 14

minor subfields (1-14), Particular attention
was paid to defining potential areas of overlap
between subfields. The resule was a classifica-
tion system that consisted of a series of closely
defined subficlds thar were, as far as possible,
non-overlapping. Full details of the classifica-
tion scheme and of the scope of cach subfield
are given in Box 4.1. Throughout the text in
this chapter, letters in brackers refer to research
categories {(A-H) and numbers in brackets

refer vo subficlds (1-14).

The search strategy desenibed n {':lmptt:r 3
was applied 10 both the Medline and 5CI
darabases. As before, original research was
identified from SCI by .'il:lr,'q:tin[; three types of
publications — articles, notes and reviews. On
the Medline darabase, original research was
identified by selecting from one type of publi-
cation — articles.

Each malaria research publication was classi-
fied by inspection of the tide and, where poss-
ible, on the basis of the information given in
the Medline abstract. The subficlds were
defined in such a way that the majority of pub-
“Caliﬂ“s :.'nl.l|1'] .l.'“: a.fiﬁjgl“.'d o one Huhﬁfld
only. These publications were counted using
integer counting.” However, there were
inevitably some papers (0.9 per cent of all pub-
lications) that spanned more than one disci-
pline and in this sitwation, fractional counrs
were assigned. Biology, biochemistry and
generics of Macamodiem had the most m'crlap

ds.

between subfie

Each paper was also idennfied as ercher ‘clini-
cal’ or ‘non-clinical’. For the purpose of this

Mararia RESEARCH: AN AUDIT OF INTERMATIOMAL ACTIVITY

I.'L'VI!E“'-, e | t}l’{liﬂ] {!l.'“:l'l.iti.[]n {:I:F L'I:iHi.I'_'EI Wik
employed such that it included all swudies of
malaria in humans. Full details of this defini-
tion are given in Box 4.1,

The addresses of first authors on papers pub-
lished in 1994 were examined o assess the
contributions of different countries to |1:|rtiﬁu-
lar areas of malaria research and wo characrerize
national strengths and weaknesses. Analysis of
tl'“: .".Id.lﬂ.‘uiﬂﬁ- I:]F .'I" ﬂl.ltl'“'“h' Walh IOl Fi?.‘i!‘iihl#‘
because of the limited address information
available on Medline records.

4.2.2 Funding analysis

Cirants awarded by the Wellcome Trust berween
1984 and 1994 in the ficld of malaria research
were classified into the 14 subfields according o
the research description on the original gramt
application. The majority of grants, awarded for
rescarch of 3-5 vears’ duration, had a broad
scientific scope. Consequently, there was a ten-
dency for grants to span more than one subfield.
Fractional counts were assigned to subfields in
this situation and no attempt was made to
estimate the emphasis of the grant in different
areas of research.

The distribution of Trust-supported research
across the different subfields of malaria
research was caleulated on the basis of ex p:,'nrjl-
ture and on the basis of the number of grants
awarded. For the analysis of expenditure, data
alre prl.'.l;r_'ntl.'{l h‘]rl! i:l'li.:|l:|l;|ir.|g il]'ld. t.:x{;lllding_
support for the overseas units. Research carried
out at the units was judged to span a number
ufdiﬁi.'n.‘ nt Hllhﬁﬂ:lilﬁp I“]t ]t was nof Pimihl:l.' o
determine accurately the relative subfield
emphasis of the research programmes. Hence,
i.l'l ﬂﬂll:'l.llati.l:]nﬁ []:I'-L'x Flt:nditi.tn:. thﬂ COss HHEK.'II'
ared with overseas units were divided equally
berween the relevant subfields. For the analysis
“l'- gfil]'lt Illln'lhflﬁ-. -1.“ 3'\'\'3“’]5 i.l'l tl'“.' ﬂ]‘l’l'ﬂ U'l'-
fellowships, project grants and programme
grants were included, bur grants 1o support the
Trust’s overseas units were excluded.” However,
research ar the unis is reflected, 1o a significant
extent, in fellowship awards to principal

a3



I I: Malaria research classification system

(A)1,2

(B) 3.4

(C)5.6,7

44

Antimalarial drug discovery and development in
vitre and in animal models, and the biochemistry
of drug action

Antimalarial drug discovery and development in
vitra and in animal models

Measurement of the activity of potential antimalarial
drugs in animal models and in vitre models of
malaria, Anumalarial drug pharmacokinetic, toxicity and
metabolism studies m vitre and in animal maodels.
Chemistry and synthesis of antimalarial drugs. Anakyrical
tests for assaping anumalarial drugs.

Excluding: Antimalarial drug pharmacokinetic, toxicity
and metabolism studies in humans. trials of antimalarial
drugs and combinaticns of drugs in human malaria
patients to establish efficacy (—=8). Effects of drugs on
immune seapus {—=3).

Mechanisms of drug action

The biochemistry of drug action on Plasmodivm. The
mechanisms of parasite ressstance to anumalarial drugs.
Analysis of genes involved in drug resistance.
Characterization af drug-resistant strang of Plagmoedm,
Tests for drug susceptibilicy of parasites.

Excluding: Epidermiclogy of drug resistance (—=1 1)

Immunalogy, vaccine development and vaccine
trials

Immunology and vaccine development

In wvivo and in vitro studies on the protective immune
response (cellular and humaoral) of the mammalian host
e malaria. Immune response to partcular antigens,
including variable antigens. Population studies of human
immunity to malaria and the effects of antimalarial drug
treatment on immune status, Yaccine development
arudies and studies of adjuvants for malara vaceines.
Studies on the genetics of the immune response to
malaria,

Excluding: Vaccine trials { —4). Studies of the pathology
of malaria (—+9 ). Cloning of candidate vaccine antigens
{—7). Epidemiology studies of the effects of specific host
genotypes on malaria transmission and prevalence

{==1 1}. Biochemical characterization of vaccine candidate
proteins [ —=6).

Human vaccine trials and vaccine review articles
Traals of antimalaral vaceines in humans o establish
safety and efficacy. Reviews on the status of antimalarial
vaccine development,

Excluding: Preliminary studies of malaria morbidity and
martality in vaccine study area (— | 1),

Biology, biochemistry and genetics of Plasmodium

Biology of Plasmodium

Structure and morphology al different developmental
stages. Host-parasite interactions. Biclogy of invasion of
host cells, Localization of parasite proteins or antigens,
Culture of parasites. Purification of parasites or parasite
stages. Descriptions of species of Plasmodivm and
characrerization of malaria strains in animal models

(D) 8,9,10

{course of infection, suscepuibility of different hosts).
Studies on rosetting, sequestration and adhesion of
infected erythrocytes in which pathological consequences
are nat examined. bn vitro studies of interactions between
Flasmodinm and other infectious agents (e.g. EBV),
Excluding: Studies whose primary focus is the
patholegy of malaria {—9). Studies of the molecular basis
af host-cell invasion, rosetting and sequestration (—=6).

Biochemistry of Plasmodium

Metabalism and nueritien. Enzymology. Translation,
processing and export of proteins. Protein sequences,
protein and enzyme characterization (including antigen
analysis). Glycosylation, GPl anchors, transporters, ion
channels, mitochondrial metabolism, electrophysiclogy
studies. Influence of parasite on host-cell biochemistry.
Characrerization of antigen/protein diversity in straing of
Plazmodium, Characterization of proteins involved in
sequestration and rosetting of infected erythrocytes and
of molecular basis for host-cell invasion.

Excluding: Papers primanily on meéchanisms af
antimalarial drug action (— 2). Immune response o
particular antigens (—=3). Pathological consequences of
parasite sequestration [—9).

Genetics of Plasmeadium

Studies on chromosomes, Genomic maps, Genetic
crosses. Cloning and sequencing of genes/cDMAs for
functional Plasmodial proteins (incheding drug targets and
vaccine candidates). Expression of proteins from cloned
genes. RMNA analyses. Control and timing of expression of
genes, Post-transeriptional processing. Genetics of
antigenic variability. Technigues for the genetic
transformation of Plesmodiam. Studies of genetic diversity
and phylogeny. Tests for genotyping Plasmodiun.
Excluding: Analysis of the penetics of parasite resistance
o antimalarials {—2). Epidermialogy of antigenic
variability [— | ). Diagnostic tests for detection of
malarial parasives (—13).

Clinical treatment and prophylaxis of malaria,
and pathophysiology of malaria

Clinical management of malaria and antimalarial
drug trials

Antimalarial drug pharmacokinetic, woxicity and
metabolism studies in humans. Trials of antimalarial drugs
and eombinations of drugs in human malaria patients o
establish efficacy. Drug treatment and prophylaxis
recommendations, Development of drug treatment
regimens for particular clinical presentations of malaria
(&.g. sewere malaria. cerebral malaria or malaria during
pregnancy, drug-resistant malaria). Case history reports
and studies of antimalarial drug side effeces.

Excluding: Malaria prophylaxis recommendations for
nan-immung travellers to endemic countries, Diagnosis
and treatment of malaria in nen-endemic countries
{—=10). Studies of social facters influgncing drug
prearment and compliance. Assessment of long-term
prophylaxis in commanities in endemic areas, Health
service research (—=|2). Repors on drug-resistant
sorains of Plasmodium (—1 1)

MaLaris RESEARCH: AR AUDIT OF INTERMATICHMAL ACTITY



(E} 11

(F)12

Pathophysiology and disease symptoms of malaria
Clinical diagnosis of malaria and ¢linical observations of
the disease presentation and pathephysiclogy of malaria
in humans and in animals {e.g. observations on cerebral
malaria, malaria during pregnancy. mild malaria),
Interactions berween malaria and other concurrent
infections. The rele of nutritional status in determining
disease severity. Histopathology of malaria in humans and
in aninnals. The mechanisms of pathology in malaria,
including the role of the host immune system, expression
of adhesion molecules ecc. Soedies of the mechanisms by
which parucular suscepublefresistant mammalian host
genotypes exert their effect.

Excluding: Epidemiclogical studies of malaria prevalence
in relation to human genotype (—=1 1}, Studies linking (G) 13
immunity te malaria o specific genorypes (—+3).

Malaria treatment and prophylaxis in travellers
and migrants

Malaria prophylaxis recommendations specifically for
short-perm visivors o malaria-endemic areas. Diagnosis
and ereatment of malaria in individuals in non-endemic
countries. Case reports of malaria in non-immune
travellers 1o endemic regions. Import of malaria by
migrants to nen-endemic arcas. Prophylaxis in army
personnel deployed o endemic areas.

(H) 14

Epidemiclogy of malaria prevalence and severity,
and mathematical modelling

Epidemiclogy of the distribution of species of malarial
parasives and mosquito vectors, and of the prevalence of
marbidity and mortality due to malaria. Soedies of the
biclogical, environmental, social and economic
determinants of malaria transmission dynamics and of
malaria prevalence (e.g. roles of human behaviour; vector
behaviour, ecalogy and epidemialagy; incculation rates,
host genetic factors, Plasmodium strain variation etc.)
Epidemiclogical studies of genetic factors influencing the
prevalence of malaria, including sickle cell genes,
thalassaemia, HLA type etc. The impace of malaria on
selection for particular host genotypes. Eprdemiology of
resistant/susceptible strains of Plasmodanm to antimalarial
drugs and af mosquita vectors to insecticides.
Mathematical modelling of malaria (e.g. of malaria
transmission and of human immune response to malaria).
Excluding: Studies of the effects of control interventions
on malaria transmission. Morbidity and mortalicy as a
resule of malariy (==12), Studies an the mechanisms by
which specific mammalian host genotypes influence host
immunity (—3) or pathalogy (—9%). Smidies of vector
ecology and behaviour which are not in the contet of
transmission [— | 4). Cases of malaria imported to nen-
endemic areas [—= 10]).

Intervention trials and health services research
Trials to test measures for the control of mosquito
vectors [bed-nets, environmental and biolagical control
rrieasures, insecticides arc ) and 1o tese other
interventions, administered through health care services
etc., for the conwrol of malaria morbidity and mortalicy in
commaunities (e.g. drug treatment and prophylasis).
Studies of community attitudes. knowledge and practice

Mavapia RESEARCH: AN ALDHT OF INTERMATIONAL ACTIVITY

in relation vo malaria trearment and conural programmes.
Health care service studies in relation to delivery of
malaria treatmaent and contrel measures. Design of
vreaument and control pregrammes appropriate te local
prewailing conditions. Implementation and evaluaticn of
large-scale malaria treatment and conorol progerammeas
operated through health care services, povernment
ministries, non-governmantal organizations etc.
Operational research. Econamic impact of malaria
merbidity and mortality on communities and the
economics of malaria control measures.

Excluding: Clinical trials of drugs or vaccines to
establizh safety and efficacy (—8 or 4).

Development of diagnostic tests for malaria
Diagnostic vests for the detection and identification of
malarial parasites in humans; ELISAS, DMNA probes, PCR
tests, novel microscopy tests etc.

Excluding: Application of these tests in epidernialagy
studies (—= 1), Tests for genotyping parasites (—=7).

Studies of mosquito vectors of malaria

Vizctor biology, bicchemistry and genetics. Including
studies of vector susceptibility o infection by Pletrmodnm,
genetic transformation of vectors, insect transposable
elements, genetics of insecticide resistance, tests for
vector identification, taxonomy and systematics
Development of teses for the identfication of
Plasmodiim-infected mosquitoes. Characterization of
micsquito behaviour and ecology.

Laboravory-based studies 1o develop mosquito control
mieasures, Studies of parasites and pathogens of
miesquitoes, including those which might be applied as
bialogical cantrol agents.

Excluding: 5udies primarily on biology of parasice
interaction with mosquita hest (—=5). Studies in which
the epidemiology and behavicur of vectors is specifically
related to the transmission of malaria (—= 1 1). Field tesung
of mosquite control measwres (—= 1 2)

Definition of ‘clinical” and ‘non-clinical’ research
Publications or grant awards were classified as clinical if
they included within them studies of malara in humans.
For example: clinical management and clinical
cbservations of malaria in humans, the human mmune
response to malaria, human genetic susceptibility o
rmialaria, the prevalence of morbidicy and moreality dee to
rialaria, malar control and treatment studes in
populaticns (including mosquito control programmas).
epidemiclogy of antimalarial drug resistance, health
services research

All research into animal species of Fasmoediem and
studies of human parasites in vitro were classified as
non-clinical. Thiz category also included basic science
studies of mosquito vectors of malaria, studies of clinical
disease or pathalogy in animals, theoreical
mathematical medelling of malaria, studies of the
epidemiclogy of mosquite vectors and vector behaviour
soudies.
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investigators a the units. 5C1 papers acknow-
ledging the Wellcome Trust, and published in
1984, 1989 and 1994 (see (:h;tplrr 3) were
so categorized by subficld.

a

i.3 RESULTS

4.3.1
The number of publications in the fie

Publication output

d of
IIJ:IIH.liil ll'.'tl."“.'\-"."li ﬁuln hi“l'l. [l:“.' :‘ht.:[ :J[“.I
Medline  databases  (the  ‘combined’
SClHMedline ser Hrl'iill'ﬂ.‘l.".] increased from 918
in 1984 o 1302 in 1994 — a 42 per cent
il'lL']'ﬂ.':IhL'. :..]]'I :I":"L'T-:I:gl'.'. 1.|'“! l'lul'rlhr_'r 1." ].“.I.h'llllil—
tions identified by the combined search was
substantially greater than thae identified using
SCI alone in Chaprer 3. However, the increase
in S5CI output over the 10-year period was 82
per cent, indicating that over time an increas-
ingly large share of the combined SCI/Medline
malaria papers can be found in SCI alone.

The classification system which was designed
tor the analysis proved to be very specitic. The
majority of papers were classified into one sub-
ficld only, although 29 papers (0.9 per cent of
the total ourput) were considered o span more
than one subfield. The distribution of malaria
fi:.‘i‘.'-'{lﬁ.'h “I.l[l:]ll.lh ACTsS 1.]'“.' hl'll;ld. ELHI.'t_,"L:I:r'lL'L UII
research, A—H, is illustrated in Figure 4.1. A
lll'[;l:il.l‘.'ll. I}I'L'.ll:'id[]'ﬁ'l't (]F tl'“.' FJ'I.lI:II:il:;lti.[}[l!t I|:|'I:|."

subfields 1-14, and according to the “clinical’

Dirug decovery wnd develapment (&1, 1)
15%
Modguats vedtor Mudes [HI4)
i

Inbirwifibssh Bk
ansd bealth services
revearch (FI)
%

Epsdaminlogy (E1 1)
2%

or ‘non-clinical’ nature of the studies, is pre-
sented in Figure 4.2 and Annex 4.

Publications were most numerous in wo
major categories: clinical treatment and patho-
physiology of malaria (1)), and basic science
studies of Plasmodtun (C). The calugc}ri::.-; of
drug discovery and  development (A},
i]l]l]lllll[]]{]g}' il]ll \'H.L'Cil'll‘.'} [H}. |'||“!i|;.'||.ii.||:} VOC-
tor studies (H), and epidemiology and mathe-
marical |'nud1:|]'mg (B} were also  well
represented by publications. One broad cate-

F{JF}" t|:l.'l| jtl'ii}i.'ill'l.'d ]L'.‘ih- Lll.'l!l"o't.' t]'li][! t]'ﬂ! c}th:.'r:»

wis that of intervention trials and healch ser-
\'IICL".H f‘l.‘h‘."-'l.l‘.h 'F:' T]'I.r_' 5]'“-'!“ J'll.ll'l'll'll-_'r ‘}E.I'HII'H:B

re

aring to diagnostic tests (G) was not unex-
pected in view of the limited definition and
extent of this category.

A substantial proportion of papers (15 per
cent) related to the discovery and development
of new antimalarial drugs i pitre and in ani-
mal models (1, 2). OF these papers, just over
wwo-thirds described studies of the chemical
properties or synthesis of antimalarial com-
pounds; the activity, woxicity or pharmacology
of drugs in wirre or in animal models; or the
development of methods to detect antimalarial
drugs in blood or urine (1), The remaining
one-third of papers explored the biochemistry
of antimalarial activity or the mechanisms of
parasite resistance o drugs (2). MNearly 13 per
cent of all papers described clinical studies of

Immunology and vacoees (B1.4)
12%

Beology. béockemiscry
wed genetics of Plasmeda (C3=7)

15%

Chnical b, &LELI ki
{

snd pachophyickepy (D8-10
Dragroso P 1% J
vesas (GI1)
1%

Figure 4.1: International malaria research publications (1984, 1989, 1994)
by major research category (A-H)
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Figure 4.2: International malaria research
publications by subfields (1984, 1989, 1994)

antimalarial tlrtlg;. in  humans, in-,'lu:!ing
rescarch into the clinical management of
malaria. clinical drug rrials, optimization of
drug treatment regimens and studies of pro-
phylaxis and treavment of malaria in travellers
and migrants (8,10). Thus, a total of 28 per
cent of all malana research DutpuULs related o
the development of new antimalarial drugs,
from studies of drug chemistry through to

clinical trials in humans (1, 2, 8, 10).

Owerall, 42 per cent of the malaria research
publications were clasafied as  Cclimeal’,
describing studies thar involved humans. The
remaining 58 per cent of publications were

Ii.I.JLSIIﬁL‘I'] A% II'I.lf'IlI'I—l.'IIIl'IiI'.'i.!lh... l!f.'.'vl.'lihil]F_' ".!M.'ilﬁ.'l'l
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emploving in wirre or animal models of
Im ill-l.l.'li!i I'lilhil.' M.'IIIL'[IILIL' ht'l.l.l'.“.L'h {J}‘J‘”LEFF.'FW.IFF.J‘.I'JJ.' ar
mosquito malaria vectors; epidemiological
studies of mosquitoes; or theoretical mathe-
matical modelling studies.

In the set of immunology and vaccine papers
(3, 4), approximately half of the publications
deseribed  studies of the human  immune
response, while the other half described
research in animal models or s pitre. In patho-
pl1:|.ﬂ.iu|ng:.' and disease SYIMPLoms (9}, abour
one-third of the studies employed animal
twio-thirds studies of
Abowr

epidemiological studies (11} described the

maodels. while were

disease 1n humans, rwo-thirds  of
I.':I:IE'-'.J[L']ILC of Plasmodial |1':I:I'.'l!i:i|!i.'!1 “ui.lud'ln;:

drug-resistant strains) and morbidity and

mortality resulting from malaria, while the
other third concerned the epidemiology of
MOSQUItOLS OF mathemarical nmdu”ing of

malaria transmission dynamics.

Research wrends examined over the past 10
years are illustrared in Figure 4.3, where the
'i.I.‘ldF.‘"'I;II ]i.l'lL' Tﬂ.'FJI'l.'hL'J“h Iy L'I'I;H'I.E_,’.‘L' :irl I:llll:l.“.L'ﬂ-
tion share berween 1984 and 1994, Subhiclds
thar showed a marked increase in their per-
'LL'l'I[ilg\'.' ﬁ]'l.;.ir‘L' ‘Uj- [hl' l?'l."ﬂ.'r..l”. |'|'I.3|;I:I'i.|l n.'.'«.l.'.lrL'h
output  (>2 per cent) were genetics of
Plasmodinm (7) and clinical management of
malaria and antimalanial drug trials (8). Those
thar showed a marked decrease (2 per cent) in
their percentage share of the total outpur were
the biology (5). and biochemistry (6) of
Plasmodivom and mosquito vector studies (14),
4.3.2 Geographical patterns of
output

The top publishing countries in the field of
]TI-'{I:]I.'.'.] IL'M.‘ilrL'I'I W -'lIh" E{L"‘.'r"\j!“.‘t] EIFI:JI'"
the combined SCl/Medline set of papers.
However, the analysis was limited o 1994
I'll]l."lil_'d[i.(]rlﬂ- itl'l.l'j l].‘hl_'ﬁ.{ on t]'l.l'.' ..“.Ill!'ﬂ."-h ﬂ'E. tl‘“.'
first auchor {ml}'. The top 11 I'I-Llllli.\l'lillg coun-
tries are listed in Table 4.1. A more complete
list is given in Annex 5, together with the top

|mH:ishi|1t_1| countries determined in € :E].IE'II::.‘F 3
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Figure 4.3: Changes in the distribution of malaria publications across subfields between 1984 and 1994,

The soraght bne represents the vatic snacion in which the percencage share of each sublield was the same in 1994 a5 in | 984, Poinas locaced

absgven the hing thus represens subfelds thar hawg ingreated o prominenge duning che sy ven years, while poees below thg ines arg wubdelds

whote share of the (otsl cutput = makang relearch bad Bllen

by analysis of the addresses of all authors on
1984, 1989 and 1994 SCI publications (see
also Table 3.2). The most notable difference
berween the two lists 1s that China and India,
and also certain ather countries such as Brazil,
South Africa and Russia, had a |1ig|u':r r.mking
in the combined SCI/Medline data ser, than
that determined from 5CI papers |:}|:1|:|.r. This
was primarily the result of the inclusion within
Medline of a greater number of national and
regional journals and, in particular, of Indian

and Chinese medical journals,

OF the combined SCHMedline set of malaria
|1'u]:]ir_'.1|:'mn:\ (1994), 23 per cent had 2 first-
author address in the USA and 12 per cent in
the UK. In contrase, 37 per cent and 16 per
cent of SC1 malaria papers (1984, 1989 and
1994) had at least one author address in the
USA or the UK, respectively (see Table 3.2).
The lower percentage shares of the USA and
UK of the combined publications set, com-
pared with that of SCI papers alone, was pardy
the result of the different methods of analysis
employed (i.e. all author addresses were taken
into consideration in the SCI data ser), bur
also reflecred the greater representation of local
and non-English-language journals in the
combined SCHMedline publications set.
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The countries of first authors were analysed
with respect to the research subfield classifica-
tions in 1994, The results provided an indica-
tion of the geographical spread of research
activity within each malaria subfield (Figures
4.4 and 4.5). As this analysis was restricted o
first-author addresses, the resulis should be
i.l'll[.'ri‘fl._'Tli.‘l.I |:1-|.‘.|r'l:|1g il'l ]T]i.l'l.d r]'l.l'.' 'l.'.‘i.lhh.'l'lL'L" I:]I'-
international collaborations. For example,
34 per cent of the combined SCI/Medline ser of
papers with a first-author address in Thailand
WETE i'-[]'l,l.l'ld il]M!l (1] i[lﬂ'l.l]i.ll." at |1."i|:ir one l1K
author. This is consistent with the results pre-

sented i (:il.upwr 3, which demonstrated a

Top publishing countries (SCl/Medline combined)

Country Mumber of first-author papers % of total malaria
from that country (1994) papers (1994)
LISA 307 236
LK 149 14
France a7 6.7
Imvelia 1 6.5
Australia 72 Lk
Thailand 36 43
Germany 39 30
China 35 2.7
Swirzerland 28 A 1
Italy 26 20
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strong collaborative link between the two coun-
trics. It is worth recalling that, because of the
small number of papers published in the differ-
ent disciplines (the maximum was 244 in basic
science studies of Plaswmodinn), ourput may be
strongly influenced by the productivity of indi-

'l.lll'j LI:II FCSCArc |'l DEAITS.

Laboratory-based research was predominantdly
]lll_';itl"l.l il'l 1.!‘."-'["{!'“."[3 L'l:]'li]'l.lrii.'h ﬂl]ll ]'I.i{l d I.'L'I.]-
tively narrow geographical spread (Figure 4.4).
For example, only 13 countries in total con-
tributed to the field of genetics of Plasmodiem
(7). In contrast, the geographical spread of
research was much greater for the field-based
and clinical disciplines. For example, in 1994 a

total of 52 countries puhli.\.hnl in the subficld

MavLaria RESEARCH: AN AUDHT OF IMTERMATIONAL ACTIMITY
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epidemiology (11}, and 57 per cent of those
publications were from countries outside the

top eight publishing countries.

The USA dominated all subhields except
those relating to clinical medicine and patho-
physiology (89,100 in which it fell into sec-
ond place. Thailand was the greatest
publisher in the field of clinical management
of malaria and drug trials (8), although abour
one-third of papers with a contact address in
Thailand also involved a UK collaborator.
The UK was the greatest-publishing country
internationally in the subfield concerning
pathophysiology and clinical disease symproms
of malaria (9). The UK alsa puHi:\]lud substan-
tially in basic science studies of Plasmodinm
(5, 6, 7). India published the second-grearest
number of papers in three subfields: epidemi-
ology (11). intervention trials and health
services research (12). and mosquiro vecror

stuclies (14).

A more detailed analysis of the countries most
active in the subliclds of biology, biochemistry
and genetics of Plaswodim is illustrated in
Figure 4.5. The USA was again dominant,
JIII'I{“I.E_EI] II'I'L' I..-.H Was ‘i'I.L' .\L'I.'”I'Itl-l.iirj:_"i.‘ﬂi F.I'II.I'I"
lisher in each subfield. Australia and France

were also important contriburors,

The geographical analysis also indicared the
particular research strengths and weaknesses of
individual countries [I;igun: 4.6). The First-
author publications from the USA and
Australia were biased wowards laboratory-
I'I:Ihi't!, I'h'l.hil.' SCIence htl“li‘."&. I':Tn'l.l'll_'l'.' al.l'll:i EI'|1.'
UK had very similar portfolios, with abour
65 per cent of their publications on laboratory-
I'lilhl't! hll:l'l'nl_']l,lh Jml tI'“.' rl.'ln.iill[]i:r |::I:."I:Ilg
devoted to clinical and field-based research. As
noted above, the UK had a particular strength
mn t|:“.' ATl [:l"'- I];Ii]](}F]!l_‘-’Hilll‘}R}' ﬂ.!]ll lli“';iw
symproms of malaria (9) and 18 per cent of its
1994 publications were relevant to this area.
India was the fourth-greatest publisher of

malaria rescarch papers (captured by Medline

4%
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and SCI). Half of the papers from India were
published in Indian or Southeast Asian jour-
nals, and just over one-half were concentrated
in the areas of mosquite vecror studies (14],
L-]jid;‘n]iulngy (11}, and -,Irn[_r, discovery and
development (1). Thailand’s malaria research
etforts were F1rim.1ri|:|.r directed towards clinical
research, especially clinical management or the
|1|,|'|:|1.n!1h:.':ii|:1||:1__g}' of malaria (8, 9). Germany
focused on clinical management of malaria (8),
basic science studies of PMlasmadinm (5=7) and
immunology and vaccine development (3),
and in 1994 no firsc-author papers from
Germany were published in the fields of epi-
demiology (11), health services research and
interventions trials (12) or mosquite vector
studies (14). China was the eighth-greatest
pulﬂislwi in the field of malaria research in
1994 (Medline and SCI), although three-
quarters of its publications were in Chinese
journals. One-quarter of China’s 1994 malaria
outputs focused on 1.'|TIII;.|.L'I11II=I|II:1-1.’L'|-' (11), but
other important subfields were drug discovery
and development (1) and basic studies of

Plasmoeltnern (5=7).

Percentage of country’s total malaris publscations
&) 70 80 90

50

Biglogr (3}

Biochemistry (&)

Genetics (7)

Figure 4.5:
Geographical location
of basic science
studies of Plotmodium
in 1994 malaria
publications (based on
country of first author

only

Epiderniciogy (1)

Driagnoatic teses {13)

LEEECEEL =

Figure 4.6: Subfield
emphasis of malaria
research in the
highest-publishing
countries in 1994
{based on counury of first
author anky)

o 10 X W0

Percentage of publications from exch cowntry
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Dirug discovery and development {1,2)

bmmunolegy and vaccines (3.4)

Biclogy. biochemistry and genetics of Flasmedium {5-7)
Clinical management of malaria and drug trials (8,10}

Pathophysiology and disease symptoms (%)

Inervention trats and health services research [12)

Moiquite vector studies [14)
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Figure 4.7: Subfield
distribution of
Wellcome Trust
expenditure on
malaria research
(1984=1994) and of
publications arising
from Trust support
(1784, 1989 and 19%4)

Drrug discovery and
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4.3.3 Welicome Trust support for
different subficlds of malaria
research

The allocation of Wellcome Trust support
across  the different  subficlds

research, according to both the numbers of

of malaria

grants awarded and expenditure, is summar-
ized in Table 4.2 and Figure 4.7.

Percentage of total
3 1] 15

[
=

5

=

" “ Ll

o e o e e e e e e e e e e L e e L e E

% of Trust-funded malara publications (n = 131 papers)
% of Trust malaria grans (excluding overseas units)*

% of total Trust malaria expenditure

(includimg overseas units)

* Felfowships, project and programme grants anly
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Ower the period 1984 o 1994, about one-
third of the Trusts total malaria research
expenditure was for the support of overseas
units in Kenya, Thailand and Vietnam (see

Chaprer 2). Malaria research at these units had

a particular focus on the development of
improved methods for the clinical manage-
ment of malaria, studies of anumalarial :lnlg
pharmacokinerics, clinical observations of
malarial disease symproms and pathophysiol-
ogy (2.9). Research programmes also include
rpid-:|1';iulugi|.;1| studies of malaria |m'1.r'.|]<.'|1-.1'
and severity and the distribution of mosquiro
vectors (110, studies of the human immune

FESPOISE [o Plasmedin (3, and |1m~;:]ui|;n

contrel intervention trials and healeh services
research (12). As it was not possible to deter-
mine accurately the proportions of unic fund-
ing that were assigned tw the individual
subhields of research, expenditure was divided
equally berween the subfields 3, 8,9, 11 and
12. It is recognized thar this procedure intro-
duced significant approximations into the
resulting figures and calculations were there-
fore carried out both to include and exclude
the costs of overseas units. Inclusion of unit
expenditure does, however, indicate the signit-
icant allocation of funds by the Trust o field-

based malaria research.

Abour one-quarter of Wellcome Trust support

tor malaria rescarch between 1984 and 1994

was in the arca of clinical management and

pathophysiology (8, 9) — 28 per cent by num-
l'!lr_'r {ﬂ'— i__':ldl]t.‘i .IIH,'. 2"'-] per oont h}' AMOEne.
When

included, support in these two areas accounted

the costs of overseas units were

for 30 per cent ufq:xpt_'ndi'rl.m'.

Just over one-quarter of Trust malaria research

grants were for basic science studies of
Masmodinm, and these Erants were awarded
almost equally berween the three areas of biol-
ogy, biochemistry and genetics (5,6,7). These
subbields of rescarch mgulh;‘r accounted for 20
per cent of Trust expenditure on malaria research

tellowships, project grants and programme

=1
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Wellcome Trust support for the diff

grants, but only 14 per cent of total expenditure. ent categories and subfiel

The area of immunology and vaccine develop-

ment (3,4) was h'rrnng]j.' represented in the Category Subfield Mo. Mo. of grants
portfolio of malaria research funded by the awarded*
Trust, .11.'-_m1|1|:'|||g tor 19 per cent of awards,
and 25 per cent of the overall expenditure on : 3
[I'l ; I‘I 'l i .I-I']l' |::|i. rI'l CX W ii.".l.ll" i |I'|I|h- '
il B A o, A Drug discovery and development I 5.5
research area reflected a number of major (i vitro and in animal models)
(five-vear) awards (tellowships and programme e — |
; ) B Mechanisms of drug action 2 75
Fants). :
5 Immunology and vaccine 3 284
e ; y development
I'he research areas of drug discovery and —
. . . C Biclogy of Plasmadium 5 14.2
development, and biochemisury of drug : :
o (1.2) d lics (14) Biochemistry of Plasmodium & 13.2
AC RO pide )5 L} 0 VeCro . 5 . s
action (1.2); mosquito vector studics e 7 10.7
and epidemiology (11) cach accounted for e —
8—9% of all Trust malaria research awards. A D Chinical management of malaria 8 s
2 ’ and drug trials
E‘fﬂ'P"ltl“" 1“ M.'TL'T;.] IL']I.U"I'I-'!\-hI!‘ -l'l.".";lﬂl:\- [(1] 2] i
ndividual aced with T Pathophysiclogy and disease 9 8.6
viduals : iared  with [ OVETSEas
individuals associated with Trust overseas Sl
units were il::lr h[l.“.llL'h- m thi.' h-l.l‘l.?j“."llt 1FI Inper- Malaria in travellers and mlgﬁn‘l: 10 i}
vention trials and health services research S e e = TR
= ; . idemiolo ;
il:]. T'H-:r ?i-llp}“"t Was ilhh!g[]fd 4] n::-.f..'.'Ln.ll 1 R — .Fl__ gr — _—
the small arcas of diagnostic test development F Intervention trials and health 12 1.3
(13) or rreatment and prophylaxis of malaria services research
in travellers (10). G Diagnostic tests for malaria 13 0
o . i Ft H Masquite vector studies 14 13.0
Figure 4.7 compares the subfield distribution |
{:IF Trll'il rl1.|];lri.l rt'fﬂ.'.l]'i.'l'l E_r‘lﬂl'l[.‘i ﬂl'ltl [lﬂﬂl Tﬂtil;

expenditure berween 1984 and 1994, with the
distribution of SCI papers published in 1984,
1989 and 1994 tha '.H.I{I‘mk'-'h.'dt,;i:d Trust sup-
port. The data clearly demonstrate dhat the
high Trust expenditure on research into the
Imlimp|1_1.'nin|ng.' and clinical disease symp-
toms of malaria (9 and the clinical manage-
ment of malaria and drug trials (8) was
reflected in a high output of papers in these
arcas, Conversely, the high expenditure on the
sublields of immunology and vaccine develop-
ment (3,4) and on epidemiology (11} was not
mirrored by a correspondingly high output of
publications.

4.4 SUMMARY
Malaria research publications were classified

mito a H.'liL'h lJIILiL‘IlI.I'LI.'l'.l. ‘\.lJl.JliL'I.dh. .[-hl." r!LIII'Il.Jf..'Th

of papers per subfield gives some measure of
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*Fellowihips, propect and programims grants cnly.

**Towl expenditure on overseas units in Thailand, Veetnam and Kerya (| 784-1994): $15.4 milkon

on dublieldi 3.8, 9. 11, and 12

the activity in different research disciplines.
However, in drawing conclusions from com-
parisons of absolute numbers of papers per
subfield, it should be borne in mind that the
research effort represented by a single paper
varies berween subfields due o differences in
experimental approaches and techniques. In
addition, the extent of the subfield, which is
determined by the definition employed to
describe i, will also affect the absolute mumber
t'rf-l'lnl,ﬂ'!lliq.'.ll:iul'll. per subtield. Finally, the overall
field of malaria research is relatively small and
individual research groups may substantially
influence output in a particular subfield and
hence the balance berween subfields.

MaLaria RESEARCH: AN AUDIT OF INTERMATIOMAL ACTIVITY



carch (1984-1994)

Expenditure (USS
million, 1992 base
year) excluding

Expenditure (USS  Category % of
million, 1992 base total expenditure
year) including  including overseas

overseas unics** overseas units** units**

0.5 05
26 26 : 68
86 1.7 25.0
.3 1.3
23 13
28 18 13.7
24 55
5.1 82
0 0 194
0 5.1 13.1
08 39 813
0 0 0
(1 | & 18

3.2 4.6

Most of the major scientific categories within
the field of malaria research were well repre-
sented by publications in the three yvears
analysed. Each of the following contribured
substantially to the twtal research outpur:
drug discovery and development (1,2):

1 mmm]ng}-’ and vaccine dq:\ru:lnF:lnh_'nr (3.4
basic science studies of Plesmedfnm (5.6,7);
clinical and

medicine pathophysiology

(8. 9.10); upi-;lvlni{ﬂﬂm' and machemancal

modelling (11); and mosquito vector studies
{14). One broad area thar :q!-p:::m:rj to be less
active was thar of intervention trals and
health services research (12), although i is

possible that information relevant to this sub-

Mavarin RESEARCH: AM AUDHT OF INTERMATIOMAL ACTIVITY
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field is published in the grey literature of the

malana-endemic countries,

The results of the scientific subfield analysis
indicated that international malaria research
activity was relatively well balanced berween
‘clinical” studies of malaria 1n man (42 per

cent) and ‘non-clinical” studies of malara in

animal or in wirre models, and of mosquito

vectors of malaria (58 per cent).

Analysis of publishing wends berween 1984

and 1994 indicated that the genetics of

Plasmodinm (71 and the clinical management

of malaria and antimalarial drug trials (8)

gained an increased share of the overall ser of

malaria research publications at the expense of

biology (3) and
Plasmrodizn and mosquito vecror studies (14).
I[‘I'Il'ﬂr.' [rl'.'rlil:h may i1 |'I.J|." r'l'"l'.'t[ 1]1L' FCCCne
increased application of molecular biology
techniques to the field of malaria research and
1’1L' IMOVE AWy ’.rﬂ'l'l'l e 'l.]tli[i.(:ll'lﬂl ||'|1."Ih"d-
ology. The increased activity in the area of clin-
ical management of malaria and antimalarial
drug trals may reflect the recognition of an
urgent need 1o develop new treatments and 1o
optimize use of existing treavments for malaria
as a result of the rise in incidence of anti-

malarial drug resistance,

The USA dominated maost of the subbiclds of

malaria rescarch, However, Thailand and the

UK were strongest in two subfields ~ respec-
tively, clinical management and drug trials (8)
and p;uImphg,.'a.i:ﬂn:'lg}' and disease symproms
{9). Fundamental, laboratory-based studies of
the malarial parasite were  predominantly

locared within I".un::llh', the USA and Austrahia,

Acuivity in clinical and epidemiological sub-
fields showed a much greater geographical
spread and a substantial proportion of papers

were from developing countries.

The portfolio of research supported by

the Trust had a particular emphasis on the

clinical management of malaria and the
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pathophysiology and dlinical symptoms of
malaria (8,9). This expenditure was reflected in
Al hlgh ﬁl.l'[]'“][ "l: I.] I‘rl]:\[-.‘illE]]“]rtt‘{i Pll':]] i.{.'.“':i“l'lﬁ,
which contributed 1o the high UK publication
it:l:l'l{“l'l_‘t" i.l'l “]if‘i h'lll'lE-iL'Id. ‘.j[l{.‘-lluilrtl‘f I:}F
total Trust malaria research  expenditure
(1984—1994) was esumated to have been allo-
cated to studies of the immune response of the
'\'I.'I'[l.":]]'-'l!i.‘ h"h' (€N I'[I-llilriil il!ll’j (1] [|:“.' l!r."'."i.'l[}P-
ment of antmalarial vaccines, However, this
]'II.!,,"’I'I ﬂx!“.‘[li[l‘lllh.' Wias not I'L'Eil"ﬂ.[l.'ll III'I. d hil'l] i.Iil!']_"r'

high outpur of publications in this subfield.

A comparison of Trust support for different
subfields of malaria research with the output of
publications in these subficlds can give an indi-
cation of the effecriveness of Trust support in
individual research areas. However, caution is
warranted in drawing conclusions from these
data for a number of reasons. Firstly, publica-
tions were analysed from three selecred vears

54

that may not be completely representative of
the overall outpur of papers acknowledging
Trust support. Secondly, this companison does
not take into considerarion the timing of the
ﬂ“'ﬂ.rd.i]'lg {]{Eld“t.\i ff,'lﬂ.'i\-'ﬂ (4] thﬂ pl.lbli.l:ﬂ[llﬁn
years analysed. Thirdly, individual areas of
n.':iﬂ."ﬂ.rﬁ:':l {li.";.'r I“'l t.l'“.'i.r E]r{ﬂll!ll'l:'j\'i.'}r as i ff,'!'i-l,lir
of the differing experimental approaches and

thI]I]iqllL“& [l:l.'ll Al E[Ill}l{]}'ﬂd.

Tl'u.' L'I'd.hﬁ:i HL':.I!i.{]J'I U'F ll'M.':"'Cl:l I“]l‘]li.'ﬂi.lt i.{]nh- in‘tu
subfields in this chaprer has indicated the
extent of activity in the different areas of
research, However, this approach did not
artempe to identify the practical benefits arising
from the research, such as new or improved
tools for malaria treatment or conerol. The
following chapter presents the results of a
study that aimed ar characrerizing the
broader outcomes of rescarch funded by the
Wellcome Trust.

Mavankia RESEARCH: AR ALDIT OF BITERRMATEONAL ACTIATY



WELLCOME TRUST PORTFOLIO ANALYSIS

The overall aim of this phase of the study was to review the achievements and outcomes
of malaria research supported by the Wellcome Trust. The analysis relied on
independent expert opinion, and focused on Trust-funded papers published in three
specilic years - 1984, 1989 and 1994, The analysis characterized the advances in
knowledge which had arisen from Trust-funded research, and identified broader research
cutcomes such as instances of improving disease prevention or modifying clinical
treatment. The exercise permitted a retrospective review of research results in the light
of advances made since their publication.

The analysis reviewed the scope of outputs from malaria research funded by the Trust
= hereafter referred to as the Trust's ‘portfolio’ of publications. The distribution of the
portfolio across |4 subfields of malaria research (see Chapter 4) was identified. This
information can provide an important input both to understanding the consequences
of past research funding strategies, and to developing new policies for the future.
However, decisions on future funding also require information on the prospective
opportunities of research fields and subfields. Consequently, the current analysis sought
to identify research topics with high future potential. Although the analysis focused on
research supported by the Wellcome Trust, the approach could be used to assess the
portfolios of other funding bodies.

However, the following points should be noted. Firstly, the assessment was not
comprehensive, as only papers from three selected years were examined. While these
papers clearly reflect the type of results arising from Trust-supported research, they may
not, however, be completely representative of the overall output. Secondly, the papers
analysed in this exercise reflect the lower level of funding provided by the Trust some
years ago and not the recent high level of investment. Thirdly, such an assessment
exercise was inevitably subjective as it relied on the opinions of a small number of
reviewers. Finally, the numbers of papers and of reviewers in each subfield were small,
and detailed statistical analysis at the level of the subfield was not possible.

5.1 METHODS International and independent reviewers were
selected on the basis of their scientific expertise

in the various subficlds of malaria research,

Malaria research papers arising from Trust-

funded research and retrieved from SCI were
selected for three specific publication years
(1984, 1989 and 1994: see Chaprer 3) and
subjected to a process of expert review, Of the
134 publications acknowledging Trust sup-
port, 131 were locared and categorized by sub-
field (see Chaprer 4, Box 4.1 and Figure 4.7).
Three subfields [malaria prophylaxis and trear-
ment in travellers and migrants (10}, interven-
tion trials and health services research (12) and
development of diagnostic tests (13)] were not
represented by any Trust-supported papers.
T‘]‘If diHﬂWﬂt ﬁuhﬁt]d .34 £ “E’P:lfh:m 'l:ﬂ'ntalln'l:d
between cight and 29 papers,

MavLaria RESEARCH: AN ALIDAT OF IMTERRATIONAL ACTIVITY

Each set of papers was sent for review by either
one or two individuals with relevant experrise.
Reviewers were asked to complere a question-
naire that concerned the overall set of papers
(see Annex 6a). Qualitative written responses
on the 13 qut:.ura'nnn:uln:s were read and
analysed manually.

Reviewers were also asked to r;nmph:n: a ques-
tionnaire for each paper (see Annex 6b). The
dara from these questionnaires were aggregated
across subfields and analysed using SPSS. In
this quantitative analysis, the variable number
of subfield reviewers (# = 1 or 2) was accounred
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tor prior to summing the data across subhelds.
The resulting data were expressed in pic charts
as the percentage of survey responses supporting
a particular opinion.” Throughour the rext,
numbers in brackers refer to the subficld classi-

fication system defined i Box 4.1,

5.2 RESULTS

Several subfields were well represented in the
Trust’s ourpur portfolio of papers published in
1984, 1989 and 1994. These included patho-
physiology and discase symproms (9), clinical
management of malaria (8), and the combined
subficlds of Plasmodiwm biology and biochem-
istey (5.0). Other areas were moderately well
covered: drug discovery and  development
(1,2} as well as immunology and vaccine devel-
opment (3,4). Further details are available in
J:iy,un.' 4.7 and Table 5.1.

5.2.1
The major advances in knowledge described in

Past achievements by subfield

P.llh‘r:\- ‘.II['FFIHH ‘H.I 13:'." IIIL' "'3'-'.-"-.'”._':1-!11::' -].Fllh'l wWere

characterized by subfield.

Antimalarial drug discovery and
development (1,2)

In this area the reviewer fel that 50 per cent of
the papers {total, #=16) r-.*prrwnh'tl a substan-
tial advance in knowledge. The development of
a method for the extracoion and measurement
of the antimalarial drug areemether and s
metabolite from plasma, and the description of
a new i witro test for the suscepribility of
2 falciparum o pyrimethamine—sulphadoxine
were noted as significant advances in method-

nlng\'. Six papers were noted  as |1'|.1ki||g

11 e question in the quettiornasre concernang individual paperi
prrmaited only 3 ungle response, or opinion, while the other tao
permetted multple responses. For that questson which permitbed
anly eng respente (VWhen do you see thg Benefies of this research
being realized’), the number of responses was equivalent to the
ramber of respondents. Howovers, where malliphe reiponied wire
possible, each response was anrsdbuted an imeger count of one
{1ee Chapter 1), and the number of revponies wad prestes than
Chat il e ﬂrrq'\pﬂlhdl’."l'lt‘i. Hiveeeser, in both indrances, che
frequency of responses for a particular anywer wait exprested 31 3
proentige of M0 reiponied fapporting Al poasible andwers
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Achievements of malaria research funded by the Wellcome Trus

Subfield

Anrtimalarial drug discovery (1,2)

Immunology and vaccine development (3,4)

Plosmodium biology and biochemisory (5,6)

Plasmadium genetics (7)

Clinical management of malaria patients (8)

Pathophysiology and disease symptoms (%)

Epidermialagy (1)

Mosquito wectars (14)

Publication presence
of Wellcome Trust-funded
research®? (1984, 1989 and 1994

B Mumber of papers published in the three-pear samgle, where ® = | =10 papers, % = | [-30 papers,
and 88 = 3|10 papers. M Glucose-b-phosphate debydrogenase. ™ Tumour necrosid fctar

MavLaria RESEARCH: AN AUDIT OF INTERMATIONAL ACTIVITY



topics in malaria

Past achievements of Wellcome

Trust-funded research

{evidence drawn from research published

in 1984, 1989 and 1994 only)

Demonstration of s}-nergism of pfrime:hamine and sulfadoxine
against P, falciparum,

Identification of genetic alterations associated with parasice
resistance 1o chloraquine, mefloquine and antifolate drugs.

Extraction and measurement of artemether and dityydroarvemisin
in plasma.

In vitro vest for susceptibilicy of P falciparum o
pyrimethamine—sulphadoxine.

Expert views on research topics
for the future

Maode of action of antimalarial dr'ugs.
Mechanisms of parasite drug resistance,
Measurement of artemisin in blood and tissues,

Effect of fluorine substitution on metabaolism and activity of amodiaquine.

Increased understanding of the role of T cells in protective immunity.

Parasice antigenic variation and protective immuniry.

Relationship between antibody specificity against regions of merozoite  Significance of fine specificity of immune response in vaccine

surface protein | (M5P-1) and protection from malaria.

Characterization of molecular mechanisms of sequestration of
parasitized red blood cells (e.g. identification of ICAM-1},
and role in malaria pathogenesis,

Characterization of merozoite surface proteins (e.g. P190), and
recognition of palymorphism and high rates of antigenic switching,

Cloning of gene for sulfonefsulfonamide resistance
{dihydroptercate synthetase).

Identification of subtelomeric deletions in plasmodial genomes.

Cloning of important parasite genes: ATPases, G-6-PD", cell-cycle
control proteins.

Method for isolation of B folciparum mRMA for use in translation
systems and cDMA library construction.

Eﬂkacy of mefloquine prophylaxis in pregnancy.

Meflagquineartesunate for treatment of multidrug-resistant
falciparum malaria,

Use of dichloroacetate for lactc acidosis in severe malaria,

Efficacy of quinine, chlorproguanil and Maloprim in treatment or
prophylaxis in African countries.

Role of TMF* in severe malaria.
Link of TMF promoter region to susceptibility to cerebral malaria.
Immunohistochemical studies of malaria pathology.

P‘rngress in mathematical madelling of malaria transmission dynamics.

| Wariable clinical manifestations of malaria linked to different
transmission rapes,

Effect of insecticide-impregnated bednats on host-seeking behaviour
of mosquitoes,

Characterization of glutathione S-transferases in DD Toresistant
Anopheles gambiae.

MaLaria RESEARCH: AN AUDIT OF BNTERMATICNAL ACTRTY

development.
Raole of y& T cells in non-specific immuniy.

Host—parasite interactions: mechanisms of merozoite invasion; role
of adhesion of infected erythrocyes in pathogenesis;
MOSqUIto—parasite interactions,

Developmental contrel mechanisms, e.g. gametocyte differentiation
with relevance to sequestration and immune evasion,

Genetics of drug resistance.

Cell-cycle contral and developmenital switches in Plasmodium.

Functional studies of genes in pathogenesis, immunity and
drug resistance, using parasite rransfection methads.

Mew approaches to disease management.
sodium dichloracetate for lactic acidosis,
Mefloquine in pregnancy.

Malaria severity in relaticn to transmission dynamics.
Genetic factors in susceptibility to severe malaria.

Host-parasite infection dynamics.
Link berseen disease manifestation and ransmission rates;
clinical studies of disease patterns,

Mechanisms and patterns of insecticide resistance,
Further studies of insecticide-impregnated bednets.
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significant contributions in the following wpics:
.l-.:rr!t'rgiml:l c}l:'p}'ri|:|1|_'1|1:|1':1i|11.' anel .'«:|:||E:|]'|'Jql|:1:r.i:m_'
against F? falciparum in vitrey the effect of
Huorine substitution on the metabolism and
antimalarial activity of amodiaquine; mecha-
nisms invelved in parasite resistance o chloro-
quine, mefloquine and antifolate drugs.

Immunology and vaccine development (3,4)

II'I |I'|i."| |'1.':1L'.3|.‘1.'I'| A I"'l.“l'l. TL"\'I-L"I-\'L'I.'h Ll"'l!iill!'.'ﬂ."’lj
that only 25 per cent or less of the set of papers
(rotal, # = 14) represented a substantial advance
in our knowledge of malaria. Significanc
advances identified in the set of papers
included progress in understanding the role of
T cells in protective immunity, and the rela-
tion between the specificity of antibodies
.'lt::lil]hl merogoite surface pml::in 1 {MSP-1)

and protection from malaria.

Biclogy or biochemistry of Plasmodium (5,6)

Omnly 25 per cent or less of the set of papers
(total, # = 27) relating 1o the biology or bio-
L‘IH."I'L‘IthF:I.' of Plasmodim (3,6) were consid-
ered by each of the two reviewers o represent a
substantal advance m the um,l::r:it;mding of
included
increased  understanding  of  host—parasite
interactions, in particular the molecular mech-

malaria.  Significant  advances

anisms of parasite sequestration (e.g. the iden-
tification of intercellular adhesion molecule-1)
and events leading to malaria pathogenesis.
Orher impornant advances were the characteri-
zation of merozoite surface proteins, including
LI‘IIL' l‘.'ﬂ.“g]'l:i!llli]‘[! l?j‘ﬂ'!‘:iﬂ.’llﬁi\'ﬂ FJ‘ l[}"IT“ lri'll'l II:‘i-“'l. :il]
some molecules, the proposed involvement of
rl'l.l.']'l.?:ﬁl:]'i.h'.' M.il.'j'-.“.'L' I'l"“L':iIJ'I. III'I tl'l.l'.' ]Jn".'ﬂ.'."i:i IFI-
erythrocyte invasion and the recognition of
|'Ii£_’||:] rates U}- ﬂl]tig{"[li.l’.' ﬁ.w'lh;.'hi.llg :ill I'I'Idlilrllﬂ
(and its significance in sequestration and

UL e evasion).

Genetics of Plasmodium (T)

In this subfield, one expert estimated thar 25
I_'.ll'.'r cent or ]L'.‘ih- (}E. ll'l.l.' IHIIH!T‘.\ i|1 thl' 500 [l[]t-'tl.
n = 9) represented a substandal advance in
I‘i.l'l[]'“'ll‘ll!li"{' 0r l]l][]fnl.ll]ll!‘ug {:IF |'|'|;|I-'|.ri;|.

whereas the second reviewer indicated a higure

berween 25 and 50 per cent. Many of the
papers pﬂ:m.'mur.{ sequences of malarial parasite
genes, reflecting the increased application of
molecular  biology techniques o malaria
research in recent years. Significant advances
identified by reviewers included the discovery
of the gene tor sulfone/sulfonamide resistance,
the recognition of subtelomeric deletions in
plasmodial genomes, and the identificarion of
2 f::rn":':p.rrrmu genes thar mighi lead 1o :iigniﬁ-
cant insights into parasite biology (e.g. genes
I‘lJT .:‘.-[‘P-'I.?iﬂ:\-.. glI.IILUHL"f}'[]h"!‘il"i]illﬂ I.Il:.'h}"dl'{]!;ﬂ."-
I-cycle control proteins). A signifi-
cant ;I{l"-"il]'ll:‘.' ill 13.!.\;{:' I'l'“.'[t!l?d{:']lﬁg\}r Wl !hl.'
development of a method for the isolation of
Eﬁ‘l’!ﬂ'l’;ﬂﬂ'fl'”fl m RNA. !Il BEOLLSC III'I. 2 I-I.II.:”J tFiI]'I:iIﬂ.-

nase and cel

tion systems and in <DNA library construction.

Clinical treatment and management of
malaria (8)

In this subfield. one reviewer considered thar
2‘?—:.'{] E}L'l cent []F [JH.IH.'T:\- I'ﬂ.'F]l'L'hl'l][t'd el f'i'llh-
stantial advance in knowledge (total, # = 19),
whereas the other reviewer indicated a ﬂgun.'
of 50-75 per cent. Both reviewers commented
that the papers prr,'wnn,'l,l resules that were of
direct relevance and applicability to improving
the treatment and prophylaxis of malania, and
that the information should be of interest o
clinicians and policy makers in malaria-
endemic countries. Results relating to the use
of mefloquine in pregnancy and the use of
mefloquinefartesunate combinations in the
treatment of multudrug-resistance falciparim
malaria in Thailand were highlighted. Three
papers on malaria in Africa advanced know-
ledge in the use of parenteral quinine in young
African children with cerebral malaria, the
efficacy of chlorproguanil for malaria prophy-
laxis in Kenya, and finally, the efficacy of
chlorproguanil and Maloprim as chemopro-

phylactics in Gambian children, Research into
the use of dichloroacetate for lactic acidosis in
severe malaria was also highlighted for its
potential impact on the management of
patients with complicated malaria, Both
reviewers noted that malaria chemotherapy is a
rapidly evolving area and that some of the
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results of the earlier papers had now been

superseded.

Pathophysiology and clinical disease
symptoms of malaria (%)

This set of papers was reviewed by one expert
who considered that 25-50 per cent of the
papers in the ser (total, » = 29) l\'_'F!rfE-iL'I:IEL"'.l a
substantial advance in knowledge. Most sig-
nificant were the identification of a link
berween variations in the tumour necrosis
factor promoter region and suscepribility o
cerebral malaria; immunohistochemical studies
“I'. ril:,' F‘H.Il'l‘f:l]ﬂg}" “I. |'|'I-1|.J|.'!.-'|.: :l.l'ld ']1.!'_' lL'Ll:glli-
tion of a possible role for umour necrosis
factor in severe malaria. The last result in
P:ﬂlri.r,‘l.l]:lr Wils [I"“."ll [T4] ]Id'r'l.' ."rlll'“.‘L' ’L‘i'l.ﬂf;i[{'d.
considerable research activicy. All of these
rescarch findings were considered w be
il'l'l'l“'l‘f"i.“][ l_.l"ll'l |:]L'1.'.I|.|5-'L' []I‘.il'lﬂi.l cont ril‘:ullllll
in advancing theory and because of their
potential therapeutic applications.

Epidemiclogy of malaria and mathematical
modelling (11)

The two reviewers of the papers in this sublicld
held opposing opinions abourt the validity and
hence value of a particular series of papers;
(,'I::Il]ﬁi."’l;!l.ll.'nt]}'. [h{"_'r' d'l."i..'l.gn.::.'tl (8]} tl'l.L' ITEI:]T:":}F'
tion of the papers (total, » = 8) thar repre-
sented a substaneial advance in knowledge.
One reviewer indicated that 75-100 per cent
of the papers represented a substantial advance
in understanding, and highlighted a series of
theoretical studies of the transmission dynam-
ics of malaria as being particularly significant.
The other reviewer considered thar only 0-25
I'I‘\L'l cent {il. tl'lf_' I‘-'l.l“.'r:i rl'.'l“f.'!’i‘.'[l t‘.'{l l Huljh-t-ll]ti.:ll
advance in understanding. This reviewer high-
lighted a paper demonstrating that the clinical
manifestations of severe malaria differ in
regions of differing transmission rates as being

extremely impaortant.

Mosquito vectors of malaria (14)
The reviewer for this subfield considered thar
only 25 per cent or less of the set of papers

(total, w="9) lr.'plr.'hq:ntq:vcl a substantial advance
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in knowledge. Two significant contributions
to vector control strategies were identilied: the
eftect of insecticide-impregnated bednets on
the host-secking behaviour of mosquitoes; and
the characterization of glutathione S-trans-
ferases involved in the DD T-resistance |:||1|.'|1|::-
wype in Anepheles gambiae,

£.2.2 Uses and bencfits of the
research results

Feviewers were asked 1o idl.':ﬂlif}' the uses and
I‘l.'"l..'ﬁ[ﬁ L:Ij'-l'.'-'l‘l.'l'l ll'.'ﬂ'l.".lﬂ.'l'l E'l-l.E“.'l. :'\-'i-'ll'l:l.' I'L'h-l.'ll:‘[]-
dents gave more than one response — the toral
number was 272, These responses were aggre-
g.“["ll [fx] p:l‘l'n‘il.lr_' A0 Oove r.L“ 'n'i‘L'“' ﬂ'l'.:t“.' LSS ;l]ld
benefits of the Wellcome Trust malaria portfo-
.li.[]. -I.ilL' “.'H.Illf‘- are 1';";""['.\"-‘.".] A PL'H.‘L"";]gL'":- “!.
total responses (not respondents) in Figure 5.1.
The main use of the research results was per-
ceived o be in advancing  knowledge.
|'|nr:|'.l.";"'.-'r.'r. |‘ir.11.'|: .ll'.'ﬂl s .l]'l[i I'H.‘l'li.'l‘l.lh I.'L"L;“.JI rl!_'; [£5]
modifying clinical treatment and improving
disease prevention or control were also consid-

ered likely. A small proportion of the resules

were perceived as relevant to improving

methodology or developing new products.
5.2.2 Realization of the benefits of
research

Reviewers were also asked o comment on the
timescale for realization of the pracrical bene-
fits of the research. The weal number of

Fesponses h:." reviewers was 191, Resules are

presented as percentages in Figure 5.2, The

P

Cn
Improving disexse Advanging
prEEnL borrorwied e
o &%

Drieilaping
THEve proaueld
&%

Improwing

DrEuLAveEnL

s

Figure 5.1: Uses of research results
% o Surviry POSpORAES)
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majority view was that benefits were most likely w
be realized 1 the medivom term {one wo hve years).
To a lesser degree, benefits were also considered
ii!’l‘.‘.‘l}' [£8] L"!'HL'TE_:L‘ "-ﬂ.l!!'l. rl'.'."'lL'a'llL":l L'i.t]'H.‘l' !In]m‘.".ltllilh.']_\'
{within 12 months) or in the long term (five w 10
}"L'-'l.l'.‘i]. FL'\.!."r.'r lfhi}‘}nl'jl'nl.'i L} "l!’illdi.'l.".'ll :th F‘r:ll_" I|—
cal benefits would emerge more than 10 years

aﬁur |'|‘1E|:JIII|'_':IIIH!II1 []".llilﬂ reu.-ar-::h !'I'.'!il.'l]'l‘_'i.

BerwrredhalEly

Wery bang
B
125
Long verm
294%

Figure 5.2: The timescale for realization of the
benefits of the research
% of furvey responies)

5.12.4
Reviewers were asked to identity which pro-

Target audience for the research

fessional groups would find the research
rl'_'.‘il.l.]lh- l'll'l ITSE i.]'l[l'.'l.".'.‘it. R‘.'ﬁp““.‘il'ﬁ ll]lﬂ.lll’d
378, and the results are shown as percent-
ages m }Tigun: 3.3, Basic researchers were
believed to be the group most likely to have
an interest 1 the  research
However, respondents also indicated thar

findi ngs.

the results would be of interest to non-
academic clinicians, policy makers, manu-
Facturers and academic clinicians, The
CHEsr
Plarifanirers
II:ItILI %

Basic reseanchirs
41%

P'blu:;r
makers
0%,

chniciang
s

A pterrer chcians
2%

Figure 5.3: The professional groups likely to find
the resules of most interest
% o surwiy relponied )

implication here is that marerial of direct
relevance to policy making in the control
and treatment of malaria is published in the
scientific licerature and mlght to be accessed
by policy makers.

5.2.5 Future hot topics in malaria
research

Each reviewer was asked o identify specific
research I:u|'|-'|n:.'n.. i their |1:|rti:r_'1.||ar subfield that
they considered might lead to important
advances in the future,

Drug discovery and development (1,2)

In the research area of drug discovery and
development (1,2) topics identified as likely to
be of future importance were: studies of the
I'H"[]L'H "E.ﬂ.ﬁtil“l E]Fﬂl!ti.l'l.'lﬂl.;l]'llli] {Ifl]gﬁ {I:]'II""}-
quine, quinine, meflogquine, artemisin and
antifolates) and the mechanisms of parasite
resistance to these drugs; and methods of mea-
5|.|r'lng il:l'h.']'ﬂi::'iil'l .'I.I'I'd Jlt.'\ (I',.'rj\'ﬂ.'i"-"ﬂ?i Jll:l |l|n-|:::i
and other rissues.

Immunology and vaccine development (3,4)

Topics of importance identified by reviewers in
this area were parasite antigenic variation and
its relationship to both humoral and cellular
protective immunity, studies aimed at under-
standing the importance of the fine specificity
11'. ']'“.' il'l'l.l'l.'ll.l]'“.' rﬂ.'.‘:l'l‘l'.:l]'lhl' il'l "(':“."L'i[“.' df_'"!'i.']ulj-
ment, and 15 T cells and their role in non-spe-

ﬂ.'llﬁﬂ il]'l]1] 1] nitj,.' Tx Il'lil].'!riil.

Biology and biochemistry of Plasmodium (5,6)
Important developments in the biology and
hjct,‘h-:mistr}' (5,6) of Plasmodinm  were
expected from research into host—parasire
r-:lmiunships and |'r;|t|1|:1gl:m::ii.t:, and studies of
parasite biology in the mosquiito vector
Specific topics highlighted were mechanisms
of merozoite invasion and host-cell specificity,
adhesion of infected erythrocytes in relation
to pathogenesis, developmental control mech-
anisms and in particular gametocyte ditteren-
tiation, and swudies of vector-parasite
interactions with a view to identitying vaccine
candidare antigens.
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Genetics of Plasmodium (T)

Topics of importance for the future included
studies nff;cl]—c].w;lg conerol and tlr;vcl:}plm:ntﬂ
switches during the life-cycle of Plasmodsom,
the genetics of drug resistance, and the use of
F!ﬂ r:Lliitl: trﬂ.llﬁ.ﬁﬂ;t I|I::||'| [L"'l'_'l'l n i.q“l'_'?i. Iil!k;lg{' ﬂ.l]:l.l:-r-
sis and heterologous expression of functional
gene products to carry out funcrional studies
of genes important in pathogenesis, immunity

and drug response.

Clinical management of malaria patients {8)
The use of sodium dichloroacerate for acid lac-
tosis in severe malaria, as well as other new
approaches to discase management, were
specifically identified as ropics thar should be
pursued in the future. Mefloquine prophylaxis
in pregnancy was indicated as a rescarch area

thart required further work.

Pathophysiology and disease symptoms (%)
Important topics in this subfield included
epidemiology of malaria morbidicy/mortality
:ill ]'L'IE!I“}H Tk tfﬂ[l:\l]‘!‘ﬂﬁjﬂ“ 'Intq.'n.*:it}', a5 “",'l.l a3
mechanisms, especially genetic, of severe
disease.

Epidemiology and mathematical

maodelling (1 1)

Furure hot tupi;;.'. were identified as the infec-
tion dynamics berween parasite and host, the
relationship berween disease pauerns and
transmission, and clinical inw.t;liguticm.l; of dis-

CAs0 PRLIDCTIS,

Mosquito vector studies (14)

Suggestions for future topics in this subficld
focused on basic analysis of insecricide resis-
tance to help plan future chemically based
control programmes, and further work on
the use of insecticide-impregnared bedners.

5.3 SUMMARY

The :mal}'.*.'is of Trust-funded papers pub—
lished in the three-year sample indicated thar
several subfields were particularly well repre-
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sented in the outputs portfolio (see Figure
4.7, These included |1:|t|1{:-|1h:.':iin|nr‘=u.' and dis-
ease symproms (9], clinical management of
malaria (8), and the combined subfields of
Plasonaedioe hj{:hrg}' and hi{:chf:mi:«»tr}' {5, O).
There was moderate coverage of drug dis-
covery and development (1, 2), as well as
immunology and vaccine development (3, 4).
Three subfields were less well represented:
genetics of Plasmodinm (7); epidemiology and
miathematical rl'lul;ia.'"'mg (11); and studies of
mosquite vectors (14), In the three vears
analysed, the Trust had no publications in
three subfields: malaria prophylaxis and treat-
ment in travellers and migrants (10); interven-
tion trials and health services research (12);
and development lllldi;tgnu:ﬂit tests (13).

The overall portfolio was balanced in both
advancing knowledge as well as the more
applied aspects of research, such as those with
relevance 1o clinical treatment, disease preven-
tion, and the development of new produces,
These results reflect the emphasis that the
Trust places on supporting basic research
TL'IH.[‘L'd. R |]'“!di‘L':i|]L' a5 'I."u"i.'l] als L'Iil'li‘.'ill ..13:""{'(_":.*:

of medicine.

The timeframe for the realization of the practi-
cal benefits of the overall ser of research results
was largely considered to be within five years of
|'Il.'|h]'lc.‘ltlll:}ll {]:F [I'“.' n.'.'.LI|I!|. Tl'li"\ :\u%ﬂ.\l}i th-“
research, generally, has potendial for rapid
impact on weatment and concrol of the dis-
ease. However, anticipating the time to realiza-
tion is difficult, and the views of experts in
research may be overoptimistic. Previous studies
have shown that the difficulties associated
with, and hence ame required in, transferring
scientific research results into practice are often
underestimated (see Roberts e al,, 1981).

Subficld achievements or ourcomes of Trust-
funded research were well characterized by the
expert reviewers, Future t:||'.-|1~::-:ru:|niri¢.~: .irising
from the published work were also considered
by the expert reviewers who idenrified a large

number of hot TOpICs. Achievements and
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opportunities  included advances both in

]'i I]l?'l‘.’l.r.'llg\'.' x| !]I.I ]II] ].J]'HLII.IL'[' OUTCOmes: Lill n i.l'.'ﬂ.l.

management, treatment and prophylaxis of

malaria and vector contral (Table 5.1).

As indicared in Table 5.1 there was some over-
lap of views concerning past achievements of
Wellcome Trust research and future hot topics
in malaria. These marches suggest  that
although significant advances have been made,
opportunities for further advance stll remain.
In antimalarial drug discovery and develop-
ment (1,2) overlap was evident in relation o
methods for measuring artemether and s
metabolite, drug resistance, and the mode of
action in antimalarial drugs. In immunology
and vaccine development (3.4) overlap was
I'."'-'I.iil_'l'“ I||'|. wlﬂti{]“ (CR] .\E]L’L'iﬁllll:-' “EII.I'H.' i.l'll]'ﬂl"“:
response and the role of T cells. Studies of
!HL'I“:I'.{:I:itL' :i'l.ITI.-'tI'_'L' FJr{:ItL"Inh. H.I'l{] "II :“{I'H.‘:ii.[][l
mechanisms of infecred erythrocytes were
CORITRITIAON thl,.'l'l'll'_'ﬂ il] I'I:lﬂ-t J[Ill l.lltlln.' I?I.].*:I'l““]i:ll
studies. Functional studies of parasite genes,
and in p.irl,:i;ular genes concerned with l,ITLIg
resistance, were highlighted in parasite generics
(7). In the subficld clhinical management of
malaria patients (8), studies on the use of
mefloquine and dichloracetate were considered
to be both past achievements and future
opportunities. Genetic factors influencing dis-
ease severity were recommended as an area of
tuture opportunity in the subfield pathophysi-

ology of disease symproms (9). The relation-
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ship berween transmission rates and disease
Ihﬂ.llllrﬂ.'ﬁlilti.[]n Was a t:}pi{.‘ Iligh;i.gl'llfd A% Al
important achievement and future opportwu-
nity in epidemiology (11), and also an impor-
tant opportunity in pathophysiology (9.
Mﬁlhﬂl'liﬁ-ll'lh ‘III'](-L ﬂ‘.'h-i.:-itﬂ.l:“.'l'.' [0 IH'IHL"L'II"..'ilII.'& wore
quoted in both past achievements and future

prospects for studies on mosquito vectors (14).

A number of areas that cut across subfields
were highlighted as offering high future poten-
tial. These included studies on genetics, drug
resistance, and transmission dynamics in rela-
tion to disease severity. Significant opportuni-
ties for malaria research would appear to exist

in these three broad areas.

TI'I.ih- ::}'nl}!lr_'r I'th- I'.'K:l]'l]i.l'l.‘l.‘d ll'tﬂ \'iﬂ“"}. UII:] num-
ber of experts on malaria papers supported by
[|:“.' w'llf_'!ll'_"“]'“.' "[‘rllﬂ.[ allll I}lll'ﬁlif‘illﬂll i.l'l. thl'l."'l‘.'
specific vears, For a fuller analysis of interna-
ti.l::ln:.!l H.L'I:I i:ﬂ'l.fi:lncrlt:\ :i[l |'|.'|-"|.|.i|]'i.i| rl'_':ﬂ.'-'l"_']'l, A5 '-'u"L'“
as future directions for the field, it is necessary
to survey the international malania community
including groups who do research, as well as
those who use the resules of research,. The mext
chaprer discusses such a survey. The analyses
follow a similar qualitative approach to those
introduced in the current chaprer, and focus
on identifying the broader achievements of
malaria research, its potential impact on health
care, and the barriers to the implementation of
research findings.

MaLaria RESEARCH: AM AUDIT OF INTERMATIONAL ACTIVITY



OPINION SURVEY

The aim of the final phase of the study was to survey opinion among
a large and diverse group of researchers and users within the
international malaria community on issues relating to the current
practice and future direction of malaria research. The community
canvassed included researchers, clinicians, health services practitioners
and advisers, industrialists, administrators and policy makers. Views
were sought on mechanisms for translating research results into
practice, measures to strengthen the field of malaria research, and
potential future prospects for advancing understanding in malaria
research,

The survey offered an opportunity for respondents to express their
experiences and opinions on mechanisms of communication and
information transfer, and thus suggest how research results may better
inform the prevention, control and treatment of malaria in practice.
It alse encouraged participants to consider opportunities for
advancement of the field beyond any current constraints of finances or
institutional affiliation. The analysis was complementary to, but
broader than, the preceding phase of the study, which concentrated
only on the portfolio of the Wellcome Trust.

6.1 METHODS ing two postal reminders, 51 per cent of the
questionnaires had been completed and

A questionnaire was designed concerning the  returned, and  the survey was  closed.

current  practice and furure directions of
malaria research, The questionnaire was
piloted with the Steering Committee for the
study. Following amendments suggested i the
pilot study, the questionnaire (see Annex 7)

was distribured by post.

The questionnaire was sent to an international
group of 224 individuals who work in malaria-
relared disciplines including research, control
or treatment. The group was identified from
several sources: membership of the British
Society of Parasitology, contact lists of the
London School of Tropical Medicine and
Hygiene and of the Tropical Medicine Interest
Group ar the Wellcome Trust, and data gener-
ated in the bibliometric stage of the review on
prolific authors of malaria publications.

Within six weeks of distribution and Ffollow-

MaLaria RESEARCH: AN AUSHT OF INTERPAATIOMAL ACTRVITY

Responses were analysed using the software
package SP5S. In some instances, resules have
IJEL'“ ﬂl\ﬂl}rﬁl,."fj ﬂ.l:‘:{!r{llll'lg L0 T |]-n,'|-ﬁ.‘55in|‘t:]l
groupings, defined as follows for the purposes
of this repore: the ‘researcher group’, com-
ind lll'. I.'l:lﬁ-lll: ‘“,.'Ilﬁ ce -'l.l'l.d Llin:ic[l] ri."ﬁl:;lr‘;hl:[ﬁ,
and the ‘user group’, consisting mainly of
health services practitioners/advisers, and
administrators/policy makers but also includ-
ing a few induscrialists/manufacturers (Table
6.1). The profile of the entire set of indiv-
iduals contacted for their opinions was
composed of 65 per cent researchers and
35 per cent users.

Where possible, categories of malaria are
referred o in the vext by lewers (A-H), and
subficlds of malaria by numbers (1-14),
d-E!'iL"lil'iirlg_ the classithication system defined i
Chaprer 4.
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Compaosition of researcher and

user groups

Researchers Users

Basic scientists Healch services practitioners!

advisers

Clinical scientists  Administrators/policy makers
Industrialises/manufacturers

6.2 RESULTS
G6.1.1 Profile of respondents

The majority of respondents 1o the survey
were researchers (Figure 6.1). Researcher and
LISET _‘urmtph L'lJI'I'IF]lIhl'.'El. .'I.I"'Fl (REEN II]'I.]-'l[L'I:-"" It ill'l.l'j
22 per cent of the respondent profile, respec-
ti\'t‘l:‘-', i.l'l[‘I-II...L'i!]‘_ﬂ al Ili!:l'll‘f T{'.‘il'l[]I'IM.' rate FIF{JI'I'I
researchers than from users (given the profes-
sional |1ml'||=' of 63 per cent researchers and
35 per cent users in the entire set of individuals
who were sent the ¢|m.'.'.[iu|1|1.|ir:_'.~.]. A small
number of respondents indicared that they
were industrialists, and a number of individu-
als indicated other positions such as malaria
q‘-.'nh::lgil:r, -_'|1|iq{q'n1infngi.~.|;. ar health services
researcher. Some individuals indicared a com-

bination of pmﬁ;ﬁim'ﬁ,

Roughly one-half of respondents worked in

the university environment (Figure 6.2). The

EOVETIIMENT SCCTOT Wis also well FL‘FIE‘-‘-‘.‘"E':d. A

total of only 2 per cent of respondents indi-

cated that they worked in non-governmental
organizations (NGOs), although the participa-
tion may have been greater if some of the 5 per
cent of respondents who worked in funding
bodies included those in NGOs, Some respon-
dents (3 per cent) indicared a workplace other
1]1..“] ‘I'I.L' E‘f[:lH-ﬂ'rfd c.‘ttr.'gnriq.':-;. .il'l!.l (I'I_t['r[#:d
international health agency and university field
station, A total of 7 per cent of individuals
worked in a combination of work environ-
MEnts, ;t]'l.':] ;Ii"'l[]ﬁ-t I:|:]rr.'¢:-|:;|u."'rt.'r:\ ‘TI- FL'HP':"]-
dents indicated that they were involved in

H‘.‘l.d'r\'"[i-'. iI'I a1 I]l.i];l[iit-{.“[lllt‘l’lllll: C"IJHIZI.'}'.

Just over one-fifth of all respondents specified
that their main interest was in immunology and
vaccine :lu.'\':.'h:pnu:nt (3. 4) {Figun: G.3), A sub-
stantial number of respondents indicated a main
imterest in the ]'.uin]ugl.' of Plasmaodinn (5) and in
intervention trials and health services research
(127, A substantial number also wdenafied a
combination of the proffered subfields as cheir
marn areas of interest, The subfield 1'::]1;;r.'rning
the development of diagnostic tests (13) was an
area |'H'!||::|]']}' r::pru.l:g':lucd hjl." the .l:.nnph;. Haowever,
as seen in the subfield analysis (Chaprer 4), the
subhield 15 small in:::rl::a:inu*1||:.'.

6.2.2 Translating research results into
practice

More than two-thirds of respondents indicated
experience in projects where research results
were taken up and developed turther, with a

view to improving the treatment or control af

Combanarion Combenanon
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Industrialnt! = T % Lirsrversiny
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" Approcmations are due ta
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cerwain individuaty who

i ¥bed & ComBanation of

peosicions.

Figure &.1: How respondents categorized
their professional positions
% al survey rospandenis)

Figure 6.2: How respondents categorized
thair working environment
7% of wurwey rewpandents)
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Figure 6.3: Respondents’ main areas of interest in
malaria research
% of Survey fispondinti)

malaria. A high percentage (74 per cent) of
these respondents were researchers, thus sug-
gesting the existence of active links berween
I'l.'.'i'l;';ll'Cl'I iﬂ[ld I'.h."l.'ﬂ.‘]lll?l'l'll.'l]t. II'I.I'.]L"."J. [l:IUEL'
rescarchers who cited experience in such pro-
jects represented a high percentage (64 per cent)
of all the researchers in the survey. This finding
supported the argument thae the field is well
represented by clinical research (see Chaprer 4).

Analysis of the responses was based on the car-
egories of malaria research (A-H: see Chaprer
4), because most responses could not be allo-
cated 1o specific subficlds, Most frequendy
cited experiences were in two categories: anti-
malarial drug :.{ia.q;m-'frg..' and :,’:'t,'w,'lnll-n'u:m (A)
and clinical trearment and pathophysiology
(D). Together, these categories accounted for
37 per ceng of all responses. These focused on
involvement in some stage of the development
and testing of antimalarial drugs, in optimiza-
tion of treatment or prophylaxis drug-dosage
regimens, or in improving methods for the
management of malaria. Examples included:
study of the efficacy of combinations ol anti-
malarial drugs; monitoring the development of
resistance to antimalarials, pharmacokinetic
and toxicity evaluations; studies of malaria
prophylaxis in pregnancy; the development of
non-human primate models for resting of anti-
sulphamalarial drugs: and trials of sodium
dichloroacetate for the management of lactic
acidosis in complicated malaria.
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Intervention trials and health services research
(F) was ciwed in 25 per cent of PesPONSes.
Examples included: field-testing of impreg-
nated bednets and their incorporation into

Iﬂlgﬂ,“-bi[;él |.r_' Ii,:l.llll'l'ﬂ'. I'I"}gfil]'!! s dl."l.".".[]].]l'[l!.'l![

of standard malaria trearment guidelines based
upon local information on parasite drug sensi-
tivity: design of treatment and control pro-
grammes; and advising governments and
NGOs on the policy implications of research

E{}I'H:I:T!'Iil'lg IT.I.'lIil rea treatment ilJ'II'i cont IIL'I‘I.

Immunology, vaccine development and vac-
cine trials (B) were cited in 18 per cent of
responses. Experiences included: characreriza-
tion of potential vaccine candidate antigens;
l.Il!.:'\-'l.:]UI'lI]'II.: nt "" 'I."ﬂ.'l.'l'.'il'l‘L':'i [11] i[“.h.LL'\'.' .'I.I'IEII]'I]-'I.I.J I=
ial cyrotoxic T cell responses; monitoring
human immune response to specific antigens;
animal and human vaccine trals; and the
development of vaccine delivery systems.

Fach of the other categories of malaria research
were cited much less frequendy (<8 per cent of
FEspPOnses ).

6.2.3 Untapped potential of research
results

Half of the rs:ﬁ.pnml::ntﬁ indicated that they
were aware of research results which might have
influenced the treatment or control of malaria
bur which had not been developed further.
Again, a high percentage (71 per cent) of these
respondents were researchers. Those researchers
Whﬂ WEre awWans {TE’ I'{.".U.'I'I:I'Ch |'L".\l|.| [% \\'I'Iiﬁ.:h I!-'l'l'.l
not been developed, despite their potential
impact, represented just under half (44 per
cent) of all the researchers in the survey.
Consequenty, over half of all researchers were
not aware of any research results which were
|cf-t unl:xpln'tt:d. L]E{.'ﬂi Whﬂ Wore awanc “II
rescarch results which had not been developed,
despite their perceived potential, represented
almost one-third (29 per cent) of all the respon-
dents familiar with examples of unexploited
research. Consequently, over one-half (58 per
cent) of all users knew of research resules which,

potentially, could still influence the treatment
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or control of malaria. Barriers to the transfer of
research results are discussed below.

Many different cases of untapped research
ll.':il,l.lhi WLOIC J'R'PI:'I‘F[L“(] -'|.|'|1.I f.":c.l]'l'lph.".\ Aare Ii?ﬂi[L"d il'l
Annex 8. A substantial number of the cases
lu'usrtu."l.l WL |'|'II'.'Ti'|.I:KI51 Ii:r II'H.' [l'l;l!'l.ig!.'l'l'li.'l'l[
and rearment of malaria. A number of exam-
E'I'lL'H were gl."l'l'.']'l 1?"- ]H:Itt:rﬂ i-'tl ant I|:|'I:|-'|.|.;|:|'ii|| d I'-”Fr“'
that were awaiting further development, and
SOTE rd.'.‘il'll!ll'ldl'l'lt.*; -'llf'i';'l' n'f;:‘rn.'d (4] tl'“_' I..“.'Ii UI.
incentives for commercial investment in the
tiﬂ"‘-'t'll]l'll]'ll’.'ll[ |:}:|'-.1[!t]'n1.'l!.|n'.1| I'." "JF..\ ;“HI \'JL{:i"L‘I\.
Several individuals expressed concern that some
".'.‘i‘."-'ll[.']'l rﬂ.‘tl.l.lt.‘i I]:I.{] 1“.:1"" .‘ll'[L'[.'tﬂ.'ll :|'-|::|r I.ll'l't':“.'f
development or implementation withour ade-
quate evidence of their effectiveness or value,
6.2.4 Barriers to the transfer of
research results into practice
Respondents identified three groups of barriers
limiting the transfer of research resules into the
trearment and control of malaria. These
barriers related to: obstacles in the design and
organization of research programmes; issues
concerning the evaluation of research resules
and the development of new producrs; and

TCROLITCCS 1N I'L'I.'I.Eil ria -1."I'LI'.1L'I'L'I IC Conaniries,

Barriers relating to the design and
organization of the research programmee

Insulficient onentation o wser needs and inade AeEate

"'|-|||"|-l|\.-| AL ||| 1] 5 :ll'\-lll"
Several issues regarding the organization of
highlighted.

research

research I.'ll'll[_[l'.ll]'l]'l]i:h were

Insufficient  orientation  of pro-

CITS Was

grammes on identified needs or prob
cited by a number of respondents. A low
dAWATCIiESS I'l}" ].',Hﬁi{ .'lil'.'il.‘l'ili.‘ilh- 1]" [hl.' |:|'“."L'h:l-
nisms and requirements for product develop-
ment was :ll!'i-" I'_':it‘."ll. Il‘l.'!’il'l‘l“'lil‘.'rllh -'EI.‘i“' ik."ﬁ.'L'i\"L"J
a need for increased standardization of tech-
niques, reagents and data analysis methods
=mployed in field wrials wo ensure comparabilicy
of research resules.

Fecommendations to deal with these barrers

included strengrhening links berween malaria

&b

control  agencies, health  workers  and
researchers, as well as increasing interaction
between basic scientists and workers in clinical
and field-based disciplines. Measures recom-
mended for improving the dissemination of
research results in malaria-endemic countries
included: publishing in journals accessible in
developing counrries, inclusion of a ‘recom-
]'l'.ll.'l'l[].lljﬂ“ﬁ‘ M.."{.'ti{ﬂ'l il'l i"".ll.'l'li'l] fnrl:ll:ltx, 'ﬂ“i.l
strengthening  Interner facilities. Increased
:il'.l\".'.\"'[".'l'll I|:|'I []Pﬂ'l’;lti.[]l'lqlt rt.'M:;ir{,'ll WS .‘II‘;[}
recommended to optimize implementation of
I..:"l'lln'll. :ll'l{i treatment ]'l'li..'ll'l{!F.{H Ol |.ITgl.' ﬁl:illﬂ."

and under nan-ideal conditions.

Barriers relating to the evaluation and
development of the results of research
Inadequate mechanisms for evaluaong findings and

for developing resules into pracrice

Respondents cited the need for an effective
mechanism for the independent evaluation of
research results which have potential for
improving malaria treatment and control,
They also indicated thar the substantial cost
involved in tulfilling registration requirements
was a major inhibitory factor in the develop-
ment of new products. The

ack of incentives
for commercial companies to invest in prod-
ucts to be used in resource-poor countries was
highlighted.

I{I.:.\F""{il.'"l!i rl.'l'."i"l'l.l'l'l{.'l]llﬂ.'\'ll tl:l-"ll [.{{:I'l."l.'rrlrm:l'l.l:i
and donors — possibly the WHO - should rake
a Inorg IT“HII:.'IIEVL' J'UIL' in f\'ﬂlllﬂtltlltg n.'.‘iﬂ.'ﬂ.rch
results and in developing new products. This
{;I'H.ll'l;l jl'l"t"fll"r'l.' l.'ﬁ-t:ll'll.i.‘il]ll]'lg fﬂ]l!ﬁ[]rtiﬂ lﬁf Il]'lh[‘l—
tutes and companies with relevant expertise in
Pr{!d.ut:l lIL"'r'ﬂIlTFﬂll.:]lr, |1rﬂvi1{ing [ax ]I"L'L'".ti‘ﬂ.'ﬁ
to companies and tailoring the complex regula-
(L&} r:-" Tl._'{!'l.lilﬂml:iltﬂ {]'F llﬂ:'-'{.'l.[]Pﬂl.I l.:{]'l.l]'ltJ'I“.'!t o a
registration procedure more appropriate w
developing countries.

Another |1nrn|.1|q.'m identified by a number of
respondents was the limired facilities available
I'-CIT I:I::Ini,luf,.[i.l'lg I'I'l'l,.' l‘lﬂ“"]il‘ur}" :itﬂ.gi.‘!’i 11" Yac-
cine trials: only one suitable facility exists in
1",1|:rn|h_', which 1s :.l':urti}r to close, and vaccine
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developers are primarily dependent upon facil-
ities in the USA and Australia. Respondents
recommended that facilities for conducting
the preliminary stages of vaccine trials be made
more readily available.

Resource limitations in malaria-endemic
countries

Resource limications in malaria-endemic coun-
tries cited by respondents included: insufficient
research expertise; inadequate local policies for
.1F1]:mpri.|lr.' llrug and msecoicide usage; nade-
quate infrastructure for the implementation of
leecal policy relating to health services; and gross

underfunding of health services.

h'i-.'.nun.':\ o EilLl‘iEE‘ II'H.' Iill..'k UFI{'&L"JI’LI'I L'i\.j."l.'l =

tise included greater Illnding of collaborations

berween laborarories in developed countries
and malaria-endemic countries, and greater
:.‘!:l..'h.lngt.‘ I::IF [l.!i.l'll.'l.'ﬂ IH'l“'lL'L']'I. [I'“."NI.' t'[]ll]ltri.l’.'h-.
Increased communicarion berween individuals
il] LlIH:.:rL'I'II! rl1:||.l.n';l-t'rlttulni:. COoUntries was

| | R0 51 I.F"_l-_‘ﬁ‘.hfl._'[_'l .

I:lllﬂlL'i' TL"LUI'III'"L'I]I.IJli(]llh I|“.||.“.I.l.'li.|. il'l'l.'fﬂﬂ“'\‘l]l![
the funding of local health services, and estab-
lishing an adequate infrastructure for the

implementation of policy decisions relating to

health care. International leadership in the
effective management of new and existing
tools for malaria treatment or control was also
considered very important, for example by
ensuring the development of policies for drug
usage that aim to prevent the further develop-
ment nﬂ,lrug resistance, | he pnau:uiﬂl for the

WHO o play a more effective role as an inde-

pendent adviser in coordinating, informing
and implementing policy decisions was identi-
hied by a number of respondents.

6.1.5 Collaboration, dissemination of
results and networks

Communication nerworks were .1.|1.|]j.'n-.-|.i on
the basis of two groupings, researchers and
users (see Table 6.1 for defimuons). The per-
l!.,'i:l'lli]gl;' I:'Ir- I'I;"'-ul,'ijﬁ,'l'll,']"& ﬁ,‘l'l-l'!l]'[i:]lg fl'glll.ir LOIn-
munication with other researchers (81 per
cent) was I'Iil:_[':]t'l [t]ill'l [hﬂ l"‘L']'I.L'I'I'iI!,."_{' (]I‘l Hsers
reporting n‘gu].u communication with other
users (68 per cent) (Table 6.2). However, a
higher percentage of users reported regular
communication with researchers (74 per cent),
than did researchers with users (34 per cent).
Onwerall, these results suggest that the majony
of respondents (researchers plus users) engage
in regular communication with others work-
ing in malaria-related disciplines. The excep-
tion was the low percentage of researchers who
indicated thar they had regular communica

tion with users.

The percentage of users reporting a need lor
improved communication (Table 6.3) with
righer than the
percentage of researchers reporting a need for
improved
researchers (26 per cent). However, a higher

other users (54 per cent) was

COMIMUNICATIon with other
percentage of researchers recognized a need for
i|11|1rmr¢-.| commumnicanon with users (43 per
cent), than did users recognize the need for
improved communication with researchers
(29 per centl, Owerall, a need for imprn'.'::q,t
communication with users was viewed by a

Percentages of researchers or users who view that they

have regular current communication within and between groups

The views of ...
with (other)
researchers (%)
researchers on their ... 8l
users on their ... 74
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higher percentage of all respondents (researchers
plus users) than was a need for improved com-
This

|.'31:|'-|1.ij.':.':~ the growing recognition of the role

munication with researchers. ressule

of the user in the research process.

Scientific journals and personal communica-
ERCHI WOTL 1.'.1H:\i.l.|l.']'l:.'1.|. ]3". .I.” I'i'\j‘ll.:llll:lL'l'“h. L h-l.‘
the most important mechanisms for obraining

o rmation I]'ii_',un.' G.4a). Researchers and

users reported broadly
1]I“.Iil'|l|l!3h Illl;il'l'lt'luﬂ il:lll. .!l[I'IL'II.lg]'I fl':\t'.lﬁ.'l'll'r.\
gave less importance w reports, Interner and
mechanisms  (television,

informal !HJ]mLar

press and radio). There was less agreement
between researchers and users wich reference o
the dissemination of information (Figure
G.4b), Whereas researchers rated iuurn.ih as
most important, users rated both personal

commumication and conferences as  most

important.

Almost half of the toral number of respondents
indicared an involvement in research net-

'|'|-'HI.I'-J'-.. J'iliﬂ'r't"r'l'.'l.'. I.thhl'.'l Hllll'l.l] I.HI.l.LII'll?I.L'iHl'I

was minimal: only one in 10 respondents indi-

l.l“."l.] AT il'l'\'"l"-'L'II'IL'II‘I il'l l.'”".l.hl.:lri“ won  to
implement/disseminate research results, and
only one in 20 said they had access to policy-
making arenas.

6.2.6 Measures to strengthen malaria
research

i{L‘hp"llL‘IL‘J“h I'iIII]iL'Li i I'Illllli.li.l..lf‘-d.l.l.'l]i.lli]f:'-'
.I.I'I-E'IFL'I.IL']'I [ (4] EL'“.'.irL';'I as [I'll._' st iﬂ‘.ll_‘.ltl-l'[,'l_l'll
Measure t‘"l’ I‘w-':Il'[]!_;[|']{'I'I.III!['L llll’ I-Ii'll.i l]‘l. II'IiIi-IJiiI

research (Figure 6.5). Researchers and users
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Figure d.4a: Methods used to abtain information on
current malaria research
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Figure &.4b: Methods used to disseminate information on
current malaria research

also ranked vwo other measures as important:

:irnprm'r:d consultation  with  wsers  and

:i"‘l.l"r‘“l'ﬂ'll ll';lil'lllllg ||'| ]‘[:I-;l.ldl']‘-;l":[:lll‘:i'l‘l:il COun-
tries. Both rescarchers and  users viewed
:i"'l.l‘r( F\'i'll 1T lh‘lll['-' ||l- ressAanre I'H.']'b A% l‘.'l;lli\'l:l:l'

unimportant.

Percentages of researchers or users who view that
they have a need for improved communication within and

between groups

The views of ... need for improved
communication with
(other) researchers (%)
researchers on their ... 6
users on their ... 249
&8

need for improved
communication with
(other) users (%)

43
54
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Figure &.5: Most important measures for
strengthening malaria research

&6.2.7

I.I‘Ill.' illlill}'!'ii.‘i Walh ili,"_ﬁil] h.]'\:l."'l'j i [I!Il.' L'i“‘t.'gﬂnl'il":\

Under-resourced subfields

of malaria research (A-H: see Chaprer 4),
because most responses could not be allocared

L8] !\FJL"EiEL' Z'ill‘l'!lﬁﬂ,'ld.‘i. I[.‘t'll.' {:J"L‘gﬂl}' “’l'l'iL'I'I Wik
cited most frequently as likely 1o benefit from
increased effort in resources was intervention
trials and health services research (F), Ths
sublfield was cited in 23 per cent of responses.
Attention was drawn to the need for promot-

ing research into the i.|11p|::m:.'nm|;iun of con-

trol measures, including consideration of

CLII[LIT.'{'. ;II'I.d L’L"L‘ll'l.ﬁ]'l]iil.' I';m:iun.

Several other categories were also perceived as
under-resourced. Basic studies of the parasite
() were cited 1n 15 per cent af all responses,
Respondents suggested that a greater under-
standing of parasite biochemistry would reveal
P'ir:ﬁim—ipcci'l:'c 'P'll;l'lw:l}"i OF Processes thiat
could be argeted by chemotherapy. Funding
directed towards obraining a complete map of
the genome of P j;:frrf:nmu was also sup-
ported, as well as the deve of effective
transfection systems for P falciparum.

Epidemiclogy (E) was considered under-
resourced in 14 per cent of all responses.
Artention was drawn to the need for varnous
studies: on the epidemiology of childhood
malaria (from birth to the age of five years); the
use of immunological wols in applied epi-
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demiology-entomology  studies; and  the
implementation of improved methods for the
collection, handling and analysis of statistical

imformarion,

The category immunology, vaccine develop-
ment and vaccine trials (B) was cited in 12 per
cent of responses. Studies of the immuno-
gﬂnicit}' of vaccine candidates in primates was
given as an example of a specific area thar
might benefit from greater attention. The carte-
gﬂf}" :ll“:i[l'l:llﬂ!'l--"ll. dllli: {]if‘il'_'il'\-'f_'r." :H'l.l'j ll‘."'r".']lll"
ment (A) was also cited in 12 per cent of
responses. Other subfields were less frequendy
likely 1o

research effore.

cited as benefic from  increased

€.2.8  Future prospects for advancing
understanding

Figure 6.6 presents the views of respondents on
tl'l.l'_' I}I.'{!HI'I'L"'L"'H. JIH ﬂ:ﬂ.ﬂ.'i] :\llhﬁt‘l[j. [.1“' Hl]hf‘ifﬂnﬁﬂ.l
advances in understanding over the next five
yvears. Two subfields, genetics of Plesmodiaem (7)
and biology of Plasmedinm (5), received the
greatest percentage of vores cast for subficlds
considered 1o offer ‘very good’ prospects for
making substantial advances in understanding
(43 and 34 per cent of all responses cast in each
subfield, respectively). Some respondents also
anticipated thar the probable sequencing of the
malaria genome within the next five years may
lead wo new challenges and opportunities hicherto
unidentified. Three other subfields were also per-
ceived by a large number of respondents as hay-
ing  very good
1.||1-,|;'rsrr||1-;|ing in the medivm terme r,“l_'li.dt,'l'l’!lii'll-
ogy and mathemarical modelling (11: 23 per ceng
of all responses cast in that subhield); intervention

prospects  tor  advancing

trials and health services research (12: 21 per cent
of all responses cast in that subfield); and
irl]rmmu]u-g}'al:ld 'L':H;L"lllc1[1.".'1:|upm|_'nt (321 per
cent of all FCSPOISEs Cast n thar subhield),

Prospects in each subfield were also examined
'FI'G}I'I'I tl'll'_' i'I'L'IEiIH.'vL'[ II'I."‘.' "E- t]'![]!’il" “-'I]" “"ﬂl.'li. mn tl'l-'lt
subfield. This analysis is necessary to detect the
extent to which experts were voting for their

own subficlds. Figure 6.7 presents the percentage
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of subfield experts who rated their own field of
expertise as having very good prospects for
..“.I"u'-l.|'|L'I||'|.|'.,r|I |.|JIdl.'lh';i:l'll'.ﬁl'lj:.':I over |.]'I|'_' next Ei'\'l'.'
years. For example, 81 per cent of all those indi-
‘-'“lﬂ-‘llf\ “'i'lll :il“lllﬁ.dlﬂ.'ll l]l;“. [hi'ir I‘lﬂlﬁ.l I;TI'I [".;lil.l
interest was the genetics of Plasmedinm rated
ll'litl SAarme HllITE;L'kl % I'l;.i"u'lll'lg ¥ery F’l]ﬂ{{ I‘nlh[mclh.
However, caution in interpreting the analysis is

lll!:L'li.l ER."I.'-'IIJ.‘-L' E}l\ h[]ll'l. II'II.' \'.'llii.ihll_' [Illl'l'll"‘l.'l' U‘F

subfield experts (# = 1-24) and the small num-
"}L'l "E.L‘XI‘L'I"H i" L'L'll:li]l r-».llhﬁv::]f.t:‘ {L"gl. lli..ll.’,“[]:\-ti{
tests, where n = 1). Nonetheless, the results
suggest that in three subfields more than half of
the experts rated each of those subfields as hav-
il]g 'ﬂ.‘r:l." E:I:Jﬂll le.l:l:lt."l.'l!.'.' ji:J]' ﬂ{l\'-{[]fi."g l.l[:llll'_'!"-
standing in the medium term: these were the
i_l,:,'nulir;'i (7). hitﬂucg-‘ (5], and biochemisery (6) of
Plasmodinm. The single expert working in diag-
nostic tests (1 3) rated his area !'illj:[]'ll}". This analysis
presents an interesting viewpoint given that
subfield experts may rate their own subficld
highly for two related reasons: familiarity with a
subfie

d and commitment to its huture potential;
or vested interest in encouraging support for
one’s own arca of research, In this sense, the
ﬂ.'.‘-l.]]th- II“.“'II I:Ilgl.ll'i.' h? EJH ﬂ'idl.' I.Hiﬂrl.ll III'l'-‘IE{h{ ﬁ’:t‘

interpreting the resules in Figure 6.6.

5.1.9 Funding malaria

Recommendations for the 1:.1;|1u.'nl.|ill.m: af
USE 10 million in malaria covered seven
main areas, and each respondent had muluple
suggestions for spending the money. About
65 per cent of all respondents suggested
funding research. Specific recommendations
for the funding of subfields were very similar
to the opinions expressed concerning under-

resourced subfields reported above,

Approximartely 40 per cent of all the respon-
dents recommended investing in human capi-

tal, through education and training, career
structures and exchange of scientists. About 20
per cent of all respondents argued for the use
of funds in each of four areas: (1) treatment
and conrrol policy (such as the development/
moenitoring of r..‘:rug wselcontrol Programmes

or the provision of bednets, insecticides etc.);
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(2) communication, especially via networks
and workshops: (3) research management
(such as more muludisciplinary  studies,
research goals wargeted ar health needs, a
balance berween short- and  long-term
Imlir,';;t.'.'f:lims.. and a balanced |h:lti‘h]iﬂ af sukb-
fields); and (4) infrascructure — both organiza-
vonal (such as malana research instrures or
development agencies) and local or regional
in malana-endemic areas (such as in laborarories,

equipment, information systems, or techniques).

Recommendation was also made for invesi-
ment in schemes to promote the translation of
research results ro clinical practice and control
programmes (10 per cent of J‘l.'!iI'I[JrItIL"tI'[S}. as
well as industrial involvement (7 per cent of
respondents),

Figure 6.6: Prospects
in each subfield for
substantial advances in
understanding over
the next five years
[where n = total nember of
redponint)
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Dirug dideovery and
develapment {1.2) (n=10)

Imnemurnadogy and
waccines (1.4) (n=24)

Bacdiy of Pladmodam
(5) (n=16}

Biochemisiry of
Plapmsaduim (6] (r=5)

Genetics of Plotmodum
{7} {n=5)

Clinical treatment and

pathaphysiology
{8, %.10) (n=7)

Epidemiology (1 1) (n=&])

Intrwisntngn trals and
health services redearch
(12) in=14)

Diagnostic vests (13) (n=1)

Mosgquito vector studies
{14} (n=6)

Figure 6.7: Percentage

of subfield experts
who rated their own

interest as having very

good prospects for
advancing
understanding over
the next five years
{where n = vowal number of
subfields expercs)

I'I|||lI

e . s el

6.3 SUMMARY

The survey highlighted a number of key points
t.'"l'll.'i.'l.'l'li.l'l#| lL'HI'.'.Il'E.I'I :Il'lll l|:“.‘ il'l'll.'.lll.']'l.“.'l'“."if'l‘fl {:I!.
rescarch results into practice. More than two-
thirds of respondents indicated that they had
LJL'FM:H:I:I X I.'.IL'Ti'L'l'lL'L' 1?". 'l]rl:'l'il'i.'l.‘i 'n't']'l.L'n' Tﬂ'ﬁ-‘.‘illl'_'l'l
results were developed for improvements in dis-
ease prevention, trearment or control. However,
al.IlT“]‘!\[ I'lil.l.ll l:]+-t]'|.l'.' ri.'.‘i!“““lL']llH wWore -'llf'i(] LWL
of valuable research results which had not been
developed. These findings indicare thar research
in the fhield of malaria has the potential for hav-
ing a direct impact on health care, but thar the
potential has not been fully exploited.

Three groups of barriers to the transfer of
research results into pracrice were identified.
These barriers related vo: (1) abstacles in the
dq::mign and organization of research pro-
grammes, (2) issues concerning the evalua-
tion of research results and the development
of new |‘.ir{:|l|1|n::l‘:1', and (3) resources in
malaria-endemic countries. Key obstacles
were insufficient orientation of research pro-
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grammes to practical problems and public
needs; inadequare standardization of field
":L'I'll'll-ll'll.f_'.\: illhll[‘ﬁ.l{iﬂrlt |'|IE.'L']'|..3|::|IE5-|]'|..‘| £ L"'-'.]l-
uare l:.‘l.:ulr{l'l IIL'.'NI.IET,_'\ .Ill[l (L1 ] Lit"."l'jﬂl] I'I'"'I'I.llk [
o marker; and limitations in human capiral,
jl'll‘l-l.h[ll.“.'ll]'i.', -I.l'llil Illll'll:llr:l“r.‘,.I i.ll ||'|;||;Ir!.|.-

endemic countries.

The identification of these obstacles raises a
number of issues of relevance o international
agencies and funding bodies, as well as 1o gov-
ernments in malaria-endemic countries. Fiestly,

h]"ﬂ."ﬂ.'.ll‘h.' pr::||1-|¢|l1.\. .'II'II:_‘I LISCT I'IR":..":.I‘G ol ?I]ll'.E |.T"L' I:.I.I'{'l.‘l'l

into account in the design and support of

research  programmes. To achieve this aim,
encouragement could be given, and mechanisms
supported, to promore active and international
communication between groups. In particular,
interaction between scientists, administrators
and policy makers on the one hand, and health
services practitioners and advisers on the other

hand, |11igh: be s:nu;nur.ugu:-.l.

Secondly, the need for 2 mechanism o evalu-
ate research results for their porential uprake
into practice offers a unique opportunity for
=0 irlt:.'r:ll.ll:in::-lm| l:'l-l'g:ll'l'i?'i“l‘i“'l — I'H.‘llldph II'H."
WHO, an NGO or a funding body — or
indeed a collaborative group, to play an influ-
ential role in inlh:rming, n..u:mlil].tling and
implementing policy. Evaluating the effective-
ness of health-care interventions using reliable
ﬁ:l.".\[i.‘"'ldtiL' TEVIEWS i'lu [JLELYS "u'\'iﬁ.'.L'I:'u' ey IFE'lii':L'I'j LY
uscful practice in both planning trials and
informing policy. A precedent for such a
mechanism is the Cochrane Collaboration, the
international network  for the  systematic
review of clinical research results in specific
|:“.'1't|1.|'l-|;.;“1." Il]'“l'.'r'-"l."l'll‘“"'l.‘- ‘I:sl'l.'{:l -"ll'l'lj IlL'J'I]“.L'..

1995; Garner et af,, 1996G).

Thirdly, the need tor establishing mechanisms
for the l;,E:,"L'l.,']HI'I-I!I1|,,'JII’ of ]mhluut.\. offers an
opportunity for an NGO or funding body 1o
have a proactive role in an arena which is
:}'piu.l“}r the remit of the private sector or
regulatory commissions. Alternatively, a con-
sartinm could be established ro include groups

71

RV



e OPINICN SURVEY

with relevant expertise such as industry and
government, as well as NGOs and funding
agencies.

Finally, the lack of scientific expertise in
malana-endemic countries r|1ig|1|; be addressed
through increased training and collaboration
WI.EI.'!I I'I{!ll'l.-l.:l'l.[i',.'“'iil..' I'.:I:]'I.Illrlili..".\. IIII'H: ﬂ.{i.:"l:"ﬂ,.'l{!l"l'lﬂ!'"
of further overseas units, such as those funded
l:}:.' I'I'IL' “’l’“ﬂ.‘ﬂll“[" I.Ill'l_”;l' .ll'llt I'I'Ii.' L“"': h"{l{{. :..
might assist in this process. Furthermore, over-
seas units have a role not only in training, bue
also in encouraging project design which is rel-
ative 1o needs in malaria-endemic countries, as
well as providing a route for applying research
results to field conditions.

The survey also identified specific measures o
th.'ngll'u:n the field of malaria research, and
subfields with particular promise or needs.
The most important measure to strengthen the
field of malaria research was considered the use
of a muludisciplinary approach o rescarch.
The caregory judged ro be most likely ro bene-
fit from greater research effort, improved train-
ing opportunities or an increased inpur of
funding was intervention trials and health ser-
\'I“.'L'H rL'M.':IrL‘l'I. 5‘!"0'!.'[';]] ul!l?u:r ﬂ.i!i:g::rl'il:h Wire
perceived as under-resourced: basic studies of

I'I'IL‘ I'I'I Fil.'oi.l = L'I'Illll.l'_' I III'II!}E_'..’L IIJ'I:I I]'II.LI':E}[[]E}' d !Ill

vaccine development; and antimalarial drug

[]i.,‘l"l.‘llll]‘l]'ll'.‘[l[. I.Illlt.! iI"[]{iIti{!]l Hj'- t:lll'lllzh [E8]

research was recommended in these areas,
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The subfields cited most frequently as having
very good prospeces for advancing understand-
ing over the next five years were: genetics of
Plasmodinm (7) and biology of Plasmoedium
(5). A high percentage of the individuals who
identified their main area of interest in basic
studies of the parasite (5,6,7) also perceived
"I'l.l:]‘:\i'l..' ﬁ-uhﬁﬂ'IdN as I'l:“"ing ‘r'ﬂr:-r gl:“'l[i Frﬂﬁplﬂ;l’ﬁ.
Caution is required in this last interpretation,
however, because of the small number of indi-
viduals involved.

This chapter has surveyed and analysed the
views of the broad malaria community including
researchers and the users of research. Both scien-
ufic and infrastructural issues have been dis-
cussed. The active role of research in the practical
treatment and control of malaria has highlighted
the importance of investing in research and pro-
moting health care which is evidence-based.
However, barriers which limit the transfer of
research results into practical application have
also been identified. The report has suggested
mechanisms to tackle these obstacles, and high-
]igl‘“‘ﬂﬂt tl'l.l.' ]'II..:ﬂd. ﬁ:ll' Il"ti,.'"'l.;“iiﬂ'la] ill:t:i‘"]. [l I'l.;“i
also indicated which subfields are viewed by the
community as being currently under-resourced,
and which have the greatest prospects for
advancing knowledge over the next five years.
These findings should be of interest 1o all those
engaged in the research, treatment or control of
malaria, and to those organizations which sup-
port scientific studies in malaria.
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DISCUSSION AND POLICY ISSUES

Malaria is a major killer which threatens 40 per cent of the world's
population and causes between 1.5 and 2.7 million deaths per year.
Disease prevalence is increasing and geographical boundaries are
extending. The main factors influencing this growing burden are
decreasing efficacy of both antimalarial drugs and insecticides, major
environmental developments such as land clearance for mining or

farming, and social disruption such as that caused by war.

The current situation demands informed action in disease prevention,
treatment and control. Any practical approach to combat disease must
be underpinned by research which is focused on specific public needs
and characterized by excellence. The current study has indicated the
impact which malaria research has had on practical health care.
Indeed, more than two-thirds of respondents in an international survey
of the malaria community indicated that they had personal experience

in research that was later deveiuped to improve the prevention,

treatment and control of malaria.

7.1 POLICY ISSUES FOR MALARIA
RESEARCH

Funding trends

Despite the extent and severity of the condi-
tinn. alh “"1..'” s "I'.Ii.' Fm\'ﬂ‘l’l V;l.ll,;l.ll.' nl'_rnr.'st:a I'II:I'I E-l'.il
practical health gain, global expendirure in
malaria research is very low. Total identifi
-able worldwide spend was approximatcly
US$84 million in 1993, representing a
research investment for each malaria-related
death of approximarely US$42. This figure
compares very poorly with available dara indi-
cating that research expenditure per death may
be orders of magnitude higher for conditions
such as cancer, HIV/AIDS or asthma.

The funding survey revealed that support for
malaria research is principally derived from
governments in Europe and the USA, and
from international bodies. Support from
industry was difficult to discern, but is likely
to be low, The largest source of funding is

MaLaria RESEARCH: AN AUDHT OF INTERMATIONAL ACTIVITY

currently the USA, although there has been a
downward trend in funding from that country
over the past 10 years. Meanwhile, the trend is
upward in the UK, and especially ar the
Wellcome Trust where funding effort has
Ill'l.'l:l'ﬂ';l.'iﬂd l:ight[nld i.l'l tl'“: I'l.'l?it d.i.:l:.i(lﬂ'.

Research outputs

An analysis of worldwide publication activiry,
identified through scientific papers written in
international peer-reviewed journals, indicared
that the total number of malaria publications
per year is approximately 1000, This figure is
very small compared with other biomedical
fields such as cardiovascular science which has
over 70 000 publications worldwide per year
(Anderson er al, 1994). The USA is the single
largest  contributor o malaria  research,
.1|t|'mug]1 s share of world pl.LHi:;;Lrinns has
been decreasing over the past 10 years.
Meanwhile, the share of the UK ~ currentdy
"I'Iu SO0 nd—i.‘lrgt:ﬁ.! I:‘]-lltfil'“l'{]]' “"ﬂr]{h'\-'il‘lﬂ' e i5
increasing. The number of acknowledgements
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mn l[.':\d.".lri:l'l Fl.lhll'ﬂd[l[‘ﬂ\ li]rF‘L'I:.' I:"lrrl._'.‘;i}['r“{li.‘d
with the relative funding levels of different
agencies, as determined r|1m|.|g,|1 direct survey
of the funding bodies. Citations to the papers
s;uppurlr::,{ by major ﬁ.mding bodies were more
numerous than citations o papers acknow-
|-.'dgi|1g other nrg:n:niz;l:inns. These results indi-
cate the high scientific impact of research
funded h:v the major .1E¢|1ci¢.u.

International research in the beld of malana
covers a large number of subfields including
both clinical and non-clinical areas. The study
showed that worldwide research publications
are evenly distributed across most subhelds,
Two categories have had the largest share of
outputs: clinical trearment and pathophysiol-
ogyv: and basic science studies of the malarial
parasite. However, studies of antimalarial
I.II.'I.I.F.:I'. i[llltlllfllllﬂﬁ'ﬁ L'F'idl.'l“i.{]]i]g}" -'tl'l.l'.i 1§ pENESE
quito vectors were also well represented by
;ll'tl'.i. !'LI:J]!':' L1

P“hllll'.'ﬂ.! i:l:] (1 LN I[l fervent I||::|'r| lr:i-'tl.
vices research appeared less active than other
Nll.h‘ﬂ[.'ill!\. [t‘l]ﬂl]gﬂ.":‘i il'l lﬂﬂ'l..'-]!'l:]l c‘ﬂll]hi!hiﬁ Ve
the decade have slightly favoured research on
the genetics of Plasmediem, as well as the ¢lin-
ical management of malaria. Meanwhile,
emphasis has shifted away from the biology
and biochemistry of Plasmodinm, as well as
mosquito vector studies,

Laboratory-based studies have been predomi-
nantly located in c|m:¢:|{:|'|n|_'r.l countries, whereas
clinical and field-based research has rended o

have a broader geographical spread. including

many developing countries. The emphasis of
rescarch in the UK has been on basic studies of
the parasite, as well as pathophysiology and

d.lfiﬂ‘.'l.!'ir." yim E}t"l'l'l:\ "I. I'I'I.il]..'tri.'l.

Future opportunities
The need o focus limited financia

resources
in all fields of biomedical endeavour, as well as
the increasing disease prevalence of malaria,
demand that funding for malaria research be
J}JITTF?FJFIHI“.'[_'-' I'ji.rl":l‘l.'d L84 ﬁuljji‘:ldh '“"h i.ﬁ:]'l I'ﬁl\'l'
good prospects for advancing  knowledge
and/or improving the qualicy of health.

T4

Expert scientific opinion of the Wellcome
Trust pt’]l‘lllﬂlllﬁ of papers identified :ip:c:iﬁc;
research topics of high future potential. Also
identified were several broader areas that cut
across a number of malaria subfields. These
included genetics, drug resistance, and trans-
mission dynamics in relation to malaria sever-
ity. Members of the international malaria
community, including researchers and the
users of research, most frequently cited rwo
sublields as having very good prospects for
advancing understanding over the next five
years. These were the genetics and biology of
Plasmodinn. The under-resourced subfield
which was perceived most likely to benefic
from increased rescarch effort was intervention
trials and health services research. This area
was also identified as having a low publication
owtput, The analysis suggested that a focus on

one of these subfields may encourage research

with a high potential impact to promore cither

|ir|m'.']||:{.ig¢: or l'lli.ill.'[ IIli.'.'-l.l I:Il.'illtI'IL.'I:IE g_i.lil'l -4

Barriers to the uptake of research
results

Thl..' SLACLLSS .'ll'l[.{ il]lllill:t {]:F n."hﬂ'ﬂ.rl'_'ll '.Iﬂ'l."l"_']'ld_'\ on
effective mechanisms o transfer the resulrs
o p:r:tr;t'u;.al appiicatinn. Effective mecha-
nisms to transfer knowledge into practice are
r-:quirq't.t 1o overcome the very real obstacles
which limit or prevent the uptake of research.
Indeed. almost one-halt of the respondents in
the international communiry survey indicated
knowledge of rescarch with potential healch-
care gains which had not been developed.

Three groups of barriers were identified. The
first group focused on obstacles concerning
the research itself. Respondents cired insuffi-
cient orientation of research on user needs, as
well as inadequate standardization of methods

used in field trials. The second group of barri-
ers related to issues concerning the evaluation
and urilization of the resuls of rescarch.
Respondents cited insufficient independent
evaluation of research results, as well as inade-
quate schemes for the development of research

resules into products, The third group of bar-
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riers concerned resources in malaria-endemic
COUNITICS. ]i:.-.xrmndi:nn citedd limitations in

both human capital and tunding.

Tackling the barriers

The identification of these barriers raises a
number of issues of relevance wo international
agencies and tunding bodies, as well as to gov-
ernments in malaria-endemic countries, These
include options to direct and manage research
funds to best effect, and o evaluate and
develop the results of rescarch.

Clearly, ipﬂ:iﬁr_' pmhl:.'m.t: and wser needs could
be raken more into account in the orientaton
of research programmes. To achieve this aim,
J'L'IH."I.":"L'L] L"H"ﬂ-f':i I'.'l'“llf.i I'H.‘ II'I.:H.II'.' [ {4] |'-r-:}n1t1'lt.'
active communication berween individuals in
malaria-endemic and non-endemic countries.
I':[]I,ILI”:\"., rl.l]'[hl.'r L'I'Tﬂrt.‘i Lh] il'li'_'l"."-'lf'il' 'l'_"lll'll'l'l'lll'lll-
cation berween professional groups could be
recommended, especially berween scientists,
administrators and policy makers on the one
hand. and health services practitioners and
advisers on the other. The management of
ﬂ.'.‘il.:-l".']'l L'HIJII:J. I'N..' I‘I'I'IITI'{]"-"L‘[! I'I'_"|' M"‘u"i.'rﬂl. TSNS,
further attempes to introduce standardization
of methods in field trials, increased investment
in npr.'rn!i:}n'.ﬂ research, wider dissemination of
research results, and greater rescarch collabora-
tion berween countries.

The need for a mechanism o evaluate research
results for their potential uprake into practice
offers a unique opportunity for an interna-
tional organization — perhaps the WHO, an
NGO, a government, funding body or global
collaboration nerwork — to play an influennial
role in informing and coordinating research
findings. There is a precedent in some devel-
1}'}‘."{{ unll!trlu.'.li “'I'llll:]'i i'l::l'l"‘." fH[ﬂ.hIl‘hj\t‘d -'I:i'.'.:ll'jﬂ.'l'l'l i.L
centres for the systematic review of research
results bearing on specific health problems.
-I-I'IL' [:tH_'hr.!m: (:““ﬂt“lrﬂ.[i“[l IIL An i.l'llt']'[l-"l-
tional  network  of  individuals {:urg.lniz;'d
around centres which prepare, maintain and

disseminate systematic reviews of the results of

-l'.I]I Ili.-l'.'.l] TL‘H-I.';I]'L'I.’! = l..l..‘il.'l..'l"j' {!l!'-lili F]'-[.!T{.'I'It rﬂ.ll(li'l-ﬂ'l—
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ized control trials of specific health-care inter-
ventions. Techniques such as ‘meta-analysis’
and ‘sensitivity analysis” are being developed in
an effort to promote evidence-based medicine.
11“.' \'\-'ﬂrhi. {?"I M.“.'E! centres .ll'll'n.l. tl'lli:i.l .ll'"f.."l.'l'lil-
tional collaborators has helped wo guide health-
care practice and o plan furure research.
Developing further initiatives for the system-

atic review of the resules of malaria research,
prior 1o their introduction in pracrical healdh-
care setrings, could be a valuable development.

The need 1w develop new products based on
research findings also ofters an opportunity for
an NGO or funding body 1o have a proactive
role in an arena which is typically the remit of
'!'l.l'.' EJl.'.l'l":“.f SCCTOT Or tl:“.' r:.'l:.u!.Lll::lr:I." v::ulnlrli::i-
sion. Alternacely, a consortium could be estab-
lished ro include groups with relevant expertise
ﬁ-l“.'h d% i[llllLHTr}" -"]{I E_’.{“’ rment, s 'I."u"L'“ A%

NGOs and funding agencies.

In r‘.'l.lti{]]\ [0 TOSOLITCCS, t!ll’.' IJL'I{ []F rl',::\'l.';ln.'l:l
expertise in malaria-endemic countries might
be addressed through collaborations and
l:."!cl:]'liingﬂ" "I- Fﬂ."l’!\'ﬂ“ﬂﬂ.‘l. IIII'H.' {Il.'"n'ﬂ."ll::l]?l'llﬂ"llt 11"
additional overseas units, such as those funded
by the Wellcome Trust and the UK MRC,
lq.'i"]l.d I'-l.ll.'ll'll._'r Prﬂlr“'"l..' '[l'll'.' tlt."\'ﬂlﬂl'ln'tl’.'l'ﬂ 1"-

loca

expertise. Indeed, overscas units could
play an increasingly important role not only in
training, but also in designing projects relative
to needs in malaria-endemic countries, as well
as providing opportunitics for  applying
research resules to hield conditions, However,
the majority of funding for malaria research is
presently invested in research reams based in
1,|r_'1.'L'1n|wd countries. The lack of available
funding for health-care services in malaria-
endemic countries is a recognized problem,

hlll anc “‘hil’.’l‘l i.‘i l'.lt‘_"o'“l]{l l‘|11.' SI'_'“FJL' nf tilih

report,
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7.2 REFLECTIONS ON METHODS
USEDR IN THIS 5TUDY

This report has described a number of quanti-
tative and qualitative methods used o produce
an evidence-based report on the status and
future options in malaria research. In order to
guide similar studies which might be con-
‘.Ill.l_'[ﬂ."'li I|:|'I 1.hL' IILIIILII:'L'. o ]]llltlljﬂ:r ﬂEI F:L'l'll‘.'rill
points should be made concerning the

.1E!F]F‘HL“.'I'I .'ll'l.l'j [Lﬁ;]'i!'i!illll:l!!\- lIM.'I'j i.l'l. !I'Illh- !\[llllj‘.

.ﬁ.!!-ES!-IIIg research II‘IPI‘.“‘.!- and ﬁlltpl.l.l‘.!

1e identification of funding bodies was
-i.‘l_'l'l.i‘."n'ﬂ.'l!

Firstly, ¢
thﬂ“.l.!:l] Wi :\'L'I'H"'-"t".' MEEns
(Chaprers 2 and 3). Direct contact with fund-
ing agencies idenufied through literature
searches and scientific attachés in London-
based embassies was timi:-c:nn:mming.
However, this approach provided detailed
information on  the funding of malaria
research. and also allowed for the confirmartion
of the data with source organizations once it
had been collecred. analvsed and collated. The
use of acknowledgements in scientific publica-
tions provided an alternative and comprehen-
sive approach to identifying the full range of
SOLTCCS []I:. !ilLl'lIhlrI! Fnr lr_'M.':lrL'l'I.. .I‘l:!-'tl "'ll'_'th"[i
had the advantage of relative rapidity and sim-
plicity. but did noet provide data on the

amount of funding support, nor on its alloca-
tion either to different areas of research or to
geographical regions. Both direct survey of
funding bodies, and indirece analysis using
funding acknowledgements in papers, are rec-
ommended for a tull picture of the agencies
involved in supporting research.

IPublication
required the use of commercially available
databases which are not designed for biblia-

output analvsis  (Chaprer  3)

metric analysis, nor for an examination of the
full extent of outputs from malaria research.
Although two appropriate science darabases
exist, the Science Citation Index (5Cl) and
Medline, neither covers completely the so-
t.l]l.l'.'ﬂ.t “gn‘_‘r |i|:1.'lﬂ|:i:|ll’.'1 "I. I'Iilti.[]nﬂ.l or I."f.'!_"ll”“;.il

journals, technical memoranda. conference
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proceedings, and non-English-language publi-
cations. This omission is an important consid-
eration for the held of malana, which ITIiIiH|}'
affects developing countries and is of local
il'l[i.'l'ﬂ!i[ 4] lﬂ.'ol.'il!".'l!l.'ﬂ'i i!l t]'lﬂﬁi’l..' {;I}llntfi.l:‘s-.

The subhield un.‘ll}rxis WIS VETY xpt:v;iﬁc and use-
ful for identifying differences in the ourpur of
puhrl::al:'mu:\ in different subficlds l:{-:lmpn:r 4.
However, there was an inevitable degree of
.'.'uhji.'r_'tiv'lly associated with the defimnons of
the categories and subfields. Furthermore, the
Fl:uti:li rehance on the Medline database him-
ited the interpretation of the geographical
.'LII:I]_'Fjii!- of national HtJ‘l,.'"El‘I'IH and weaknesses
to publication activity based only on the firse-
author address of a paper. However, it was felt
that for the purposes of subfield analysis, the
advantages of the Medline darabase in allowing
for a more accurate classification of research by
subfield (on the basis of the abstract), and a
greater coverage of clinical and epidemiologi-
cal publications, ourweighed the disadvantage
of the limited author-address information.

A full analysis of input/output ratios, based on
funding and on publications, was not
attempted because of a variety of factors.
Firstly, the time-lag berween the awarding of
glﬂl!:.‘i ;ln{l "I'l.l.' r“]h]llﬂ:-'trll'“'l {]'F T{.'.‘;I'_'a.rc.h Tﬂ.'.‘il.l.ltﬁ-
complicates any such relationship. Secondly,
EI'H..' "-'Jl'iﬂ.hil:i[_'p' I:H..'r“"ﬂﬂn .‘il]h“l.'ll.lﬁ- I|:|'| ff.‘“..'ﬂrl.'h
effort required o produce resulis, and hence
F‘“I}Ii'l:ﬂ[ii“'lﬁ, meant rl'l:“ d i.:[]mpﬂri!“'“]
berween subfields might be misleading,

Conducting surveys

Lastly, the use of both an expert review of pub-
lished papers (Chapter 5) and an international,
communiry-wide survey on future directions
for scientific endeavour (Chapter 6) proved
very valuable in identitying past achievements
and future opportunities in malaria research.
Analyses indicated the impacr that research has
had on the broader outcomes of medical inves-
tigation, such as the development of products
or health-care practices. This approach was
complementary to citation analysis which
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7= DISCUSSION AND POLICY ISSUES

indicares impact specifically in the research
arena. The international survey also identified
barriers to the transfer of research results into
pr:n:l!'u_'e. and recommended schemes to deal

with those obstacles.

One usetul design feature of the community
survey was the inclusion of a large number of
professional groups. This breadth limited the
lil’“."]il“nﬂj rilﬂ.[ |I“.' I‘“'l.d:i[lg.‘i (lr'l“.' :ﬂ.l.l\"i.‘}' W Hl]ll
reflect the views of any partcular professional
group, and provided an opportunity for less
\-"H:-;ll grﬂl.l].‘ﬁ Li4] ]'"_' I'I.'l"_';.ll'll. I.III'H.' I}f{!cl‘!\.‘i ;IIM!
raised the awareness of individual groups to the
broader issues of malaria research, and identi-
fied opportunities for increased communica-

tion and coordinated action berween groups,

7.3 THECHALLENGE

This report has been published in an effort to
inform the international malaria communiny of
the current status and future opportunities in
the field of malaria research. Although the study
was initially intended for the Wellcome Truse
alone, it has since become evident that the infor-
mation may be of value to other organizations
which fund, manage or conduct malaria
rescarch.

The Wellcome Trust recognizes its growing
presence in the field of malaria research.
H““"E'ﬂ.'n t]'“.' I.rl'l.l.f'it i.h ﬂ.i.‘“l l;.'"l].‘:l'_'iﬂu..‘i 1". "I'I.I'.'
need for an internatonal, collaborative
approach to scientific investigation and evi-
dence-based medicine. The pressing need and
Ef{!lWi:l'lE Chﬂ.“ﬂ."ngﬂ 01 ] c{]mhﬂt m:lliiriil 15 'CII:'J.I'I}'
evident. The current study has indicated
potential directions and effective approaches
€8] ;Id{in.'.‘i:i I|1L' L'l:l.'l.“t.‘ngt,:. aﬂl.l 'l'.':lilﬁ I-flr ] {.:I:]ﬂrdi-
nated response from the international malaria
communiey.
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AMNMEX I

Search strategy to identify malaria papers using the SCl (January |1994-December
1994) (the same strategy was used for Medline)

Set Records Field

I 961 Title
(ANTIMALARIAY OR MALARI* OR PLASMODIUM OR PLASMODIA®) NOT
PHYSARLUM

2 7 Title

PROGUARIL OR QINGHAOSL OR HALOFAMTRIME OR AMINOQUINO.
LIME OR. PRIMAQLUIMNE OR ARTESUMNATE OR ARTEETHER OR DARAPRIM
OFR FANSIDAR OR MAVIQUINE OR FANSIMEF OR CAMOOQUINE OR
CHLOPROGUAMNIL OR ARTEMETHER OR ARTEMESIMN® OR QUIMINE OR
CHLOROQLUIME

3 334 Title
HMOSQUITOES OR PYRIMETHAMIME OR MEFLOQUINE OR MOSQUITD
QR MOSQUITOS OF MOSQUITOCID® OR AMCOPHEL®

4 12576 Title
AEDES OR SCHISTOSOM® OR OMCHOCERC® OR BRUGIA OR CULEX OR
HIV OR LEISHMAN OR TRYPANOSOM* OR WUCHERERIA OR FILARIAY
OR ARBOVIRUS® OR DEMGUE OR (YELLOWY AMD FEVER) OR VIRAL OR

VIRLUS
5 256 Set : Article

(2 OR 3) MOT (1 OR 4)
& 43 Ser: Mote

(2 OR 3) NOT (| OR 4)
7 3 Set : Review

(2 OR 3) NOT (| OR 4)
B 9 Set : Review

|
9 120 Ser: More

I
[} 637 Set : Article

I
I 776 Set

BTHRL 1D
12 302 Ser

STHRU T

Unconditional sexs: 111,
Conditional sets:  2: 3; 4 (exclusions from the conditional set); 5/&/7 (conditional

without automatic exclusions); 12
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AMMNEX 21

Acknowledgements by funding body for papers from 1984, 1989 and 1994 (5CI)

Funding body Papers
Special Frogramme for Research and Training in Tropical Diseases (TDR)" 412
Mational Institute of Allergy and Infectious Diseases (MIAID) 294
U5 Department of Defense, The Pentagon, Washington, DC 206
MRC (Medical Research Council, UK), London W IN 4AL |80
U5 Agency for International Development (LISAIDY), Washingron, DC | 49
Wallcome Trust, 183 Eustan Road, London MW I 2BE I2&
Centers for Disease Control (CDC), Adanta, GA B
HAustralian Mational Health and Medical Research Council. Canberra BS
Insticut Mational de la Santé et de la Recherche Médicale (INSERM) 65
Insticut Pasteur, Paris &2
John D and Catherine T MacArthur Foundation, Chicago, IL )
Unidentified funding bodies 60
Rockefeller Foundation, The, Mew York 55
EEC {European Economic Community), Brussels 50
Walter and Eliza Hall Medical Insucute, Melbourne 49
Centre Mationale de la Recherche Scientifique (CHRS) 44
Hoffmann-La Roche sa, Basel 41
Indian Council of Science and Industrial Research, Mew Delhi 40
U5 Department of Agriculture (ARS), Washingron, DC F
Kenya Medical Research Institute (KEMEIL) 35
U5 Mational Institutes of Health, Bethesda, MD 7
Papua Mew Guinea Government 33
SmithKline Beecham ple (fermerly Smith Kline French), Brentford, Middx TW8 9EP 34
Queensland Institute for Medical Research 30
Mational Science Foundation (M5F), Washington, DC Fi
Health and Family Welfare, Ministry of (India) 9
Linstitut Francais de Recherche Scientifique (OQRSTOM) 7
Deutsche Forschungsgemeinschalt 15
Mational Cancer Institute, US {MIH) 22
Mational Center for Research Resources (MCRR) 22
Japanese Ministry of Education, Science and Culture 12
Waellcome Foundation / Wellcome ple, Unicorn House, London WNW | 2BP 21
Fonds Martional Suisse de la Recherche Scientifique (FMRS), Barn 2l
Medicinska forskningsredet MFR (Swedish Medical Research Council), Stockholm 21
Thai Government rd|
Mational Instituee of Arthritis, Diabetes, Digestion and Kidney Research (MIADDK) 0
Mational Research Council, National Academy of Sciences, Washingron, DC I?
Mational Institute of General Medical Sciences (NIGMS) 17
Pan-American Health Organization 17
Drefence, Ministry of (Australia) &
Swiedish Agency for Research Development with Other Countries (SAREC) &
Brazilian Mational Research Council 15
Max-Planck-Gesellschaft zur Forderung der VWissenschafven eV, Munich 15
Tanzanian Government 15
British Council, 10 Spring Gardens, Lendan 5WW 1A 2BM 13
Seripps Clinic and Research Foundation, La jolla, CA 13 ¥ Thee Warld Bank, the
Australian Malaria Vaccine |aint Venture 12 UINGF and the WHC
Marional Heart Lung and Blood Instioure {MHLBI) 12 S e

Programme. However, many
coundreet Snd arganipationd
also make finarcial
contribations [vee Chapter 2k
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ANNEX 3

Ten most highly cited malaria papers from 1984 and 1989
(cited over the five-year period following the year of publication: SCI)

A MOST HIGHLY CITED MALARIA PAPERS OF 1954

Dame-]B Diggs-CL Haynes-]D Hockmeyer-WT Maloy-YWL Mccutchan-TF Miller-LH Reddy-EP
Roberts-D Sanders-GS Schneider-l Weber-]L Williams-]L Wirtz-RA

Structure of the Gene Encoding the Immunadominant Surface-Antigen on the Sporozoite of the Human
Malaria Parasite Plasmodium- F.'Llr;ipnl'ur'n

SCIEMCE 1984 Vol 225, |55 4662, pp 593-59%

MIAID, PARASIT DI5 LAB, BETHESDA, MD 20205, USA

MCI, DEPT ENTOMOL. BETHESDA, MD 20205, USA

MIAID, IMMUNOGEMET LAB, BETHESDA, MD 20205, LISA

MOl CELLULAR & MOLEC BIOL LAE, BETHESDA, MD 10205, LISA

WaLTER REED ARMY MED CTR, DEPT IMMUNOL, WASHINGTOM, DC 20037, UsA

Acknowledged sources of suppoert:

LS Department of Defense

Mational Cancer Institute

Matronal Institute of Allergies and Infectious Diseases Citations (| 984=1989) = 236

Enea-¥ Arnot-DE Asavanich-A Ellis-] Masuda-A Mussenzweig-R5 Quakyi-1 Zavala-F

DA Cloning of Plasmodium-Falciparum Circumsporozoite Gene — Amino-Acid-3equence of Repetitive
Epitope

SCIENCE 1984 Vol 225, lss 4662, pp 628-630

MY MED CTR., DEPT MICROBIOL, DIV PARASITOL, MNEW-TORE. MY (0016, USA
MAHIDOL UNIY, DEFT MED ENTOMOL, BAMNGKOE 10400, THAILAMD
LRIV GHAMNA, NOGUCHI MEM IMNST MED RES, IMMUMOL UNIT, LEGON, GHAMA,

Acknowledged sources of support:

Matronal Instrtates of Health

LisalD

WHQ

Damon Runyan-Walter Winchell Cancer Fund, NYC Citations [ | 984=1989) = 1 21

Hall-R Goman-M Hope-1A Hyde-]E Mackay-M Merkli-B Richle-R Scaife-] Simmons-DL Stocker)
HMajor Surface-Antigen Gene of a Human Malaria Parasite Cloned and Expressed in Bacreria
MNATURE 1984 Vol 311, Iss 5984, pp 379-382

Uy EDINBURGH, DEPT MOLEC BIOL, EDINBURGH, MIDLOTHIAM, SCOTLAMD, EH9-3|R
HOFFMARMM LA ROCHE AG, DIY PHARMACEUT RES, BASEL. SWITZERLAMND

Acknowledged sources of suppert:
Haffmann-La Roche, Basle
LK MRC Citations (| 984-1989) = 102

Perimann-H Berzins-K Bjorkman-A Carlsson-] Patarroyo-ME Perlmann-P Wahlgran-M
Antibodies in Malarial 3era to Parasite Anrigens in the Membrane of Erythrocytes Infected with Early Asexual
Stages of Plasmadium-Falciparum
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JOURMAL OF EXPERIMENTAL MEDICIME 1984 Val 159, 1ss 6, pp 16861704

UMIV STOCKHOLM, DEPT IMMUMNOL, 5-10691 STOCKHOLM, SWEDEM
FAROLIMNSKA IMST, ROSLAGSTULL HOSE, DEPT IMFECT DIS, 5-10401 STOCKHOLM &0, SWEDEN
MATL UNIV COLOMBLA, DEFT IMMUNOBIOL, BOGOTA, COLOMBIA,

Acknewledged sources of support:

The Rockefeller Foundation

Swedish Agency for Research Developarent with other countries

Scottish Medical Research Fund

United Nations Development Fund (LUNDP)

World Bank

WHO Citations (1984-1989) = 98

Coppel-RL Anders-RF Bianco-AE Brown-GY Cowman-AF Kemp-DJ Lingelbach-KR Saint-RB
Immune Sera Recognize on Erythrocytes a Plasmedium-Falciparum Antigen Composed of Repeated Aming-
Acid-Sequences

MATURE 1984 Vol 310, Iss 5980, pp 7T89-792

ROYAL MELBOURNE HOSP, WALTER & ELIZA HALL INST MED RES. PARKVILLE, VIC 3050, AUSTRALIA

Acknowledged sources of support:

Wialter & Eliza Hall Inseitute af Medical Research

Austrafian Mational Health and Medical Research Council

Rockefeler Foundation

UNDP

Warld Bank

WHO Citations (1984-1989) =91

Perrin-LH Chizzolini-C Loche-M Merkli-B Richle-R Smart-]
Antimalarial Immunity in Saimiri Monkeys — lmmunization with Surface Components of Asexual Blood Stages
JOURMNAL OF EXPERIMEMTAL MEDICIME 1984 Vol 160, Iss 2, pp 441451

GEMEWA UMIY HOSE GEMEVA BLOOD CTR, WHO UNIT. CH-121 | GENEWVA 4, SWITZERLAMD
BIOGEM INC. CAMBRIDGE. MA 02142, LIZA
F HOFFMAMNN L& ROCHE & CO LTD, DIV PHARMACEUT RES, CH-4002 BASEL, SWITZERLAND

Acknowledged sources of support:

Biogen Inc., Cambrdge MA

Fonds MNational Swisse de la Recherche Scientifique (FNRS)

Binpen so, Switzerland (Gloxn)

Hoffimann-La Roche, Basle

WHO

LINDP

World Bank Citations (1 984=1989) =77

Franzen-L Aslund-L Perlmann-H Persson-T Pettersson-U Shabo-R Westin-G Wigzell-H
Analysis of Clinical Specimens by Hybridization with Probe Containing Repetitree DNA from Plasmodium-
Falciparum = A Movel-Approach to Malara Diagnosis

LAMCET 1984 Vol |, Iss 8376, pp 525-528
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LMY UFPSALA, CTR BIOMED. DEPFT MED GEMET, 5-75123 UPPSALA. SWEDEN
LMY UPPSALA, DEPT IMMLUIMOL, 5-75 1 23 UPFSALA, SWEDEM

UMV UPPSALA. DEPT MICROBIOL, 5-75123 UPPSALA, SWEDEMN
KAROLINSEA IMST. DEPT IMMUMOL, 5-10401 STOCKHOLM &0, SWEDEN
UNIV STOCKHOLM, DEPT IMMUMNOL, 510691 STOCKHOLM, SWEDEN

Acknowledped sources of support:

Rockefeller Foundation

Swedsh Apency for Research Development with other countries

Scottish Medical Research Fund

Swedish Notional Beard for Technical Development Citations (1 984=1989)=73

Watkins-WHM Boriga-DA Kariuki-DM Kipingor-T Koech-DK Sixsmith-DG SpencerHC
Effectivencss of Amodiaquine As Treatment for Chloroquine-Resistant Plasmodium-Falciparum Infections in
Kenya

LAMCET 1984 Vol 1. 1ss 8373, pp 357-359

CTR DI5S CONTROL, CTR IMFECT DS, DIV PARASIT D5, ATLAMNTA. GA 30333, USA
KEMYA GOVT MED RES CTR. CLIM RES CTR. MAIROBI, KENTA

UNIV NAIROBI, DEPT PHARM, MAIROBI, KEMYA

EENYA MIMIST HLTH, DIV VECTOR BORMNE DI, NAIROEI, KENYA

Acknowledged sources of support

Centers for Disease Control, USA

Kenyan Government

Minstry of Research, Science and Technology, Kenya

UWDP

Warld Bank

WHO Citations (| 984-198%9) =71

Heolder-AA Freeman-RR

The 3 Major Antigens on the Surface of Plasmodium-Falciparum Merozoites Are Derived from a Single High
Melecular-Weight Precursor

JOURMNAL OF EXPERIMEMTAL MEDICIME | 984 Vol 160, Iss 2, pp 624-629

WELLCOME RES LABS, DEPT MOLEC BIOL, LANGLEY COURT, BECKENHAM, KENT, ENGLAND,
BR3-3B5

Acknowledped sources of supporl
The Wellcome Foundation Citations (| 984-1989) = &8

Leech-]H Barnwell-)W Howard-R] Miller-LH

Identification of a Serain-Specific Malarial Antigen Exposed on the Surface of Plasmodium-Falciparum Infected
Erythrocytes

JOURNAL OF EXPERIMEMTAL MEDICIMNE 1984 Vol 159, Iss 6, pp 1567-1575

MIAID, PARASIT D15 LAB, BETHESDA, MD 20205, LISA

Acknowledged sources of supporr:
Mational Institute for Aergies and Infectious Diseases Citations (| 984-1989) = &5
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B MOST HIGHLY CITED MALARIA PAPERS OF 1989

Grau-GE Taylor-TE Molyneux-ME ¥irima-J] Vassalli-P Hommel-M Lambert-PH
Tumer Mecrasis Facter and Disease Severity in Children with Falciparum-Malaria
MEWVY ENGLAMD JOURNAL OF MEDICINE |98% Vol 320, Iss 24, pp 1586-15%1

Uk LIVERPOOL, LIVERFOOL SCH TROP MED, LIVERPOOL, EMNGLAMD, L3-5Q4A

CTR MED UNIV GEMEVA 4, DEFT PATHOL, WHOQ, CTR IMMUMOL RES & TRAIMNING, GEMEVA,
SWITZERLAND

MICHIGAM STATE UNIV, COLL OSTEQPATH MED, E-LAMSING, M1 48824, LISA

EAMUZU CENT HOSE LILOMGWE, MALAWI

Acknowledped sources of suppart:

Burroughs Wellcome Fund

Fonds MNational Suisse de lo Recherche Scientifique (FNRS), Bern

Motronal Institutes of Health

Sandoz Stiftung

LINDP

World Bank

WHO

Wellcome Trust Citations (1989-1993) = 208

Sinigaglia-F Guttinger-M Kilgus-] Doran-DM Matile-H Etlinger-H Trzeciak-A Gillessen-D
Pink-]RL

A Malaria T-Cell Epitope Recognized in Association with Most Mouse and Human MHC Class-Il Molecules
MATURE | 988 Vol 336, 53 6201, pp 778-780

FHOFFMARNN LA ROCHE & CO LTD, CEMNT RES UIMITS. CH-4002 BASEL, SWITZERLAMD

Acknowledged sources of support:
Haffrmann-La Rache Citations ( 1989-1993) = 184

Berendt-AR Simmons-DL Tansey-] Mewbold-Cl Marsh-K
Intercellular-Adhesion Moalecule-1 s an Endothehal-Cell Adhesion Receptar for Plasmeadium-Falciparum
MATURE 1989 Yol 341, Iss 6237, pp 57-59

LMY OXFORD, JOHM RADCLIFFE HOSE INST MOLEC MED, MOLEC PARASITOL GRE CXFORD,
EMNGLAND, OX3-30U

LMY OXFORD, JOHM RADCLIFFE HOSPE INST IMMUNOL, IMPERIAL CANC RES FUMD, OXFORD,
EMGLARD, Ox3-9DU

Acknowledged sources of support:

Imperial Cancer Research Fund (ICRF)

MRC, UK

Wiellcome Trast Citations (1 989-1993)= |70

Foote-5) Thompson-]K Cowman-AF Kemp-D)
Amplification of the Multidrug Resistance Gene in Some Chlorogquine-Resistant lsolates of P-Falciparum

CELL 1989 Vol 57, Iss &, pp 921-930

ROYAL MELBOURMNE HOSP, WALTER & ELIZA HALL INST MED RES, POST OFF, PARKVILLE, VIC 3050,
AUSTRALIA
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Acknowledged sources of support:
McArthur Foundation

Australian National Health and Medical Research Council
Walter & Eliza Hall Institute of Medwal Research
Wellcome Trust Citations (1989=1993) = 155

Romero-P Maryanski-JL Corradin-G Mussenzweig-R5 Mussenzweig-¥ Lavala-F
Cloned Cyto-Toxic T-Cells Recognize an Epitope in the Circumsporazaite Protein and Protect Against
Halaria

MATURE 1989 Vol 341, lss 6240, pp 323-326

YU, SCH MED, DEPT MED & MOLEC PARASITOL. MEWLTORE, MY 10016, LSA
MYLU, SCH MED, DEPT PATHOL, MEW-TORE. NY 10016, USA

MYL, 5CH MED, KAPLAN CAMC CTR, NEW.VORE, MY 10016, USA

LUDWIG IMST CAMNC RES, CH- 1066 ERALIMGES, SWITZERLAMND

UMV LALUSANME, IMNST BIOCHEM, CH- 1066 EPALIMNGES, SWITZERLAND

Acknowledged seurces of support:
Ludwig Instrute for Cancer Research
Hoffmana-La Reche

Fondazione EMI Ricerche

Irma T Hrescl Trust

MecArtherr Foundation

Mational Institutes af Health
Rockefedler Foundation

UMNDP

LISAID

Wiorld Bank

WHO

Fogarty Exchange Program (MIH) Citations (1989=1993)= 126

Kern-P Hemmer-C] Yandammee-) Gruss-H) Dietrich-M

Elevated Tumor Mecrosis Factor-Alpha and Interleukin-& Serum Levels As Markers for Complicated
Plasmodiuvm-Falciparum Malkaria

AMERICAM JOURMAL OF MEDICINE 1989 Vol 87, 1ss 2, pp 139-143

BERNHARD MOCHT IMST TROP MED, DEPT MED, BERNARD MOCHT STR 74, D-2000 HAMBURG 38,
FED-REP-GER
KATOLIEKE UNIV LEUVEM, REGA IMNST MED RES, LOUVAIM, BELGIUM

Acknowledged sources of support:
Deutsche Forschungsgemeinschaft
Belpan National Fund for Scentific Research (NFWO) Citations (1989=1993)= 113

Oquendo-F Hundt-E Lawler-] Seed-B
Cd36 Directly Mediates Cyroadherence of Flasmodium-Falciparum Parasitized Erythrocyres
CELL 1389 Vol 58, Iss |, pp 95-101

HARVARD UNIV. SCH MED, DEPT GEMNET, BOSTOM, MA 02115, LISA
HARVARD UMIV, SCH MED, DEPT PATHOL, BOSTOM, MA 02115, USA
MASSACHUSETTS GEN HOSP, DEPT MOLEC BIOL, BOSTOM, MA 02124, USA
BRIGHAM & WOMEMNS HOSP, BOSTOR, MA 02115, USA

BEHRINGWERKE AG. D-3550 MARBURG, FED-REP-GER
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Acknowledged sources of support:

Matienal Heart Lung and Blood Instituie

Behringeerke AG, Munich, Germany

Haechst AG, Frankfurt, Germany Citations (1989=1993)= 112

Wilson-CM Serrano-AE YWasley-A Bogenschutz-MP Shankar-AH Wirth-DF
Amplification of 2 Gene Related 1o Mammalian MDR Genes in Drug-Resistant Plasmodium-Falciparum
SCIEMICE 1989 Vol 244, Iss 4909, pp | 184-1186

HaRvARD UMM SCH PUBL HLTH, DEFT TROP PUBL HLTH, BOSTOM, MA 02115, USA

Acknawledged sources of support:

McArthur Faundation

LINDE

Warld Bank

WHO

Barrrouphs Welicome Fund

Mational Institwee for Allergies and Infectious Diseases (MIAID) Citations ( 1989-1993)= 112

Ockenhouse-CF Tandon-NM Magowan-C Jamieson-GA Chulay-]D
Identification of a Plateler Membrane Glycoprotein As a Falciparum-Malaria Sequestration Receptor
SCIEMCE | 98% Vol 243, Iss 4897, pp 146591471

VVALTER REED ARMY INST RES, DEFT IMMUMOL, WaSHINGTOM, DC 20307, LUI5A,
VVALTER REED ARMY MED CTR, DEPT MED, WASHINGTOM, DC 20307, LISA
AMER RED CROSS. CELL BIOL LAB, ROCKVILLE, MD 20855, LISA

Acknowledped sources clf'sup-pnrr:
American Red Cross
US Department of Defense Citations (1989-1993) = 93

MNussenzweig-¥ Mussenzweig-RS
Rationale for the Development of an Engineered Sporozoite Malaria Vaccine
ADVAMCES IN IMMUMNOLOGY 1989 Vol 45, pp 283-334

MNYU MED CTR, DEPT PATHOL, NEW-YORK, MY 10016, USA
HYLU MED CTR, KAPLAN CANMC CTR, NEWATORK, MY 10016, LIGA
MYU MED CTR, DEPT MED & MOLEC PARASITOL, MEW-YORK, NY 10016, LSA

Acknowledped sources of support

MeArthor Feundation

Matignal Institutes of Health

UNDP

LSAID

World Bank

WHO Citations { 1989-1993) = 80

&s MavLaria RESEARCH: Ar AUDHT OF INTERMATIONAL ACTIVITY



ANNEX 4

Category and subfield classification of international malaria researchpublications retrieved from
SCl/Madline combinad databases for 1984, | 989 and 1994

Subfield % of total malaria papers (absolute numbers)
1984 1989 1994 Total Category
total (%)
A Drug discovery & development I 1IZ0(0o  10.5(123.0) 1.6 {150.5) I1.4(384.5)
(i vitr and animal models)
Mechanisms of drug action 2 A4 (4000) 4.5 (52.5) 3.5 (4500 4.1 (137.5) 15.5
B Immunology and vaccine 3 9.1 (84.0) 110 (130.0) 10,0 {130.5) 10.2 {344.5)
development
Human vaccine trials and 4 08 (7.0 1.9 (22.5) 2.0 (26.5) I.7 {56.0) 1.9
WICCINE reviews
C  Biology of Plasmodium 5 9. (825) 8.4 (97.8) 7.03 (91.5) 8.1 (271.8)
Biochemistry of Plasmadium 6 BA4(775) 5.2 (61.3) 5.6 (73.0) 6.3(2118)
Genetics of Plasmodism T 3.1 (28.0) 18i(44.8) 6.1 (79.5) 45 (152.3) 189
D  Clinical management of malaria 8 7.0(64.0) 9.9(115.0) 10.4 {135.5) 9.3 (315.0)
and drug trials
Pathophysiclogy and disease 9 97(89.0) 9.4 (110.0) 10.7 (139.0) 10.0 (338.0)
SympIoms
Malaria in travellers and migrants 10 4.0(37.0) 4.1 (48.0) 2.7 (35.00 16 (120.0) 239
E Epidemiology and mathemarical 11 10.8 {92.0) 12.2 (143.0) HELF {15500 1.8 {397.0) 1.8
medelling
F  Intervention trials and health 12 &1 (56.0) 5.1 159.5) 6.2 (81.0) 5.8 (196.5) 58
Services research
G Diagnestic tests for malaria 13 05(50) 1.5 (17.0) 1.8 (24.0) I.4 (46.0) 1.4
H Mosquito vector studies 4 1391280 12.5 {148) 10.1 {132.0) 12,0 {(406.0) 12.0
General Reviews 0.3 (10 0.09 (3) 0.12(4) a.5(17)
TOTAL 27 (918) I46(117T4)  38.4(1302) 100 (3394)
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AMNMNEX §

Top publishing countries {(3CI and Medlineg)

Country Rank according to Mumber of first- % of total malaria Rank according
analysis of first-author author papers papers: SCI to analysis of all
address: SCIMedline firam that countiy: Medling combined author addresses:
combined ( 1994) SClMedline (1994) SCI (1984, 1989 and
{see Chaprer 4) combined {19%4) 1994) (see Chaprer 3)

LIsA I T 236 I

UK 2 4% 1.4 2

France 3 a7 6.7 3

India 4 85 6.5 5
Australia 5 FF 55 4
Thailand 6 56 4.3 &
Germany 7 39 3.0 ¥

China B 35 27 1%
Switzerland 9 28 12 2]

ltaly 10 26 20 14

The Metherlands I 23 1.9 9
Sweden I 25 1.9 I

Japan |2 24 ¥ 13

Kenya 12 23 I8 1o

Brazil 14 I8 1.4 &
Canada 15 15 1.2 ]

Israel I & 14 1.1 12

South Africa | & 14 1.1 pli]
Denmark |7 I3 1.0 20
Mexica 17 I3 1.0 21
Migeria E: 12 1.0 17
Tanzania §:3 |2 1.0 19
Belgium | % I 08 2}
Russia | & I 0.8 25

Sri Lanka 0 o 0.8 24

The Gambia 2 8 0.6 13
Zimbabwe 21 8 0.6 31

Papua Mew Guinea 22 7 05 I&
Senegal 2 i 0.5 31
Austria 23 [ 0.5 20

Spain 23 [ 05 3
Burkina Faso 23 [ 05 7
Venezuela 4 5 04 2
Pakistan 14 5 04 18
Cameroon 24 5 0.4 3l

Sudan 25 4 03 25
Gabon 25 4 0.3 3
Wietnam 25 4 0.3 32

Saudi Arabia 25 4 0.3 a5

Sierra Leone 25 4 03 35
Morway 15 4 0.3 k]
Trinidad 25 4 0.3 36
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AMMEX &

Questionnaires for the expert review of Wellcome Trust-supported malaria
research for (a) a set of papers grouped by subfield, and (b) individual papers

. Im this set of research papers, what are the most significant advances (for example in theory,
methodologies, techniques, new knowledge)?

2. What proporuon of this ser of papers represents a substantial advance in knowledge!
understanding of malania/vectors of malara?

0-25% 25-50% S0-75% T5-100%

3 Of the topic areas addressed in this subser of malaria research papers which, if any, weuld you
encourage bright young learners to pursue and wiy?

4, In reviewing these papers in terms of quality, what features/issues did you consider!
Please list.

()

| How do you see the results of this paper being best used? (tick as appropriate)

advancing knowledaeltheory

modifying clinical treatment

improved methodalogy/experimental technique
developing new products

improving disease prevention or control measures
ather (please specify)

2. When do you see the benefits (as outlined above) of this research being realized?
{tick a3 appropriate)
immediately (within 12 months)
medium term {|-5 years)
long verm (5=10 years)
very long verm (=10 years)

3 Which specific professional group(s) warking in this field/subfield are likely to find these resules of
mast incerest? (select all char apply)
bazic researchers
acadermic clinicians
non-academic clinicians
palicy makers
manufacturersfindustrialists
others (please specify)
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ANNEX 7

Questionnaire for the opinion survey of malaria research: current practice and future directions

& @

IHmmQg N | e

-

90

Personal details

Which of these categories best describes your current position?
Basic science researcher

Clinical science researcher

Health services practitionerfadviser

Admimistratoripalicy maker

Orher (e.g. industrialist) (please specify)

Which of these best describes your work environment?
University
Haspital
Industry
Funding agency
Government department
Mon-governmental organization (MNGO)
Mon-university research insticute
(e.g. Medical Research Council unics)
Orther (please specify)

Are you involved in fieldwerk in a malaria-endemic country?
Yes
Mo

Future developments in malaria research

Please tick one box in calumn A to indicate your main area of interest in malaria research (see attached appendix of research
subfield definitions). In your apinion, what are the prospects for making significant advances in cur understanding of these major
subfields (A-H) over the next 5 years — please use column B to rate each sublield from | ta 5 (where | 15 very good and 5 15 very
paor). If you feel unable to comment on any of the subfields, please leave the box blank.

A B

Anumalarial drug discovery and develapment '

Immunology and vaccine develspment

(I} Biology of Plasmodium

{ll} Biochemistry of Plasmodium

(Iy Genetics of Plasmadium

Clinical treatment, prophylasis and pathophysiology of malaria

Epidemioclogy and mathematical modelling

Intervention trials and health services research

Development of diagnostic tests for malaria

Studies of mosquito vectors of malara

Orher (please specify)

In your opinion, are there any subfields in malaria research which would benefic from greater research effore, improved training
opportunities or an increéased input of funding? Please specify.

Measures to strengthen the field of malaria research

In your apinian, which of the following measures are most needed to strengthen the field of malaria research? Please rank the wop
three measures from | to 3 {where | is most needed and 3 is least needed; equally necessary measures may be assigned the same
ke,

B improved training of researchers in countries where malaria is endemic

m impraved mebilicy for researchers

m more collaboration berween research groups

m more multidisciplinary approach to malaria research
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AMNMNEX T

m improved coordination and dissemination of research findings
m improved consultation with users of research
m other (please specify)

(o] Collaboration, dissemination of results, networks
With which professional group(s) do you communicate on a regular basis? — please tick a box(es) in column A I3 there a need for
improved communication with them or any other of the following groups! - please tick a boxies) in column B,
A B

~

Basic science researchers

Clinical science researchers

Health services practitionersiadvisers
Gowernment officials

Workers in non-governmental organizations
Industrialises

Orther (please specify)

8. Which of the following methods do you use to obrain and/or disseminate information on current malaria research? Please indicate
the importance of these methods in both obtaining information (column &) and in disseminating information {column B). where
I is very important and 3 is less imporzant.
A B
m scientific journals
m pamphlets or repores
B conferences
B books
| Internetfother electronic networks
W personal communication
mTv
B popular press (newspapers, magazines etc.)
B radio
[ ]

other (please specify)

9a.  Are you involved in formal collaboration in any of the following areas! Please tick those that apply.
| research networks
m policy-making
u implementation/dissemination of research findings
m other (please specify)

9b. How does it'they operate?
E Translating research results into practice
10.  Have you had any personal involvement in projects where research resules were taken up and developed further with a view o

improving the treatment or control of malaria? if so, please give examples.

1. Are you aware of research findings thar might have influenced the treatment or control of malaria but that have not been
developed further! If so, please give examples.

12.  Are there any obstacles that you canidentify which are limiting to the transfer of research results into the treatment and control
of malaria! If so, what positive measures could be taken to overcome these obstacles?

13. Wyouhad USEI0 milkon to invest in malaria research annually, how would you spend it? Please feel free to express your thoughts
on any aspect of policy, research, implementation and dissemination.
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AMMNEX 8

Examples of research that might have influenced the treatment or control of malaria but has not
been developed further

Clinical management and prophylaxis
of malaria

case management approaches necd
field-testing

use of suppositories of arvemisin at
primary health care level

rectal administraton of antmalarial
drugs for very rapid diffusion of the
drug in children wathout the risks of
intramuscular or intravenous
administration

use of hyperbaric cxygen in the
wreatment of severe malaria

fluid replacement in severe malaria

no trial to date of allopuring| to test its
effectiveness as an adjunctive
treatment for high urate bevels in
severe malaria (as an anticxidant)
possible role of mannital in treatment
of cerebral malaria

partial exchange transfusions in severe
mialaria have not been tesved formally
synthetic cell-free haemoglobin
substituees in severe and cerebral
mialaria have not been tested formally
pentoxifylline in cerebral malaria
although some research findings are
quite uselul for control activities, e.g.
lactic acid level determinaticn for
prognosis of cerebral malaria cases, it is
not feasible to be applied in developing
countries

maloprim chemoprophylaxis in young
African children

the peptide sequence HFLQETTY,
which might be an antisequestering
agent and could be a therapeutic tool
far cerebral malaria

identification of putative malarial toxing
that have therapeutic implications

Drug and vaccine development

%1

potential vaccines and drugs await
further development or evaluation
becawse of financial restraints and the
lack of incentives for commercial
involverment

groups of low-cost, namuraliplant
products with antimalarial activity have
been identfied

research in animals on combinations of

drugs 1o delay the emergence of
parasite resistance to drugs has never
been tested in pracrice on P falcparum
in man in the field
low-malecular-weight heparin has been
shown to inhibit P falcporm growth in
witre and inhibit rosecuing, but it lacks
anticoagulant activity

clindormycin as a potential antimalarial
EEEHE

wiork with diamadines (e.g. pentamiding)
indicated that they were effective
antimalarials in vitre, with activities
independent of levels of acute-phase
proteins, Pentamidine currently used
clinically to treat pneumaocystis was
deemed too toxc

pro-oxidants

testing (in animal models) of
compounds that block the mew
permeability pathways induced by
parasices in host cell membranes
Gambian children with severe malaria
have been shown to have increased
carriage of heparitis B surface antigen
— the potential value of hepatitis B
vaccine in reducing severe malaria has
not been tested

inappropriate evaluation of some
vaccine candidates

WYector control

decades-ald information on vector
control has not been implemented
biclogical methods of vector congral
have not been integrated into national
malaria control programmes

use of impregnated curtains in China
nat developed further

slow-release formulation for residual
spraying not implemented

discovery of housing construction and
malaria risk has not led to actions o
limit malaria risk through changes in
house construction

inappropriate implementation of
impregnated bednets before sufficient
research has been carried out into
their effectiveness

research into the molecular biclogy of
vectors is a poorly funded area in

which there s a lack of commercial
interest

m genetically manipulated strains of
mosquitoes reFrac:-nr'_f o malaria
transmission require further
development

m  development is needed of potential
transgenic carriers in mosquitoes, for
instance spiroplasms and related agents

Delivery of health care and health

services research

B monitoring of drug resistance - poor
coordination has resulced in delayed
introduction of new treatment
regimens

B data rarely cross national borders

B  healch systems research has not been
carried out

B information on socioeconomic
environment of malaria has not been
utilized in treatment and control
programmes

B too many political/economic factors
may prevent implementation of conerol
PEasLrEs

m several diagnostic tools have been
developed in laboravories but have not
yet reached health facilities in rural
Africa

General issue

B many areas of basic biology and
biochemistry remain unexplored as
funding over the past 1015 years has
been directed towards vaccine
development
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