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Executive Summary

Malaria in Africa is an increasing problem, the dimensions of which are
unlike those seen anywhere else in the world today. The World Health Orga-
nization estimates that 80 pereent of the 267 million people infected with
malariacare Africans and that 90 1o 95 percent of malaria-relaed deaths in
the world occur in Alrvica. Population, political, and cconomic pressures have
been forcing Afrvicans to leave non-malaria-endemic arcas throughout the
region (such Ethiopia and Somalia) and to live and work in endemic areas
without having acquired natural immunity. Long-term migrants, as well as
scasonal laborers and nomadic populations, suffer some of the gravest conse-
quences becanse of their transient status, Inercased urbanization and atten-
dant overcrowding and poor sanitary conditions have cansed mereases in
human and vector pools. These population movements and various climatic
factors have imtroduced malaria into aveas that previously had been madaria-
free. The extensive spread of drug-resistant malaria parasites throughout Af-
rica, as well as the emergence of resistance to munerous previously effective

insccticides, have significantly exacerbated the impact of malariacin Africa.

Reducing malaria morbidity and mortality and its impact on develop-
ment should be the most important goal for malaria prevention and control
ir: sub-Saharan Africa. USAID's Burcau for Africa has supported the com-
bined effort involving experts at national, regionel, and global levels to de-
velop the Global Malaria Strategy. Inthe process of implementing the
Global Strategy at national and regional levels in Afvica, a certain monmber of
issues will need o be addressed through analysis, rescarch, and information
dissemination to guide program managers in their elforts, The Office of
Analysis, Rescarch and Technical Support of USAID's Burcau for Africa
hopes, under its Health and Human Research and Analysis in Africa

(HEIRAA) Project, to play a major role in this process.

This strategic framework summarizes available literature and other
sources of information on priority issues velated to malaria prevention and
control in Africa, and indicates the policy-relevimt information gaps that
need to be addressed throngh research, analysis, and information dissemina-
tion activities. The strategic framework was drafted based on the outcomes of
aconsultative meeting and on previous consultations with African decision
makers, a review of the literature, and the products of international expert

bodies convened to discuss malaria prevention and control. Tt assesses, ana-
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lyzes, and ranks the information needs and rescarch priorities in the follow-
ing arcas:

¢ malaria cpidemiology and national control programs,

¢ case management of malaria (diagnosis and treaunent),
¢ malaria prevention, and

¢

monitoring and evaluation of malaria impacts on development.
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Introduction

Background

Malaria in Africa is an increasing problem, the dimensions of which are un-
like those seen anywhere else in the world 1oday. The World Health Orga-
nization estimates that 80 percent of the 267 million people infected with
malaria are Africans and that 90 to 95 percent of malavia-related deaths in
the world occur in Afvica. In the Tate TO80s an upsurge in the incidence
and case-fatality rates of malaria was reported throughout Africa. The in-
creasing magnitude and severity of the malaria problem and its relation-
ship to other diseases has heightened the wegeney of addressing this

problem in Africa.

Malaria particularly affects pregnant women and young children and is a
major cause of low birth wetght. Fach yvear move than L5 million deaths in
Africa, of which at least one nallion are among children, are attributed to
malaria. Pediatric anacmia in Zaire due to malaria infection had increased
in 1987 to three times its 1984 prevalence, resulting not only in significant
increases in malaria-related morbidity and mortality but also in significant
numbers of transfusion-induced HIV infection in children. Whether the
number of children who die from Plasmodium jaleiparom malaria cach year
is one million, or two to three million, the totals are staggering and repre-

sent one of the most important child survival issues in the world.

Population, political, and cconomic pressures have been forcing Africans to
leave non-malaria-endemic arcas throughout the region (such as Ethiopia
and Somalia) and to hive and work in endemic areas without having ac-
quired natural immumty. Long-term migrants, as well as scasonal laborers
and nomadic populations, suffer some of the gravest consequences because
of their tansient status. Increased urbanization and attendant overcrowd-
ing and poor sinitary conditions have caused increases i iuman and vee-
tor pools. These population movements and various climatic factors have
introduced malaria into areas that previously had been malarie-free. The
extensive spread of drug-resistant malaria parasites throughont Africa, as
well as the emergence of resistance to numerous previously effective insec-
ticides, which have significantly exacerbated the impact of malaria in Af-

rica.
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Although cffective reatment and prevention strategies have been field-
tested in Alrica, further work is needed o develop coherent, envivonmen-
tally sound strategy Tor malaria control involving community participation,
locally sustainable interventions, and innovative, cross-sectoral approaches

that expand control etforts bevond the health sector

The World Health Orvganization Regional Office for Africa (WHO /AFRO)
has committed iselt to support Afvican comntries inadapting and imple-
menting the Global NMalaria Straregy defined at the Ministerial Conference
on Malaria held in Amsterdam (1992) 0 WHO strategies for malaria preven-
tion and control relv on anti-malarial drugs for case-management and pre-
veution through personal protection such as the use of impregnated

bedners amd chemoprophvlaxis for pregnant women.

During the next ten veass, reducing malari morbidity and mortality and its
impact on development should be the most important and most realistic
goal lor maliria preventon and control in sub-Saharan Africa. Malaria
cradication is not aveadistic possibility, in part becanse any effective vaccine
isunlikely o be avanlable for at least another five to ten vears (until about

2005=2010 ar later).

USAID's Burean for Africa has supported the combined effort involving
experts at national, regional, and global levels to develop the Global Ma-
Larta Strategy. Inothe process of implementing the Global Strategy at na-
tonal and regional Tevels in Afrvica, a certain munber of issues will need 1o
be addiessed through analvsis, rescarch, and information dissemination to
guide program managers in their efforts, The Office of Analvsis, Rescarch
and Technical Support of USATD'S Bureau for Africa hopes, under its
Health and luman Research and Analysis in Africa (HEIRAA) Project, to

plav a major tole in this process,
Purpose of the Strategic Framework

The strategic framework provides a summanry of available literature and
other sowrces of information on priovity issues-relted to malaria preven-
tnon and control in Africa, and indicates the policy-relevant information
gaps that need 1o be addressed throngh rescarch, analysis, and information

dissemimtion actvities,



The purpose of the strategic framework is to present a synthesis of existing
knowledge and information gaps and set research priorities refevant to de-
cision-making toward reaching the following objective to sustain decreases
in the adverse sociocconomic, demographic, and environmental impact of

malaria by supporting:

¢ development el effective aind efficieneservice delivery systems to prevent
and control malaria, especially for the case management of makarivcamong

vulnerable groups (children, pregnantwomen, and displaced persons),

¢ innovative approaches to monitorand evaluate the sociocconomic, demo-

graphic,and cnvironmentabimpact of malartg and

¢ development of better technology amenable to higher-impact inter-

ventions to prevent and control malaria.

The Process of Developing the Strategic Framework

As part of its support to the Office of Analysis, Rescearch, and Technical
Support within ALD.s Africa Burcau (AFR/ARTS), the Support for Analy-
sis and Rescarch in Africa (SARA) Project organized at the Joing Meeting
of the American Society for Tropical Medicine and Tlvgiene and the
American Associttion of Parasitologists a consultative meeting on malaria
and cmerging health-related threats in sub-Saharan Africa. The consulta-
tive mecting participants were researchers and program managers from

Africaand US-based experts working on infectious and tropical discases.
] g ]

The purpose of the consultative meeting was to solicit expert advice in di-
recting rescarch, analysis, and dissemination priorities that USAID’s Bu-
rean for Africa should consider for its analvtical agenda on malaria and
cmergimg health-related threats in sub-Sahavan Africas The meeting
brought together professionals knowledgeable about public hiealth care
programs in Alvica, especially malaria control programs. Participants identi-
ficd a munnber of priority program-relevant issues that could be addressed
through rescarch, analvsis, and dissemination to improve malaria and re-

lated public health programs in Afvic.

The strategic framework was drafted based on this consultative meeting
and on previous consultations with African decision makers, a review of the
literature, and the results of international expert bodies convened to dis-
cuss malaria preventon and control, Ttassesses, analyzes, and ranks the information

needs and research prionities in the following areas:



¢ malaria cpidemiology and national control programs,
¢ case management of makaria (diagnosisand treatment),
¢ malaria prevention, and

¢ monitormg and evalwaton of malaria impacts on development.

Summary of Research and Information Dissemination
Priorities

Malaria Epidemiology and National Control Programs

Malaria in Africa can be caused by any or all of the three distinet protozoan
pavasites, Plasvmodivm falciparum, I ooale, and Pomalarviae (P vivax rarely oc-
curs in sub-Saharan Afvica)y, with 22 faleiparion the dominant and canse of
the most severe and lethal cases. There are several mosquito species of the
genus Anopheles involved in ransmitting the infection, with Anopheles

gambiae being the most important,

Malurv exists inavange of African environments from coastal swamps
through forests, savamnahys, desert fringes, and the ever-expanding
periurban shums around major African cities. Perennial or seasonal trans-
mission can depend on vearly paterns of rainfall or the regular availability
ol water. The cthnic diversity of Africa create an array of life styles, habits,
housing types, and concepts of malaria prevention, treatment, and control,
Allof these factons have 1o be taken into account when developing malaria

control policies, strategies, and programs.

Studies in key arcas with seasonal and vear-round malaria transmission
should be performed to use the results as models to develop and test ma-
laria control strategies. The data obtained must distinguish between infec-
tion (parasitermin) and discase. Tt is important to develop a limited number
of paradigms based on geography and transmission patterns and 1o con-
duct intensive study at a manageable number of sites. The results of these
studies should help decision-makers 1o choose new approaches o preven-
tion and control of malaria that are appropriate for the varions regions and

ceological zones of malaria transmission on the continent.



Case Management and Malaria (Diagnosis and Treatment)
Integrated Case Management of the Sick Child

Farly diagnosis and prompt oreatment—disease imanagement—are fundamental to
malariaccontol. Improving case management of makariaamong children and preg-
nanewornen, onwhom malaria has its greatest adverse impact, is ahigh priority. As
malaria s mainlyva problenm of voung childven, health services should be veceive
guidelines and uaining for the diagnosisand teatmentol malntaas part of WHO's
“sick child™ approach. The approach mcludes discase management of malaria,
diarrheal discase acaterespiratoryinfecions, measles, andimalnutrition. Operations
research should he conducted to assess health-secking hehavior as related o ma-
laricand to tescand evaluate the implementation of the “integrated case manage-
mentof the sick child™ approach. Ttis important o research differentways of
strengthening and nproving the qualiy of maliia case managementatdifferent

levels of the districthealth svstem, including the houschold fevel,
Malaria Drugs

Availabiluy and alfordability 1o patients of effective antimalarial drugs is
crucial for the control of malaria. Because chloroquine is an economical
antimalavial that s sall effective inmost regions of Africa, it is essential 1o
define the chloroquine-resistmee prevalence and 1o develop strategies to
profong its usetul lite. To address the fivst objeciive, studies should be per
formed using modern methods to determine the prevalence of diug resis-
tance. To address the second objecnve, different policies and strategies o
control antimalarial use should be studicd-—to determine their impact on

drug use and the prevalence of resistance.
Recognition and Dicgnosis

The practical importmce of diagnosis is that itis the initial step before
treattnent. ‘To define the value of carly dingnosis, itis essential 1o deter-
mine whether delay (tme from onset of svmptoms o intervention) is an
important determinant of outcome. This question can be answered with
availuble methods and is essential to sethealth priovities for local v, re-
aional health centers in sub-Saliran Ahicas There is also a need o support
the developmient of vapid and cost-etiective tests Tor hetter biological diag-

nosis of maklria atall stages of the disease, trom asymptomatic to severe maknia,



Malaria Prevention
Insecticide-Impregnated Materials (Bednets, Curtains)

Additional studies mav be necessary to determine efficacy of the use of insecticide-
impregnated mosquito nets on malariamorbidiy and mortality, However, becanse
several studies of the efficacy of bednetsare in progress, substantial investmentin
studies of implementationand sustainability shiould bhe considered with cantion untit it

is clearwhetherinsecticide impregnated materials reduce malariamortality.,
Vaccine Development

homunization against malaria may become possible in the future. Although
sorne vaccines have been tested in the field, they are sall at the carly stages
of development (WHO). Support Lor applicd research on vaceine develop-
ment will continue to receive a high prioviyg including development of
ficld sites in sub-Saharan Afvica, and stadies ol ransmission-blocking vae-

cines hased on gametoovte (sexual stage) antigens,

This prioriy should include developmient of sereens, models to determine
whether immunization with o candidite antigen prevents mlection
(parasitemia) or disease (e.g., cerebral malaria). This priovity can also in-
clude development of appropriate primae models that provide systems for
the study (relevant for vaceine vescarch) of human complications, such as

cerebral malaricand venal tailuve in P faleiparion malaria.

Monitoring Evaluation of the Impact of Malaria on
Development

Yhe potential impact of ialnia on development, as well as the impact of
development activities on the spread of the disease, should be carefully
monitored and evaluated, Any malarioc strategy adopted ar the national or
local Tevel should be monitored 1o determine compliance with guidelines,
and to determine s nupact onomorbidity and mortality. Process and
health indicators should he used 1o assess the effecuaveness of malaria con-
trol programs. Innovative and crosssectoral approaches to include malaria
preventionand controlacivitiesimother relevant development sectors should be de-

signed, tested, and evaluated to control malaria.



Review of Issues and Informaiion Gaps and Needs
Development of Malaria Control Programs
Lpidemiology of Malaria in Sub-Saharan Africa

Malaria in Afvica can be caused by anv orall of the three distinet protozoan para-
sites, Plasmodiwon falcipavion, Poovale,and Pomalaviae (P vivaxravely oceurs in
sub-Saharan Alvica) with I* falciparion the dominantand cause of the mostsevere
and lethal cases. Thore are several mosquito species of the genus A nophelesin-

volved in transmitting the infection, with Anopleles combioe the maostimportant.

Malaria existsin arange of African covironments from coastal swarnps through for-
ests, savannahs, desert fringes, and the ever-expanding perinebhan shimsaround ni-
JorAfrican cities, Perennial orseasonal tansmission can depend onvearly patterns
ofvaintdl or the regularavailability of water. The ethnie diversiiv of Afvica creates
anauray of life-stvles, habits, housing tvpescand concepts of malaria prevention,

reatment, and control.

Because the epidemiole gv ol Plasmodinm falciparnon madaria in sub-Saharan
Alricais a complex mosare with shifting patterns as the scasons evele, it pro-
vides few opportunities to generalize. For this reason, malnia coutrol pro-
grams must be guided by local epidemiologic data. These data must be
gathered where thev are lacking and analvzed where thev exise Teis
cqually important that thev be collected onamanageable scales Basie
cpidemiologic studies of morbiditv and mortadity need not be complex,
highhy technical, o expensive. In fact, they shoudd ase Tocallv available ve-
sources so that they can be perlonmed by indigenous persons, and thus si-
multincoushy provide training opportanities. Onlv afrer this information
has been obtained at the Tocal Tevel is 1 possible to plan and mplement ap-
propriate mali control programs. Advantages of this sirategy include its

low cost, manageabiling, sustaimabihiny, and cfficacy.
Development of Malaria Contvol Pavadigms and Models

To be elfective, malarie control progriams must bhe based on local
epidemiologic, cnvitonmmental, social, and cconomic data The develop-
ment of a limited number of malaia control paradigms based on geogra-
phy and tansmission patterns offers the opportunity for intensive study at a

manageable number on sites, This is necessary hecause neither the person-
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nel nor the financial resources necessary to study all malaria-endemic areas
are available in sub-Saharan Africa. This strategy is also consistent with the
recommendations of WHO, and with the Tustitute of Medicine report on
malaria,. We recommmend developing a set of parvadigms for sub-Saharan
Afvica that considers the level ol endemicity, intensity ol transmission and
geography for at least six settings: savannah, forest fringe, forest, agricul-

toal (inclading irvigation), desert fringe and urban.

Once these patadigms have been developed, cach should be used o develop model
malaiacontrolstiaegies. Althoughlogical, thisapproach is novel becanse para-
digms have rarely beenused (or evaluated) as tools to develop or implement makia
control programs—ceven in pilotmaliia control projects, Factors thatmusthe con-
sideredin the use of paradigms to develop model control programs inchude endemie-
iy (holo-vs_hvper-and mesocndemic transmission), intensity of ransinission,
vector(s), parasite species, hostfactorssuchias the prevalence of sickle cell anemia,

drug resistance, and drag pressune.,

When the paradigmrand us model control program have beenadapted to the local
sttvation, thatstretegy should be implemented, using locally obtainable resources
whenever possible. Additional factors that might adfect the suceess ol a control pro-
eram include the availability (orabsence) ofhealth pesonnel, health centers, dispen-
siries, vehicdes, and volunteer networks, Based on these considerations ind on the
desirability of mitegrating malavia g eaunentinto priosuy health care (PHC), itis ad-
visable to bhegar appiving pilotcontrol strategies inncas with established PHC pro-
gras. Thisapproach should be caried ontwith the collaborationand sapportof

pubicand private institutions, especially nongovernmental organizations (NGQOs).

Itmay e necessmy o develop an epidemiotogic cadre of Alvican invesngators ca-
pable of planming, peronming, andanalvzing health epidemiologic dat o detenmine
their own national health prionities. This critically ioportant long-tenm investinent

cannotsuccccd withontadive national programs to which these trainees canapply

thewr knowledoeand skills,
Case Management of Malaria
Integrated Case Management of the Sick Child

Farly dizgnoss and prompt vreatment—discase management—are funda-
wental o malaria control, Iimproving case nimagement of malivia ammong
childven and pregnant women, on whom malavia has its greatest adverse

impact, s high prionity.



Redd and coworkers (1992) found substantial overlap between clinical cri-
teria for malaria and pneumonia;  they therefore suggested that children
meceting the criteria for pneumonia be treated with an antimicrobial such
as pyrimethamine plas sulfadoxine, which was also effective against malaria

(in the absence of Taboratory facilities).

As malariais mainly a problem of young children, health services should receive
guidelinesand training for the diagnosisand treamment of ik ivas partof the
WHO's "“sick child™ approach. The approach includes discase management of ma-
laria, dirheal discase, acute respiratoryinfecions, measles, and malnutrition. € -
crations rescarch should be conducted o assess health=secking hehavior as related
to malariaand to testand evaluate the implementation of the “integrated case man-
agementof the sick child™ approach. Itis important to rescarch differentways of
strengthening and improving the quality of malaria case managementacdifferent

levels of the districthealth svstem, including the houschold level.
Issues of Malaria Diagnosis

The availability of rapid malaria diagnosis Tags behind the need. Although
the blood smear remains the gold standard, the speed of microscopic diag-
nosis is often imadequate inarcas with high caseloads because there are not
cnough skilled microscopists. In endemic arcas, this question is further
complicated bhecause the presence of parasites on a blood smear does not
establish that malaria is the cause of the patient’s tlness (Rougemont et al.,
1991). The development of cheap, simple diagnostic methods to address

this situation is an urgent need.

Molyncux et al. (1989) identified cight clinical and biological presenting
featres in malaria, cach of which was individually associated with an ad-
verse outcome (death or sequelae). High levels of TNIEF correlate with fa-
tality in childhood cerebral malaria (Kwiatkowski et al. 1990). Although
rescarch suggests that carly treatment prevents mortality from malaria
(Rooth and Bjorkman 1992) it is not dear whether early treatiment pre-
vents severe malaria, including cerebral complications. Defining the im-
pact of tme (rom onset to the tme of intervention) on the risk of
complications would greathy influence malaria conuol suategies. It would
permit one to dedide ranonally whether the priovity should be vapid local
intervention at the primary health care level—il time is the critcal deter-
minant of outcome—or more sophisticated, even tertiary care centers (il

complications are not directly related 1o the time from onset 1o interven-

9



tion (suggesting idiosyneratic, currently unpredictable, interactions be-
tween the parasite and the human host.) More research should be con-
ducted on the clinical progression of, and the risk factors for, the discase
iself (Oaks cral. 1991). For a proper conduct of such studies, one should
subdivide the discase process into several steps: no infection, asymptomatic
infection, non-complicated discase, severe discase, and death, Determi-
mants for the progression from one step to the next can then be analyzed

separately.
Clinical Diagnosis

Rougemont et al. (1991) have reported anassociation between fever and
parasite count in West Africa during the wet season when there is high
transimission. This association was further strengthened by the use of three
simple chinical eriteria. Similarly, Govardhini eval. (1991) reported from
India that fever alone identifies about 75 pereent of malaria cases. Con-
versely, during the div season when there is low transmission, Redd and co-
workers (1992, found substantial overlap between clinical entteria lor malaria and
pnewmoni Feverwas among the criteriafor presumptive reatment of malaria, Im-
proving case management of malaiamong children will require thacclinical eriteria
for diagnosisbe refined. Operations rescarch should be conducted o assess health-
seeking behavior as celated to malaria, o determine the risk of tue malaria attacks
among childienwithoutfever (hecause carrent presumptive diagnosis is based on
the presence of fever). The realimpactof determining clinical and biological prog-
nostic indicators incase-managementin the reduction of mortality should be deter-

mined (Molvneux etal. TY89).
Laboratory (Microscopic) Diagnosis

Parasite counts lower than 10,000/il have been reported to have no signili-
cant assoctation with febrile episodes in some hyperendemic arcas with sca-
sonal ruansmission (Rougemont etal. 1991). In conwrast, Rooth and
Bjorkman (1992) suggested that 400/i1 was a valid cut-off for one to nine
year-old children with fever. To summarize the available evidence: it does

not permit a consensus on an asviptomatic (cut-off) level of parasitemia,

Because these and other data suggest that the level of so-called
asymptomutic parasitemia varies among individuals, it is likely that addi-
tional non-parasite factors such as the host response are also major determi-

nants of whether P faleipanon infection is mild or severe. Studies to further

10



define correlates of clinical and biological prognostic indicators are recom-

mended.
Alternatives to Conventional Microscopy

The following techniquesare alternatives to classic microscopy to improve: the bio-

logical diagnosis of malaria:
Quantitative Buffy Coat

The quantitative butfy coat (QBC) technigue uses acridine orange to stain
DINA and centrifugation in a capillany (hematocrit) tube to sepavate cells
by density (specific gravity). With fluorescence microscopy, malaria para-
sites are visualized at the junction between the top ol the red cell Tayer and
the bottom of the butfy coat. Comparison of QBC with the thick smear in-
dicates that the QBC is sensttive and specilic (Spiclman et al. T988; Kumar
ctal, 1993). The QBC s also rapid: an experienced investigator can ex-
amine one specimen every 20 1o 30 seconds (Anthony 1992; Kamar et al
1993). However, the QBC s more expensive than conventional nuicros-
copy, and its performance may vary under diflerent ficld conditions (Baird

el al., 1992), and with inspection time (Anthony, 1992).
Immnoassays

Immunoassays have a detection limit similar to microscopy (10 to 20 para-
sites per microliter of blood), and may be useful for sereening blood
samples prior to transfusion or in epidemiologic studies (Namsiripongpun
ctal. 1993). Their major disadvantages are cost, short shelfl life (RIA), and
length of ttun-around time (two to four hours for FLISA, longer for RIA). Assays
that detectsoluble parasite antigens may be able to diagnose malaria in smear-nega-
tive patients (i.e., in the absence of cireulating parasitized red blood cells), asituation

sometimes found m cerebral mabivza (WHO 1990,
DNA Probes Polymerase Chain Reaction (PCR)

Two moleculay strategies snow promise for the diagnosis of P fatciparum in-
[ection: a DNA probe for a highly repetitive sequence, and a PCR based on
a highly conseived sequence. Use of one DNA probe has been shown to be
sensitive, specific, and cconomical (Mcbaughlin etal, 1993). It is a poten-
tially interesting tool for paticnt management and for processing kuge
numbers of samples (swrvetllance, blood banking). Barker et al, (1992)

recently developed a simple method for treating blood samples that per-

3



mits direct detection of P falcipanion parasites using PCR. Sethabuur et al,
(1992) have shown that PCR is more sensitive than microscopy (thick

smear) for parasite detection.
Therapeutic Issues

Chloroquine renains the mostimportant drug for the treatment of malania due to
susceptible pavasites (Plasmodivom ovale, 2 malarviae, most P vivax, and some P2
Jalciparom)  and for chemoprophyvlaxis in pregnant women because ias inespensive,
safe, and elfective. However, its value has decreased considerably because of
chloroquine resistance in 2 falciparuom. Thus one of the central unsolved problems
mmalavias he development of altermative antimalarial thatare effective against

chloroquine-resistant 2 faleipariom.
Development of Policies for Antimalarial Drug Use

Appropriate drug use requires correct diagnosis, followed by appropriate
treatment. Treatunent must be sufliciently aggressive to prevent (or re-
verse) potentially fatal compiications such as hypoglveemia and cerebral
malaria, but not so casual or widespread that it enhances deveiopment of
resistance. Treatment must be targeted to persons with symptomatic infec-
tion (discase), not to those with asvmptomatic parasitemia. What is needed
are practical criteria—specific clinical symptoms or signs that are indica-

tions for therapy,

Treatmentaan be given by health professionals, community health workers, or par-
entswho has beenadequately trained. Uneven preseription practices by health care
workers have heenatibuted to outdated wextbooks and taining, drug company pro-
motions, paticnt preference for injections, inegul supplies of medicines, andalack
of guidimee hrom public healthy officials, Forexample, the CCCD programin Togo
forund that two-thirds of licalth workers gave injections of quinine, even if patients
could take the weatment ovally, and the symptoms didn’twartant rapid administra-

tion of the drug (Breman etal, T988),

National policies on drg use must be developedand tested becanse exeessive dimg
use may exacerbate drag resistance, Forexample, whatare the effects ol using a
giverrdiag for reament of sviaptomatic 22 faleipanoninfection on the subsequent
development of vesistance to that drag?z This is a particalnly important
question for the sub-Saharan countries now using sulfadoxine-
pyrimethiomine (Fansidiun®) because this combination selects rapidly for re-

sistant pavasites i vino, and presimably will also do so i vive, Similarly, at
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what point are the benefits of chemoprophylaxis with chloroquine for
pregnant women and children less than five years old counterbalanced by

increasing chloroquine resistance?

National drug distribution policies should also develop eriteria for approval
of new antimalarials. Which, it any, of the newer more expensive
antimalarials should he made available, and how should those decisions be
related to (or driven by) national budgetary considerations, or by the

prevalence of resistance?
Chemoprophylaxis

Drug use policies must consider the nataral semi-immune state, which typi-
cally protects long-term residents against severe discase and death after
years of exposure to malaria. Thus the semi-immune state obviates the
need for chemoprophylaxis (to prevent severe complications and deaths)
among life-long (non-pregnant) adult residents of malarions arcas.  (Note
that semi-immune residents of endemic arcas are often parasitemic;  they

are protected against discase, not against infection.)

Chemoprophylaxis for pregnant women should be examined using field
(operations) rescarch to identify the pregnancies at greatest risk and to as-
sess the efficacy of chloroquine chemoprophylaxis. Malaria infection in
primigravidas results in high parasite densities and is associated with low birth
weight. Because the henefits of chemoprophylaxis are less elear than thought previ-
ously, and because commuunityavide chemoprophylaxis for pregnant womenis difhi-
cultto implementand maintain, operatons rescarchis required o find better ways

of managing makuiain pregnantwomen,
Monitoring of Avtimalarial Drug Use

Antimalarial drug distibution is typically uncontrolled. Inmost malaria-
endemic countries, antimalarials are available from strecet vendors, pharma-
cies, individuals who hoarded pills from their Last treatnent, and clinics,
Particularly in arcas where chloroguine resistance i present, excessive
chloroquine use resulting from widespread availability may increase the

Pl‘(?\’ill(?l]('(' ol such resistance,

A practical surveillance system should be in place to identify treatiment fail-

ures and their cause. This should be accompanied by development of tools
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and protocols to monitor drug resistance and the use of alternative drugs

when necessary,

Malaria Prevention

Vector Control: Insecticide-Impregnated Materials

Lfficacy of Insecticide-Impregnated Matevials (bednets, curtains...)

Bednetsalone, whenused corvectly, protectagainst mosquito bites by ereating a
physical barrier between hunansand the Anophelesmosquito. Thevare more ¢f-
fective whendipped ininsecticides suchias permethrin or deltaumethrin: hednets (or
curtains) dipped in such insecticides provide iwo addiional amti-mosqguito (killing and
repelleny ellects (Greenwood etal, T993) and mav markedlviedace indoor biting

rates.,

One importnt disadvantage of bednes and curtains is that they are effee-
tive only against mosquitoes that bite indoors when people are sleeping.
Therefore, prior o implementing a wide-scale hednet (or curtain) pro-
gram, it is essential (o define vector behavior to determine Linding and bit-
ing rates, resting behoavior, and the tmes when bites occur. For these reasons,
bednets (or curtams) represent onlvone component ol acomprehensive maliia

control program,

Byreducing mosquito-biting rates, insecticide-impregmaed hednets (HBNs) and cwn-
tains mavreduce the incidence of malaria complicadons and deaths (Rozendale
1989, Chunge 19091y, Although HBNSand curains have been shown to reduce the
prevadence ol infection (parasitenia) their effecs on serious complications and
deathsawre notdear. The gcencra tnend of the resalis thus faris that HHBNs reduee
the incidence obfever and the prevalence of anemiaamong voung childven, espe-
callvwhen combimed with chloroquine (Greenwood etal, TOST; Rozendale 1984,

persondal communseation C 5 hifl 1993,

Interestin the cifecr of BN and cuntains on mortaline was stimulated ini-
tallv by resulis from The Gambia showing an association between reduced
childhood maortalitv and HBNs inan area with Tow makaiac endemicity and
fow-intensity ransmission. Because similar results have not vet been ob-
tained i settings with morc intense transinission, icis not clear whether
HBNs were the sole fictor responsible for the deareased mortalite observed
in The Gambiao Asver, no studies have demonstated reduced childhood

mortality inareas ol high nansmission. The potential link between the use
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of 1IBNs (or curtairs) and decrcased childhood mortality is an exciting
lead that warrants further research. In funee studies it will he important
to test whether impregnated bednet (or curtaing) alone can reduce child-

hood mortality, or combinations of interventions such as carly diagriosis and

Several investigators haveargued that IIBN suategies should e inplemented ina-
cis of high ansmission despite the lack of information on theirabilin o veduce
childhood mortality in suchareas, These recommendations are based on studies
demonstrating reductions inmorbidity as measured by prevalence of parasitemia
with leverand—by interence—in the prevalence of septomatic malaria. With the
recagnition that HIBN programs are complex and requite extensive resources (for
initial procuremantof netsand insecticide and for human resources in the ficld)y,
WHO, otheragencies, and the Atantconsultative mecting participants have taken
the position thatamajor connnitment to implement HBN progruns inareas of high-
intensity transmission should ot be made until daa demonsaate that IBNs reduce

mortality insucharcas of ransmission.

The etficacy of HBNs on makuiamorbidit and mortaliy must e established. Be-
cause of variable vector behaviors, bednetstrategies canmot stand alone ina malaria
control program. Rescarchis needed on the specific veetor behaviors inthe areas
where bednetsare used, There is evidenee that ITBNs can reduce morbidine related
to malaria; the ability to reduce mortality isstilluncertain, Fhe highest priority
should he given to studies on the effect ol HBNs on childhood maortality in settings
with high-intensity trin- aZgsion. These studies witl cquire extensive work with the
conmunity for full implementation of HBNs in the study villages orareas, Thisisan
operational rescarch question (notaquestion of implementation) and should be

treated assuch,

Cultural Acceptability and Sustainabitity of Insecticide-
impregnated bednels

Cultral acceptability of bednets and cartains is 1 kev issue in their effee-
tiveness, Rescarch on the community acceptance and use of insecticide-
impregnated bednets in sub-Saharan Africa has shown that houscholds in a
wide varicw of social and cultaral settings are willing 1o use TIBNs or cur-
tains, although some beliels and sleeping patterns new limic their use and
cllectiveness (Rozendale 1989, Chunge 19915 personal conmmmications (G,
Schiff and J. Sexton 1993). Known baniers 1o HBN or curtain use include

discomfort due to heat, and cultural reactions based on the resemblinee of
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HBNs to death shrouds. In addition, specific skills are necessary use TIBNs
or crtains cffectively. These inclnde tncking the 1BN in plice when
sleeping and hanging it properly during the day when itis not in use. The
most important positive factor reinforcing the appropriate use of TIBNs is
their ability to control nocturnal biting inseets (pest value). Because there
are many distinet cultures imong the more than 40 nations of Africa, addi-
tional rescarch is needed to define the most effective way to teach bednet
use, identfy caluural barriers to its use, and use the positive outcomes of

beduets il they reduce mortality inarcas with high-intensity transimission,

Social marketing of hednets depends on the promotion techniques and
explanations given to the public, as well as availability and cost of nets and
insecticide, An understanding of cultural bairiers to net use must be in
place before social marketing plaus can be developed.  Rates of use will
vary depending o community participation, education, and political sup-

l)()l'l.

Ifabednet prograntis to work over the long term, itmust be sustainable, based on
community participation in bednet distribution, repair, and possibly manufacture. It
has beenargued that because bednets reduace some aspects of morbidity, they
should be widely distributed with rescarch focused on their aceeptability to the tu-
getpopulaton, and whether bednetinterventions can be made sustainable. While
these issues should be investigated, theyare secondary to the main issue, which is

whetherbednetsreduce childhood mortality.

Developmentof national programs to implement bednetstategies should be delayed
until the more fundamental questions related 1o bednet effectiveness have bec . an-

swered, Inaddition to effectiveness, operations rescarch is needed on local knowl-
edge, beliets, and perceptions of malaria and bednet use, and the

cconomic implications of such a program,
Vaceine Development

hnmunization against malaria may become possible in the future. Although
some vaccines have been tested in the field, they are stll at carly stages of
development (WHO . USAID has provided critically important support for
vaccine development during the Tast 10 10 15 years, creating a prograim
that would be difficult or impossible to sustain within cither the National
Institwtes of Health or the World Tealth Organization. The USAID network
of investigators and their studies provide the most important leadership

worldwide in malaria vaceimne development.
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The natural immune response to plasmodial infection protects against se-
vere discase and death: long-term (semi-immune) residents of highly en-
demic arcas rarcly have serious or potentially fatal complications. However,
long-term residents of endemic areas are frequently parasitemic becaunse
the semi-immune state does not protect against infection. Different tvpes
of vaccames may be required for different populations. For example, vac-
cines that require boosting from natural infection make sense for children
in sub-Saharan Africa, but not for expatriate tourists. Conversely, a vaccine
that produced inadequate responses in malnourished children would be a
particularly poor choice for snb-Suharan Africa. Because development of
sporozoite and blood-stage vaccine antigens has encountered many nunex-
pected problems, there is a real need o re-examine the immune mecla-
nisms involved in protection, identify antigens that produce boosting as a
result of natural infection, consider the possibility that some immune re-
sponses may increase the host's chance of severe discase, and identify new

target parasite antigens,

Not-immuie visitors need avaccine that prevents infection because they have a
limited ability to preventinfection from progressing to potentially life-threatening dis-
case. This protection need last for only a few weeks or months inmaost cases, be-
cause repeatimmuunization is cconomically feasible. Incontrast, long-term residents
of endemicregions require avaccine that protects against discase (notinfection)
and thus prevents complications and deaths, This protection nust Last for years,
should be enhanced by repeated episodes of natural infection (boostiig) (Ouks etal.

1991), and should be obtanable for children, whoare at the greatest risk.

Although avaccine may benefit the comnnmity as awhole by reducing transmission,
the vaccinated individual may actnally become more suscepiible to severe malaria
than the personwas before immmmization, as the semi-inmmune state wanes because
of rednced tansmission and the vaccine-induced response wanes from Lick of
boosting (.c.,if the vaceine alone does not protect for life). Ananalogous question
naised by Molyneux in 1989 is whetheran initially successful vaccimation program
could convertan arca with holoendemic, stable malariacto anarea at visk for epi-
demie, nustable malavia, where both vaceinated and unvaccimated persons wordd be

atrisk for severe discase,

Support for applicd rescarch on vaccine development will continue to re-
ceive a high priotity, including the development of field sites in sub-Sa-
haran Africa, and stndies of ransmission-blocking viiecines based on giametocyte

(sexual stagey antigens. This priority should include developnent of sereens/models
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to determine whether immunization with a candidate antigen prevents in-
fection (parasitemia) or discase (c.g., cevebral malaria). This priovity
should also include development ol appropriate primate models that pro-
vide systems for the study (relevant for vaccine rescarch) of human compli-

cations such as cerebral malaria and renal failure in £ feleiparaom malaria,
Monitoring and Evaluating the Impact of Malaria vn Development

The potential impact of mialaria on development, aswell as the impact of develop-
mentactivities on the spread of the disease, shonld be carefully monitored and
evaluated. A study conducted on the cconomic impacts of malaria in Kenyaand
Nigeriaby the USATD-funded Health Financing and Sustainability Projecthas found
that malariis a major factor of school days lost. In Kenya cach primary school stu-
dentmissesan estimated 20 school days per year due to malaria, 108 pereent of
Kenya's 186-ay school year, Nigerian prinary and secondary school students miss

an estimated three to 12 school days peryear, two to six percent of the school year.

Any malariastrategy adoptedac the national or local level should be monitored to
determine compliance with guidelines, and to determine itsimpiact on morbidity and
mortality. Processand health indicators should be used to wssess the effectiveness

of malaia control prograums.

Studies to document the adverse impact of malaria on the community, families/
houscholds, agricultural sector, industrial sector, social sector, and political sector will
provide importantinformation for the formulation of future development strategies
and the integration of malaria preventionand control activities into other develop-

mentprograns,

Innovatve approaches should be designed and supported to strengthen
local capacities in applied research to permit and promote regular assess-
ment of African countries” malaria sitnation, in particular the ecological,

social, and cconomic determinants of the discase.

USAID’S Burcau for Africa Approaches to Implementation of
Analytical Activities

Malaria prevention and control is a high priority for the African region. To
support policy formulation, strategices, and program development for ma-
larita control in Africa, AFR/ARTS/HIR is committed to support analytical
works in this arca. AFR/ARTS count on the presence of USAID missions
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and USAID-centrally finded Large projects working on a long-term basis in

African countries to unplement its analytical agenda on malaria.

USAID cooperation with and support for a variety of African institutions at
regional and national levels creates opportunities for condncting vescarch,
analysis, and disseminationactivities in close collaboration witlhe Afvican individuals

and organizatons.

AFR/ARTS hopes to work in close collaboration and partnership with vari-
ous agencies ol the United Nations, especially WHO and UNICEF, to sup-
portanalvtical activities on malariacin Africa. USAID's cooperating agencies
such as the Centers for Discases Control and Prevention, National Institutes
of Health, Tuliane University School of Public Health, The Johns Hopkins
University School of Hivgiene and Public Health, and the Academy for Fdu-
cational Development—which already have access to networks of African
rescarchers and program managers dealing with malria controf—would
be used to assist AFRZARTS inimplementing its analytical agenda on ma-

Lawia.
Ongoing and wider consultation mechanisms will be organized to fucther diseuss re-

scarch priorities and develop analytical activities in support of implementation of the

malaria strategy for Afvica,
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