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The world has an unprecedented opportunity to improve the lives of billions of
people by adopting practical approaches to meeting the Millennium Develop-
ment Goals. At the request of the UN Secretary-General Kofi Annan, the UN
Millennium Project has identified practical strategies to eradicate poverty by
scaling up investments in infrastructure and human capital while promoting
gender equality and environmental sustainability. These strategies are described
in the UN Millennium Project’s report [nvesting in Development: A Practical
Plan to Achieve the Millennium Development Goals, which was coauthored by
the coordinators of the UN Millennium Project task forces.

The task forces have identified the interventions and policy measures
needed to achieve each of the Goals. In Coming to Grips with Malaria in the
New Millennium, the Working Group on Malaria of the Task Force on HIV/
AIDS, Malaria, TB, and Access to Essential Medicines proposes an operational
framework for scaling up integrated packages of effective antimalarial inter-
ventions with the aim of improving health nationally while also promoting
economic development locally—an emphasis that is echoed in Investing in
Development. An integral part of this framework is building stronger national
health systems as a platform for delivering essential antimalarial and other
health commodities and services. This report highlights the importance of free
provision of insecticide-treated bednets, application of residual insecticides,
and provision of effective antimalarial medicines and diagnostics to those at
risk of malaria. Adequate information systems for health and effective manage-
ment skills at all levels of the health system are paramount to effectively allo-
cating resources, monitoring program performance, and evaluating the extent
to which the health-related Millennium Development Goals are realized.



Funding for malaria control remains far below the $2—$3 billion required
per year to achieve the desired impact. Closing this resource gap is, however,
possible with the combined efforts of donor nations and endemic countries.

This report has been prepared by a group of leading experts who contrib-
uted in their personal capacity and volunteered their time to this important
task. I am very grateful for their thorough and skilled efforts and I am sure that
the practical options for action in this report will make an important contribu-
tion to achieving the Millennium Development Goals. I strongly recommend
it to anyone who is interested in the role of malaria control within a compre-

hensive development framework.

Jeffrey D. Sachs
New York
January 17, 2005
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The Millennium Declaration, adopted by world leaders at the United Nations
Millennium Summit in September 2000, formed the basis for eight mutually
supportive goals known as the Millennium Development Goals. Originating
in a series of United Nations resolutions and agreements over the past decade,
the Goals are intended to resolve the most important structural constraints
impeding sustainable economic growth and hence social progress in developing
countries. This concerted effort is directed at changing the course of policy in
several key areas at all necessary levels to combat poverty, disease, illiteracy,
gender inequality, and environmental degradation, particularly in the poorest
and most vulnerable populations. For countries trapped in entrenched pov-
erty, the Millennium Development Goals have highlighted health as a priority
investment area in view of the fact that any progress on this front is mutually
reinforcing and also contributes to better outcomes in the other Goals.

The Monterrey Consensus, adopted by a large group of countries at the
International Conference on Financing for Development in 2000, elicited the
commitment of countries to create an equitable global economic system by
providing more extensive debt relief and improved market access to poor coun-
tries. This commitment is necessary to achieve the Millennium Development
Goals.

The UN Millennium Project aims to identify the best strategies and
the resources needed to achieve the Millennium Development Goals in all
developing countries by the year 2015. To this end, 10 task forces have been
established, each composed of scholars, policymakers, and practitioners from
developed and developing countries affiliated with UN agencies, civil society
organizations, public agencies, nongovernmental organizations, and private
sector institutions. The task forces divided this work according to their exper-
tise with the aim of consolidating synergies among the Goals to achieve an



integrated strategy by the year 2005. The UN Millennium Project Task Force
on HIV/AIDS, Malaria, TB, and Access to Essential Medicines aims to devise
a framework for accelerated implementation of strategies for achieving Millen-
nium Development Goal 6: “Combat HIV/AIDS, malaria and other diseases.”
It has four working groups focusing on these three diseases and access to essen-
tial medicines.

The Working Group on Malaria puts forward a global plan for scaling
up country-level malaria activities and makes a number of recommendations
that require priority action to achieve the working group’s proposed target on
malaria: “Reduce malaria morbidity and mortality by 75 percent by 2015 from
the 2005 baseline level.” A range of effective tools and interventions exist for
the prevention, treatment, and control of malaria. However, coverage levels are
unacceptably low in endemic countries. More importantly, interventions are
not reaching those who need them most.

This report identifies key implementation challenges and resources required
for accelerated implementation of integrated packages of effective antimalarial
interventions designed to improve health nationally while also promoting eco-
nomic development locally. The task force members agree that the public good
will best be served by the free provision of insecticide-treated nets, application
of residual insecticides, and provision of effective antimalarial medicines and
diagnostics. An integral part of this global plan is building stronger national
health systems as a platform for delivering essential antimalarial commodities
and effective interventions to those at risk of malaria. Adequate health infor-
mation systems and effective management skills are paramount to sustain-
able disease control efforts. Finally, a program of applied and basic research is
required to develop a series of alternative medicines and insecticides, rapid and
reliable diagnostic tools suitable for field use, and appropriate vaccines.

This document is intended for the governments of affected countries,
donor nations, the private sector agencies, nongovernmental foundations,
civil society organizations, nongovernmental organizations, and academic and
research institutes. The task force members hope that this document will pro-
vide a useful framework for action and will stimulate an immediate response

to the plight of people living in malaria-endemic areas.
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Target 1.
Halve, between 1990 and 2015, the proportion of people whose income is

less than $1 a day

Target 2.
Halve, between 1990 and 2015, the proportion of people who suffer from hunger

Target 3.
Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a
full course of primary schooling

Target 4.
Eliminate gender disparity in primary and secondary education, preferably by 2005, and in
all levels of education no later than 2015

Target 5.
Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate
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Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio

Goal 6 Target 7.
Have halted by 2015 and begun to reverse the spread of HIV/AIDS

Target 8.
Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases



Goal 8

Target 9.
Integrate the principles of sustainable development into country policies and programs
and reverse the loss of environmental resources

Target 10.
Halve, by 2015, the proportion of people without sustainable access to safe drinking
water and basic sanitation

Target 11.
Have achieved by 2020 a significant improvement in the lives of at least 100 million
slum dwellers

Target 12.

Develop further an open, rule-based, predictable, nondiscriminatory trading and
financial system (includes a commitment to good governance, development, and poverty
reduction—both nationally and internationally)

Target 13.

Address the special needs of the Least Developed Countries (includes tariff- and quota-free
access for Least Developed Countries’ exports, enhanced program of debt relief for heavily
indebted poor countries [HIPCs] and cancellation of official bilateral debt, and more
generous official development assistance for countries committed to poverty reduction)

Target 14.

Address the special needs of landlocked developing countries and small island developing
states (through the Program of Action for the Sustainable Development of Small Island
Developing States and 22nd General Assembly provisions)

Target 15.
Deal comprehensively with the debt problems of developing countries through national
and international measures in order to make debt sustainable in the long term

Some of the indicators are monitored separately for the least developed countries, Africa,
landlocked developing countries, and small island developing states

Target 16.
In cooperation with developing countries, develop and implement strategies for decent
and productive work for youth

Target 17.
In cooperation with pharmaceutical companies, provide access to affordable essential
drugs in developing countries

Target 18.
In cooperation with the private sector, make available the benefits of new technologies,
especially information and communications technologies






Malaria is a major global health problem; more than 50 percent of the world’s
population is exposed to the disease. An exact assessment of the extent of
malaria’s health burden is fraught with formidable challenges. The disease is
estimated to cause 300-500 million episodes of acute illness and 1.1-2.7 mil-
lion deaths worldwide every year. More than 90 percent of the world’s malaria
burden is in Africa. Malaria takes its greatest toll on young children and preg-
nant women. At least 20 percent of all childhood deaths in Sub-Saharan Africa
can be attributed to the disease. Pregnant women are at great risk of malaria
infection and may suffer a range of complications from anemia to cerebral
malaria. These complications also affect the survival and development of their
newborns.

Malaria control has been increasingly recognized as an integral part of
a comprehensive development framework with a key role in poverty reduc-
tion. The disease has been estimated to reduce economic growth by more
than one percentage point a year in highly endemic countries. The perceived
risk of infection has been suggested to negatively affect decisions related to
investment, trade, and crop choice and to impose sizeable longer term costs
by slowing economic growth in malarious countries and widening the gap
between them and the rest of the world. Malaria exacts its toll on agricultural
communities and households living in rural tropical areas where subsistence
economy persists. The malaria transmission season generally coincides with
that of planting or harvesting. As a result, a brief period of illness that delays
planting or coincides with harvesting may cause catastrophic economic effects
in the world’s poorest regions, deepening the impoverishment of rural agricul-
tural households through direct output and income losses.

In the decades following the Global Malaria Eradication Program (1955—
69) the geographic range of the disease contracted substantially, and political



commitment and resources allocated for malaria control and research dwin-
dled. Malaria became a disease of the poor nations situated mainly in tropical
areas, and malaria control programs degraded significantly or were abandoned
entirely in afflicted countries. Since the 1980s and 1990s, the malaria conun-
drum has been exacerbated by the development and spread of resistance to
effective and affordable antimalarial medicines and insecticides and by the
general weakening of health systems. The situation is compounded by the fre-
quent occurrence of epidemics and complex emergencies.

Following the global resurgence of the disease, the Roll Back Malaria
(RBM) initiative was launched in 1998 by the World Health Organization in
partnership with the World Bank, the United Nations Children’s Fund, and
the United Nations Development Programme. RBM has been instrumental in
creating global awareness and political commitment for malaria control. Both
malaria-endemic countries and the international donor community expressed
their readiness to embark on sustainable control efforts at a national scale. How-
ever, five years after launching the RBM initiative, country-level implementation
of malaria control efforts has been severely limited because of a lack of resources
for large-scale procurement of essential health commodities such as antima-
larials, insecticide-treated nets, and insecticides. The growing HIV/AIDS pan-
demic has also overstretched the already limited resources available for malaria
prevention and control in the past decade, particularly in Africa.

Overall, despite a series of declarations on malaria, pledges by global part-
ners, and advances in the development of antimalarial tools over the past five
decades, very few health gains have translated into sustained societal improve-
ments in the lives of those living in endemic areas, particulatly in Africa south
of the Sahara. Since 2002 the situation has improved with an influx of addi-
tional resources for malaria control from the Global Fund to Fight AIDS,
Tuberculosis, and Malaria. Over the last four rounds of country proposals, the
Global Fund has stepped up its support by allocating about $450 million per
year to malaria control and has created optimism and resolve among endemic
countries to implement malaria control on a national scale. This is an encour-
aging start; however, more resources must be mobilized to meet the estimated
need of $2—$3 billion per year for scaling up the response to malaria.

The Working Group on Malaria puts forward a global plan for scaling
up country-level malaria control programs in endemic countries and makes
a number of recommendations that require priority action to achieve the
working group’s proposed target for malaria: “Reduce malaria morbidity and
mortality by 75 percent by 2015 from the 2005 baseline level.” At the core
of an operational framework is the implementation of integrated packages
of effective antimalarial interventions designed to improve health nationally
while also promoting economic development locally. Although this objective
applies throughout the world’s tropics, the need is particularly urgent in Sub-
Saharan Africa.



To this end, an integral part of this global plan is building stronger national
health systems as a platform for delivering essential antimalarial commodities and
effective interventions to those at risk of malaria. The public good will best be served
by the free provision of insecticide-treated nets, application of residual insecticides,
and provision of effective antimalarial medicines and diagnostics. Adequate infor-
mation systems for health and effective management skills at national and district
levels must complement provision of essential antimalarial commodities and ser-
vices to ensure sustainability of disease control efforts. African countries, because
of their marginalized position in the world economy and the scale of the malaria
problem, are particularly vulnerable to any failure on the part of the international
donor community to provide the necessary financial assistance.

A range of effective antimalarial tools and interventions exist for the preven-
tion, treatment, and control of malaria. The components of a national malaria
control strategy may include use of insecticide-treated nets; application of indoor
residual spraying; early diagnosis of clinical infections; treatment with effective
antimalarials; intermittent preventive treatment of pregnhant women; manage-
ment of the environment; improved housing; increased health education and
awareness; epidemic forecasting, prevention, early detection, and control; and
improved monitoring and surveillance systems and evaluation of program imple-
mentation. These interventions—if adapted to district- and village-level situations,
implemented with sufficient intensity and coverage, and sustained on a national
scale—will greatly reduce malaria morbidity and mortality and should promote
economic growth. With adequate financial assistance, it is feasible to scale up
access to interventions and increase low coverage levels to more than 80 percent in
three to four years. Specifically, insecticide-treated bednets should be distributed
to all children in malaria-endemic areas by 2007 to achieve 100 percent coverage.
Such a comprehensive strategy would promote cognitive development and school
attendance of young children. Finally, a program of applied and basic research is
required to develop a series of alternative medicines and insecticides, rapid and
reliable diagnostic tools suitable for field use, and appropriate vaccines.

The Working Group on Malaria has identified the following set of critical

issues for priority action:

1. Establish a realistic and measurable target on malaria

Because the established Millennium Development Goal target on malaria,
“Have halted by 2015 and begun to reverse the incidence of malaria” is diffi-
cult to measure and interpret, the Working Group on Malaria proposes a more
measurable target. The revised target is recommended to be: “Reduce malaria
morbidity and mortality by 75 percent by 2015 from the 2005 baseline level.”
The proposed target and timeline are consistent with the Millennium Devel-
opment Goals for improved maternal health and reduction of child mortality,
because children under five years of age and pregnant women are the most

vulnerable to malaria.



2. Enhance commitment at country and global levels

Ministries of health should concentrate on their stewardship role by strength-
ening their planning, analytical, and public health expertise. Adequate human
and financial resources should be dedicated to the pursuit of antimalarial inter-
ventions and the development of rationales for persuading other governmental
agencies to join in this effort. Ministries such as agriculture, trade, mines, educa-
tion, and finance are likely partners in malaria control. Such intersectoral col-
laborations are strengthened greatly when elements of the private sector such as
philanthropic organizations and various industries (such as oil and mining) are
included. Endemic countries should incorporate malaria control activities into
their poverty reduction strategies.

Governments should promote the use of essential antimalarial interven-
tion tools such as medicines, insecticides, insecticide-treated nets, and indoor
residual spraying. Such public goods should be available free of cost to popula-
tions at risk for malaria. These efforts will require donor community partici-
pation to mobilize resources, as malaria-endemic countries cannot afford to
implement these programs on their own. At the same time, measures should
be adopted that will ensure the appropriate use of financial and other resources
dedicated to malaria control interventions. Requirements for transparency
should be imposed on agencies that are the recipients of such resources.

3. Strengthen health systems at national and district levels

Ministries of health need long-term predictable commitments of funding from
the donor community to strengthen the healthcare infrastructure in endemic
countries to provide quality laboratory services that will ensure reliable diagnosis
and effective case management. Efficient mechanisms will also be required for
procurement and distribution of medicines, reagents, insecticides, and other
essential commodities, and for developing service delivery models coordinated
with other health programs and effective health information and monitoring sys-
tems. These information systems would identify the most pressing health prob-
lems that can be addressed by existing technologies and also promote appropriate
allocation of existing funds. Information systems for health should be modern-
ized and strengthened and, as resources for health increase, should integrate
community-level as well as facility-level data in a cohesive manner. Such com-
prehensive health information systems will enable planning, resource allocation,
and tracking program performance through monitoring and evaluating process,
outcome, and impact indicators. These systems are also essential for monitoring
and evaluating program performance, assessing the equity of health systems, and
evaluating the extent to which the Millennium Development Goals are realized.

4. Develop human resources for program implementation
Skilled personnel are required at national and district levels to assess local situ-
ations, develop appropriate intervention strategies, guide control activities,



and monitor their impact. Human resource constraints should be addressed
through an appropriate combination of incentives, legislative measures, and
management reforms. Motivated staff should be retained with salary supple-
ments and hardship allowances, and housing should be provided for those
working in rural areas where the malaria challenge is most pressing. Such
incentives may also slow the exodus to other countries of professionals seeking
better opportunities

Training is critically required in epidemiology, entomology, laboratory
diagnostics, and case management. Materials and tools that would enhance
supervision, planning, and program management should be developed and
produced. Existing regional malaria training centers and networks should
be encouraged to produce midlevel malaria professionals knowledgeable in
malaria prevention and management. These midlevel professionals should
also be able to implement malaria control activities effectively and promote
advocacy and community participation. Current training programs, espe-
cially in Africa, lack mechanisms to track certificate holders. Monitoring
and evaluation are keys to the enhancement of the quality of work at the

community level.

5. Promote social mobilization and community participation
Systems should be put in place for mobilizing communities and encouraging
community participation in malaria planning and control activities. Because
a large majority of the population at risk in Sub-Saharan Africa lacks access to
formal health services, extension health workers, traditional birth attendants,
and community health agents have a central role in the prevention and treat-
ment of malaria. Community participation in planning and implementing
malaria control efforts should be supported as an integral part of an effective
district health system. The process should include establishing new health cen-
ters and health posts as part of the district health system.

6. Provide effective antimalarial supplies and commodities
Antimalarial medicines, insecticide-treated nets, and insecticides for indoor
residual spraying (mainly DDT and pyrethroids) should be considered public
goods and should be available free of charge to residents of endemic sites.

7. Apply an integrated package of interventions

There is no single antimalarial “magic bullet” that can bring about a sustained
reduction in the malaria burden. A combined set of locally adapted interventions
should be used because the cycle of malaria transmission is composed of many
components that vary greatly from place to place. This package of interven-
tions includes use of insecticide-treated nets; the application of indoor residual
spraying; early diagnosis of clinical infections; treatment with effective anti-

malarials; intermittent preventive treatment of pregnant women; management



of the environment; increased health education and awareness; epidemic fore-
casting, early detection and control; and improved monitoring and surveillance
systems and evaluation of program implementation. The Working Group on
Malaria endorses the Quick Wins initiative described in the UN Millennium
Project’s (2005) Investing in Development, which recommends immediate scale-
up of high impact interventions that do not require complex infrastructure to
implement. Among these Quick Wins is the recommendation that insecticide-
treated bednets be distributed to all children in malaria-endemic areas by 2007.
Because of the tremendous potential to save lives, especially in Sub-Saharan
Africa, the working group believes that the target of 100 percent insecticide-
treated bednet coverage among children should be an urgent international
priority. In addition, intersectoral activities such as housing improvement,
agricultural modification, water resource development, and road construction

should complement these malaria-directed interventions.

8. Scale up malaria control efforts to national level

At present, malaria control efforts are conducted as relatively small projects
with limited coverage and scope. Because they tend to be fragmented and unco-
ordinated, these efforts have had little impact on the resurgence of malaria.
Improving efficiency and use by expanding primary healthcare services and
eliminating constraints and inadequacies are required. Control efforts should
be intensified and coverage extended to include all malaria-endemic sites glob-
ally. Community-based interventions should constitute an important element
in the universal strategy. Ministries of health need major donor support to
scale up investments in general health systems improvement and malaria con-

trol to achieve the health-related Millennium Development Goals.

9. Promote social and economic development

Although the main objective is to reduce malaria-related mortality and mor-
bidity, antimalarial intervention strategies should also promote social and eco-
nomic development. Sustainability requires strategies designed to eliminate
transmission in those sites that potentially generate wealth or that may promote
social development. Wealth-generating sites include those that are devoted to
tourism, mining, and manufacturing industries as well as port facilities. Social

development is promoted in schools and administrative centers.

10. Incorporate malaria prevention and treatment approaches
into school curricula

Instruction devoted to appropriate malaria-related material should be incor-
porated into the curricula of health-related schools (those devoted to medi-
cine, nursing, or sanitation) as well as schools devoted to agriculture, water
resources, and civil engineering. Such material should also be included in pri-
mary, secondary, and vocational schools.



11. Develop surveillance systems for early detection of malaria
epidemics

The increasing trend of large-scale malaria epidemics in the world requires the
development of improved methods for epidemic forecasting, prevention, and
early detection. Development of malaria surveillance systems is crucial for epi-
demic preparedness and effective response in epidemic-prone areas. Multisectoral
approaches reinforce effective development of early warning systems and should
be supported.

12. Promote partnerships for malaria control

Existing malaria partnerships link ministries of health with representatives
of UN and donor agencies but provide limited opportunity for participa-
tion by other governmental sectors. Civil society, faith-based organizations,
and the private sector are generally not included. Country-level partnerships
should, therefore, include these nontraditional members, and the activities
of these partner groups should be conducted under government ownership
and leadership.

While some countries have set goals and targets in line with the health-
related Millennium Development Goals, they are unlikely to achieve them on
their own unless there is massive and sustained increase in development assis-
tance from developed countries in order to help build national capacity for the
successful large-scale implementation of programs in affected countries.

13. Secure affordable access to the latest medical and
therapeutic discoveries

Development of sound policies to address the threat to health security due to
the sharp increase in the prices of medicines and other commodities is required.
To protect the poor nations from such a threat, such policies should envision
a national patent regime to secure affordable access to the latest medical and
therapeutic discoveries. Commitment is also required from the international
community to alleviate the restrictive features of the Trade-Related Aspects
of Intellectual Property Rights (TRIPS) agreement in its application to the
health sector.

14. Invest in research and development on malaria control tools

Safe and affordable antimalarial medicines for case management, as well
as other medicines suitable for prophylactic use or intermittent preventive
treatment of pregnant women and their young children, are lacking. Because
P. falciparum is increasingly losing its susceptibility to chloroquine and sul-
fadoxine-pyrimethamine (SP), such effective therapies as those based on arte-
misinin (that is, ACTs) or other novel effective antimalarials recommended by
WHO should be made available for treating uncomplicated malaria. Strong
financial support will be required for developing and testing new antimalarial



medicines. Large-scale cultivation in Africa of the plant that is the source of
artemisinin, Artemisia annua (annual wormwood), and a process for safely
extracting and formulating the active ingredient should be supported and
subsidized.

Development of new or improved diagnostic methods that are simple, reli-
able, and readily applicable in the field should be supported.

The availability of antimalarial vaccines is long overdue; vaccines suitable
for use by long-term residents of endemic sites and others for use by transient
residents are required.

Antivector methods effective against adult as well as larval mosquitoes
should be improved, and new classes of insecticides developed.

Basic and operational research should be conducted for malaria epidemic
forecasting, prevention, early detection, and rapid response.



The UN Millennium Project Task Force on HIV/AIDS, Malaria, TB, and
Access to Essential Medicines aimed to devise a framework to accelerate the
implementation of strategies for achieving Millennium Development Goal 6 to
combat HIV/AIDS, malaria, and other diseases, with specific health improve-
ments to be attained during the period 2005-15. Within this task force, the
Working Group on Malaria has sought to develop an operational framework
for relieving the burden that malaria imposes on society."! Although this objec-
tive applies throughout the world’s tropics, the need is particularly urgent in
tropical Africa. The aim is to improve human well-being immediately while
ultimately promoting economic growth.

Despite a series of declarations on malaria and pledges by global partners
in the second half of the twentieth century, very few health gains have been
translated into sustained societal improvements in the lives of those living in
malaria-endemic areas, particularly in tropical Africa where malaria trans-
mission has historically been far more intense than elsewhere. Success stories,
notably during the Global Malaria Eradication Campaign (1955-69), have
been confined largely to areas of low malaria transmission, mainly in the tem-
perate and subtropical regions of the world.

A curtailment of commitment and resources for malaria control and
research characterizes the decades following the global eradication period, as
malaria has become a disease of the poor nations located primarily in tropical
areas. National malaria control programs have been fragmented, lacking in
organizational structure and human and economic resources needed for sus-
tainable implementation. The malaria problem has been compounded by the
development and spread of resistance to effective and affordable antimalarial
medicines and insecticides, especially since the 1980s. The growing HIV/AIDS



pandemic has also overstretched the already-limited resources available for dis-
ease control in the past decade, particularly in Africa.

Launched in 1998 by the World Health Organization (WHO), Roll Back
Malaria has successfully harnessed the necessary political commitment for
malaria control within the international donor community.? The level of
internal commitment from African countries rose sharply following the Abuja
Summit on Malaria held in April 2000. At present, a broad consensus exists
for a coordinated effort aiming to strengthen systems for delivering effective
malaria control interventions on a sustainable basis. Country-level implemen-
tation of the Roll Back Malaria initiative has been severely limited, however,
because of donors’ reluctance to commit resources for large-scale procurement
of essential health commodities such as antimalarial medicines, mosquito
nets, and insecticides. Consequently, resource-poor malaria-endemic coun-
tries have been unable to undertake nationwide control activities, resorting,
instead, to programs of limited scope. Since 2002, the situation has improved
with an influx of additional resources for malaria control from the Global
Fund to Fight AIDS, Tuberculosis, and Malaria (GFATM), which resulted
in several country-led initiatives with well defined objectives, targets, and
indicators.

The public good will best be served if essential antimalarial commodities
are provided free of charge in developing countries, especially Sub-Saharan
Africa. Particularly important is distributing insecticide-treated bednets,
applying residual insecticides, and providing effective antimalarial medicines
and diagnostics to those at risk for malaria at no cost (Bradley 2001; Curtis
and others 2003; Curtis 2002b). Adequate information systems for health and
effective management skills, applied at national and district levels, must com-
plement the provision of essential commodities and services. Human resources
development is another area that is emerging as an urgent priority for sustain-

able disease control efforts.

The Millennium Development Goal and target for malaria
As enunciated in the UN Millennium Declaration, the UN Millennium
Project has the following time-bound target for malaria: “Have halted by 2015
and begun to reverse the incidence of malaria.” Because this target is difficule
to interpret and measure, the Working Group on Malaria proposes a more
measurable target: “Reduce malaria morbidity and mortality by 75 percent
by 2015 from the 2005 baseline level.” The proposed target and timeline are
consistent with the overall health objective and with the Millennium Develop-
ment Goals and targets that focus on improving the health of pregnant women
and young children, those who are most vulnerable to malaria.

Sustainability will be gained by an accompanying objective that focuses on
economic advancement, seeking to create malaria-free zones in which trade,

industry, and tourism will flourish.



To ensure this level of impact, the following coverage targets for key inter-
ventions should be achieved by the year 2008:

® Eighty percent of people at risk for malaria are protected by a suitable
combination of locally appropriate vector control interventions (insecti-
cide-treated bednets, indoor residual spraying, and environmental man-
agement).

® Eighty percent of malaria patients are diagnosed by means of rapid,
sensitive, and specific tests and treated with effective antimalarial medi-
cines, such as artemisinin-based combination therapies (ACTs), within
one day of the onset of illness.

Organization of this report

This document is organized into 10 chapters. After an overview of the health
and socioeconomic burden and the resurgence of the disease, it presents a sum-
mary of major initiatives and institutional policies that have been undertaken
for malaria control. Key malaria control strategies are described and several
successful scaling-up experiences are reviewed. The document then discusses
major challenges to implementing malaria control programs designed to reduce
the burden that malaria imposes on society and describes circumstances that
obstruct the attainment of necessary resources.

The Working Group on Malaria puts forward key strategies for effective
scaling up of integrated packages of locally relevant malaria control interven-
tions in endemic countries and makes a number of recommendations that
require priority action. Success in overcoming challenges to implementation
should enable many countries to develop and maintain effective malaria con-
trol programs and thereby achieve the Millennium Development Goal and
target for malaria by the year 2015.

This document is intended for governments of malaria-endemic countries,
partner institutions in developed countries, private sector agencies, nongov-
ernmental foundations, civil society organizations, nongovernmental organi-
zations (NGOs), and academic and research institutes. The recommendations
herein are also outlined in the UN Millennium Project’s (2005) Investing in
Development: A Practical Plan to Achieve the Millennium Development Goals.

An analysis of the global cost of scaling up a set of antimalarial interven-
tions was commissioned by WHO in support of the UN Millennium Project’s
Working Group on Malaria. The global cost for 200515 is estimated to be
$31.9 billion, which corresponds to about $3 billion per year.? Costing details
and assumptions are presented in chapter 7.

The results of a preliminary needs assessment for nationwide scaled-up
malaria control in Echiopia between 2005 and 2015 are presented in appendix
1. This needs assessment indicates that the total cost of an integrated package
of interventions for the next 10 years is estimated to be about $2.6 billion in
Ethiopia. Although the initial cost of the intervention package is estimated to



be large, intervention costs should decrease progressively because the capital
costs and number of malaria cases will decrease over time. The annual per
capita costs are estimated to decrease from $6.20 to $2.40 between 2005 and
2010 and from $2.40 to $0.84 between 2010 and 2015.



Despite a century of systematic disease control efforts, malaria is still ram-
pant in several regions of the world (map 2.1), draining the vitality of about
100 nations, particularly in Africa south of the Sahara (WHO 2002). More
than 50 percent of the world’s population is at risk of malaria infection today.
During the Global Malaria Eradication Campaign between 1955 and 1969,
malaria disappeared from the former Soviet Union, southern Europe, the
United States, all but one of the Caribbean islands, and Taiwan (China). It was
effectively suppressed in several subtropical and tropical regions in southern
Africa, Latin America, parts of Asia, and the Middle East. Tropical Africa was,
however, excluded from the eradication campaign, and it and New Guinea
are the only regions in which the malaria burden persisted at high intensity
throughout the twentieth century.

In the past three decades, malaria has, however, encroached upon areas
where it had formerly been eradicated or had successfully been controlled
(Baird 2000), offsetting the gains attained in the lacter half of the past cen-
tury. Increasing parasite resistance to commonly used antimalarial medicines
is one of the most significant challenges facing malaria control efforts in most
endemic countries (Teklehaimanot 1986; Wolfe and others 1985). Chloroquine
resistance is widespread where falciparum malaria is endemic, except in Central
America and the Caribbean (Wongsrichanalai and others 2002). Sulfadoxine-
pyrimethamine (SP) resistance has been reported in large parts of Southeast
Asia, southern China, the Amazon basin, western Oceania, the Pacific coast,
and parts of Africa (Guerin and others 2002; Sibley and others 2001). The
increasing risk of severe disease and death due to resistance threatens primarily
the high-risk populations in malaria-stricken areas, particularly young children
(Trape and others 1998).! Parasite resistance to commonly used antimalarial
medicines has been suggested to be the main cause of marked increases in






malaria mortality rates in eastern and southern Africa from 1982 to 1989 and
from 1990 to 1998 (Korenromp and others 2003).

The epidemiologic variability of malaria has important consequences for
public health in general, and for malaria control efforts in particular. Environ-
mental changes, socioeconomic factors, and political circumstances have led
to a complex distribution of the disease across the globe, rendering malaria’s
containment intractable within the limits of currently available financial and

technical resources.

Health burden

Assessment of the true scale of the disease burden is fraught with formidable
challenges due to insufficient surveillance, underreporting, and problems in
attributing “a cause” of death in people who die at home without reaching a
health facility and often suffer from diarrhea and respiratory disease as well
as fever. Malaria, however, is estimated to cause 300-500 million episodes of
acute illness and 1.1-2.7 million deaths worldwide every year (WHO 2000c¢).
Tropical Africa, where the disease transmission is most favored by a set of
epidemiological, ecological, and socioeconomic factors, carries more than 90
percent of the global malaria burden. In Africa, resistance to chloroquine by
P. falciparum was first detected in Tanzania (Campbell and others 1979) and
spread rapidly to eastern, central, and southern parts of the continent (Nguyen-
Dinh 1985; Teklehaimanot 1986; Wolfe and others 1985). With an increasing
level of multimedicine resistance, the Indian subcontinent and Southeast Asia
bear most of the remaining burden (WHO 2004d) (map 2.2). Released in
December 2003, the African Malaria Report indicated that “current malaria
control efforts are acting against a background of increasing malaria burden”
(WHO and UNICEF 2003).

Lacking acquired immunity to the disease, young children bear the brunt
of malaria mortality, which accounts for at least 20 percent of overall childhood
deaths in Africa south of the Sahara (WHO and UNICEF, 2003). Without
effective interventions, the number of febrile episodes in children under five
years of age is estimated to double over the next two decades (Breman 2001).
Poor nutritional status as a risk factor has been associated with increased
malaria morbidity and mortality, particularly in young children (Shankar
2000). Besides children, pregnant women with suppressed immune systems,
particularly those in their first pregnancy in highly endemic areas, are at great
risk of acute malaria infections with a range of clinical outcomes, from anemia
to severe complications such as cerebral malaria (Menendez 1995). Malaria
infection during pregnancy exacts a toll on the infants as well, as it has been
associated with low birthweight, affecting the survival and development of
newborns, especially in Africa (Murphy and Breman 2001).

Several studies have shown that people living in poorly constructed houses

in endemic areas experience more vector contact and are at greater risk of






malaria infection than those living in well constructed houses (Gamage-Mendis
and others 1991; Gunawardena and others 1998; Konradsen and others 2003;
Lindsay and others 2003). Overall, the quality of housing is connected mainly
with socioeconomic status of households. Therefore, once infected, inhabit
ants of poorly built houses are most likely to suffer from malaria because of
their limited capacity to use preventive and treatment services and commodi-
ties. In rural Tanzania, mortality in children less than five years old following
acute fever was reported to be 39 percent higher among the poorest as opposed
to the least poor (Barat and others 2004). People living in remote and pov-
erty-stricken rural areas in tropical Asia and the Americas need to migrate
frequently to sustain their livelihood, exposing them to malaria, yet they have
limited access to healthcare services (Singhanetra-Renard 1986). Lack of basic
education leads to inadequate healthcare-secking (Sharma and others 1993).
Distance from health services and opportunity costs of lost work time are also
potentially important nonfinancial factors for serious malaria complications in
the poor (Barat and others 2004).

Today, malaria is a major public health problem in urban settings, where
it is estimated to cause 3-9 million cases every year (WHO 2001b). Rapid
and unplanned urban growth in tropical areas creates suitable conditions for
malaria transmission, mainly at the periphery of towns and cities. People who
migrate from rural areas generally settle in poorly constructed houses in densely
populated and underdeveloped periurban areas and bring along their tradi-
tional rural practices (such as farming in small garden plots with small-scale
irrigation) that favor mosquito breeding. In India, one of the main vectors,
A. stephensi, has become highly adapted to artificial breeding places found in
urban environments over the last decades, leading to increased urban malaria
problem (Sharma 1999). Entomological surveys carried out in Kenya found
that recent land use changes and, in particular, recent urbanization and con-
struction activities were positively associated with anopheline breeding activity
(Jacob and others 2003; Khaemba, Mutani, and Bett 1994).

Engineering and development projects such as the construction of dams,
roads, and industrial centers may increase the number of mosquito breeding
habitats and lead to disease propagation in malaria-prone areas (Patz and
others 2000). On the other hand, human interference may sometimes reduce
malaria transmission by making ecological niches unsuitable for local vectors.
For instance, organic pollution of most surface water in urbanized areas makes
it unsuitable for Anopheles larvae but highly suitable for Culex mosquitoes,
and deforestation in Thailand led to the cessation of malaria transmission in
certain regions (Oaks and others 1991).

Another concern is the incursion of nonimmune people into forests
and jungles for agriculture, road construction, timbering, and gem mining
where malaria vectors are abundant (Ndjera, Liese, and Hammer 1992). For

instance, the Amazon Basin Settlement Project drew nonimmune people into



the region for mining activities, resulting in a proliferation of the malaria
vector in artificial habitats and consequent malaria epidemics (Marques
1987; Molyneux 1998). In Africa, major resettlement programs that involve
the movement of largely nonimmune highland populations into high-trans-
mission lowland areas constitute a major problem. In Ethiopia, for example,
resettlement programs in the Gambella region have been associated with a
dramatic rise in malaria incidence over the past 15 years. The deleterious
effects of large population movements on malaria incidence are often exacer-
bated by land-use changes associated with resettlement itself (Nigatu, Abebe,
and Dejene 1992; Woube 1997).

Summary of temporal trends in the malaria burden

Historically, malaria plagued tropical and temperate regions of the world. Until
the mid-nineteenth century, malaria occurred as far north as Maine and Ver-
mont in the United States, even spilling over to Canada. Disappearance of the
disease from vast regions in North America and central Europe has been pri-
marily attributed to land reclamation efforts for agriculture, increased animal
husbandry, improvements in housing, and the other effects of economic devel-
opment (Bruce-Chwatt 1988).

In the beginning of the twentieth century, malaria was a major health
problem in southern Europe, Latin America, the western Pacific, the Carib-
bean, much of Asia, and the Middle East. The global malaria picture was
altered considerably during the Global Eradication Campaign between 1955
and 1969. With the exception of the former Soviet Union, southern Europe,
North America, and some islands, the goal of malaria eradication set forch
in the last century was never realized (Litsios 1996). However, unprece-
dented reductions in the prevalence of malaria were achieved in northern and
southern Africa, the Middle East, South and East Asia, and Latin America
(Roberts, Manguin, and Mouchet 2000). Despite the vast scale of the malaria
problem on the African continent, tropical African countries were only par-
tially involved in the global eradication program (Greenwood and Muta-
bingwa 2002).

In the decades following the global eradication period, political commit-
ment and resources allocated for malaria control and research have dwindled,
and malaria has become a disease of the poor nations situated mainly in trop-
ical areas (Shiffman, Beer, and Wu 2002). Moreover, during the 1970s and
1980s, national health systems underwent substantial reforms in many devel-
oping countries, moving from a strategy based on vertically organized disease-
specific programs to one based on the delivery of integrated health services.
“Primary health care” was adopted as a key concept around which health sys-
tems were organized (Mayhew 1996). In many countries, these developments
resulted in a series of decentralized healthcare systems that diluted the force of

disease-specific programs in most countries.



Main factors affecting malaria trends

Despite the general degradation of malaria control programs during the 1990s,
a number of endemic countries outside of Africa have made notable progress
in malaria control (for example, China, Thailand, Vanuatu, and Viet Nam;
Sharma 2002). However, rising rates of multimedicine resistance in P. fal-
ciparum and the emergence of chloroquine resistance in P. vivax are posing
formidable challenges for malaria control efforts in Asia, especially in the
southeastern parts of the continent (Pukrittayakamee and others 2004). The
Mekong region has been identified as the global epicenter of multimedicine
resistant malaria (Schapira 2002).

Other important challenges to malaria control come from population
movements associated with economic development and civil conflicts. The gold
and gem mining and logging in South America (as in the Amazon basin) and
Southeast Asia (as in Myanmar, Thailand, and Sri Lanka) have been impor-
tant in intensifying malaria transmission in forested areas by exposing nonim-
mune populations to the pathogen (Sharma 2002). In a number of countries
(such as Afghanistan, Ethiopia, the Democratic Republic of Congo, Sudan,
and Tajikistan), the malaria situation has become exacerbated due to social
and political instabilities deriving from large-scale population movements and
inadequate health services.

Lack of adequate health delivery systems to effectively deliver antimalarial
medicines and other interventions and human and technical resource con-
straints lie at the heart of the malaria problem (Teklehaimanot and Bosman
1999). Because of their marginalized position in the world economy and the
extent of the malaria problem, African countries are particularly vulnerable to
any failure on part of the international donor community to supply effective
antimalarials and other essential supplies and commodities for malaria control.

Economic and social burden

The disease burden imposed by malaria carries with it a corresponding eco-
nomic burden. Several studies have been undertaken to estimate the economic
impact of malaria by focusing on direct prevention and treatment costs borne
by households and the public health sector. Some studies have also consid-
ered income losses due to malaria morbidity as indirect costs of the disease.
In rural communities, especially in Africa, the economy is heavily dependent
on agriculture, and the malaria transmission season generally coincides with
that of planting or harvesting, leading to reduced agricultural productivity and
output (Girardin and others 2004). Anecdotal evidence suggests that families
living in disease-stricken areas, including those with a high burden of malaria,
favor less labor-demanding crops over higher value crops such as maize and rice
(Hoek 2004). Many subsistence farmers in Africa shoulder the heaviest burden
of malaria because their margin of survival is so fragile. A brief period of illness
that delays planting or coincides with the harvest may produce catastrophic



economic effects. This problem becomes exacerbated when antimalarial medi-
cines and insecticide-treated bednets must be purchased out of the farming
household’s meager cash reserves (Ettling and others 1994). A recent study
found that 58 percent of the malaria cases occurred in the poorest 20 percent
of the world’s population (Gwatkin and Guillot 1999). Investments in malaria
control should aim at improving the quality of life in the poorest populations,
who coexist with this disease.

Malaria endemicity has recently been recognized as a development issue
with a key influence on poverty reduction. This infection has been estimated
to slow economic growth in African countries by about 1.3 percent per year
(Gallup and Sachs 2001). This disease incapacitates the workforce, leading to
decreased economic productivity and output in various sectors of the economy
(Shepard and others 1991; Sinton 1936, 1935). Malaria suppresses economic
links between tropical countries and the more temperate regions of the world
that are generally nonmalarious (Sachs and Malaney 2002).

In today’s global economy, such isolation carries profoundly negative
effects. Investors from nonmalarious regions tend to shun malarious regions
for fear that their employees will contract this disease. Mortality among
highly skilled professionals strongly discourages economic investment in
malaria-endemic sites. Investments in many kinds of production—in mining,
agriculture, and manufacturing—can be crippled if the labor force faces a
heavy disease burden, or if the presence of malaria raises the cost of attracting
needed labor. During the colonial period between 1900 and 1950, malaria
control was frequently decisive in attracting the labor force that was essen-
tial for extracting minerals in Zambia (formerly Northern Rhodesia) (Utz-
inger and others 2002; Utzinger, Tozan, and Singer 2001) and for developing
rubber and tea plantations in Malaysia (formerly the Malay States) (Watson
1921). Rubber plantations in Southeast Asia still depend on effective malaria
control. During the past several decades, international trade and finance have
become critical for economic development. Malaria-induced adverse effects
on trade and investment are likely to be of tremendous macroeconomic
importance, slowing economic growth and further widening the gap between
malaria-endemic countries and the rest of the world.

In 2004, the Copenhagen Consensus expert panel, comprising top-level
economists, ranked malaria control among the four greatest global challenges,
along with control of HIV/AIDS, providing micronutrients, and trade liber-
alization (Copenhagen Consensus 2004). Based on macroeconomic models,
the analysis presented to the expert panel estimated that the annualized net
benefits of reducing the malaria burden by 50 percent between 2002 and 2015
would be between $3 billion and $10 billion with a benefit-cost ratio ranging
from 1.9 to 4.7 (Mills and Shillcutt 2004a, 2004b). Based on the available cost-
effectiveness data from tropical Africa, the total annualized cost of a package
of malaria interventions (including scaling up of insecticide-treated bednets



and treatment coverage, introducing intermittent preventive treatment with
SP in pregnancy, and switching first-line treatment to ACTs for 346 million
people, was estimated at $824 million (Mills and Shillcutt 2004b).



Over the past 50 years, the major concepts and strategies underlying global
malaria control efforts have undergone a series of changes. The principal ini-
tiatives and institutional policies of malaria control in the modern era are
summarized below and provide the framework within which the main recom-
mendations of the Working Group on Malaria were developed.

Global Malaria Eradication Program

The availability of dichlorodiphenyltrichloroethane (DDT) and the profound
effect of indoor residual spraying on malaria transmission encouraged the
world to attempt to eradicate the disease globally. The Global Malaria Eradi-
cation Program began during the 1950s and ended in the following decade.
Due to the perceived intractability of malaria in tropical Africa and concerns
of sustainability, the Global Program largely bypassed this continent where
the malaria burden was greatest. During the next several decades, the malaria
problem, particularly in Africa, attracted lictle interest. Scant resources were
allocated by the international donor community to disease control efforts,
leading to poorly coordinated and fragmented intervention programs in malar-

ious areas.

Global Malaria Control Strategy

Malaria has been a subject of intense discussion at the annual meetings of the
World Health Assembly over the last decade. The 1990 meeting of the Assembly
attributed the global resurgence of malaria to rapidly increasing antimalarial
medicine resistance, the lack of a clear control strategy, and an acute shortage
of financial resources. The Assembly recommended that an appropriate dis-
ease control strategy be developed and that a coordinated effort for mobilizing
resources be undertaken to intensify disease control efforts. The Amsterdam



Ministerial Conference on Malaria of 1992 adopted a global malaria control
strategy that was endorsed by the UN General Assembly in 1993. The four
basic technical elements of the Global Malaria Control Strategy were as follows
(WHO 1993):

® Provision of early diagnosis and prompt treatment.

® Selective and sustainable use of preventive measures, including vector

control.

® Prevention, early detection, and containment of epidemics.

¢ Strengthening local capacities in basic and applied research.

This strategy recognized that the epidemiology of malaria is exceedingly
complex and that local variation in the ecological, social, and operational
aspects of the disease should be considered for developing appropriate strat-
egies. This strategy was well received by the international community and
malaria-endemic countries, and great expectations were generated for mean-
ingful engagement in malaria control efforts. Despite this initial enthusiasm,
the donor community failed to mobilize the resources necessary for under-
taking nationwide control efforts.

Harare Declaration on Malaria Prevention and Control

At a Summit meeting in 1997, the heads of state of the Organization of African
Unity took particular note of the deteriorating malaria situation in Africa and
unanimously passed a Declaration on Malaria Prevention and Control that was
designed to promote African economic recovery and development. The Summit
approved a comprehensive intervention plan for malaria and called upon all
member states to take immediate and substantive action. UN agencies, the
World Bank, various governments, and bilateral and multilateral agencies were
urged to participate actively in the effort and mobilize additional resources to
meet the challenge of malaria on the African continent. This potentially pow-
erful commitment has also faltered due to lack of international support.

Multilateral Initiative on Malaria

In 1997, key scientific and donor agencies convened in Dakar, Senegal, to
discuss collaborative efforts to address pressing health problems in Africa.
Malaria was selected as the initial focus of this effort. Subsequently, the Mul-
tilateral Initiative on Malaria (MIM) was created with the aim of maximizing
the impact of scientific research on malaria in Africa. The primary goal of
MIM is to address several important areas of need in malaria control (MIM
2001). First, it was recognized that the investment in malaria research was low
relative to the burden of disease and that existing control tools were not being
effectively utilized. Second, malaria was recognized as a problem that required
short-, medium- and long-term research priorities in order to be contained
effectively. Third, in view of the existing inequality between knowledge of the
disease—its pathology and etiology—and its reduction in endemic countries,



MIM highlighted the importance of strengthening research capacity in Africa.
This aim was to be accomplished through collaboration and communication
between scientists in Europe and United States and those in the endemic coun-
tries of Africa. The combination of these efforts has culminated in several
effective partnerships between scientists from developed countries and their
African counterparts.

Roll Back Malaria initiative

The Roll Back Malaria (RBM) initiative was conceived by WHO in 1998
in response to a call by ministers of health in malaria-endemic countries to
reduce the malaria burden worldwide, with a special focus on Africa (WHO
1998). Subsequently, the global RBM partnership was formed under the aus-
pices of the WHO, comprising the United Nations Development Programme,
the United Nations Children’s Fund, and the World Bank, with the specific
goal of halving the burden of malaria by 2010. RBM adopted the malaria
control strategies that were accepted by the international community in the
Amsterdam Ministerial Conference of 1992, focusing on principles of coordi-
nated action and partnership.

The RBM initiative has achieved notable consensus among its partners
on malaria control. It has been instrumental in developing and formulating
country-led partnerships that include UN agencies, bilateral donors, various
government sectors, civil society organizations, NGOs, the private sector, uni-
versities, and research institutions. A number of malaria-endemic countries
have put together evidence-based strategic plans for implementation that are
based on an analysis of their local ecological and epidemiological conditions in
order to address the burden of the disease within the context of health sector
development. Despite the recognition and acceptance of the RBM goals, tar-
gets, and strategy, the RBM initiative—apart from the initial grant it received
from the government of the United Kingdom—has been unable to mobilize
resources to launch countrywide implementation efforts (WHO 2002) and
has made no impact on the malaria problem, particularly in Africa.

Abuja Declaration on Roll Back Malaria

The African Summit on the Roll Back Malaria initiative, held in Abuja,
Nigeria, in April 2000, reflected a strong convergence of political commit-
ment to malaria control and a consensus on the technical strategies for the
prevention and control of malaria. The heightened level of political will was
facilitated by the presence of high-level officials from African countries as well
as various bilateral and multilateral agencies, and resulted in the ratification
of an action-oriented declaration. The African Summit endorsed the RBM
initiative and set operational targets and milestones for the RBM objectives. A
commitment was given to provide access to effective and affordable treatment
within eight hours of the onset of symptoms for at least 60 percent of those



suffering from malaria. In the area of prevention, a target was set to achieve
at least 60 percent coverage of those at risk of malaria, particularly pregnant
women and children, with personal and community protective measures such
as insecticide-treated nets. Another preventive target set forth was to provide
access to intermittent presumptive treatment for at least 60 percent of preg-
nant women who are at risk of malaria. In high-transmission areas, this target
focuses on women who are in their first pregnancies, as they are at great risk of
developing severe malaria.

Many of the major international donors that participated in the Summit,
including the World Bank and the African Development Bank, pledged
increased commitment and resources. The World Bank alone committed $500
million for controlling malaria (Yamey 2001). However, this pledge was not
translated into action as the indicated grant funds were not provided to cither
RBM or endemic countries.

Since the Abuja summit, many African governments have demonstrated
their commitment to antimalarial intervention efforts by allocating greater
human and financial resources and removing taxes and tariffs on mosquito
nets. No pledges, however, have yet materialized that would enable RBM to
support endemic countries in implementing an integrated package of interven-

tions on national scales.

Medicines for Malaria Venture

Headquartered in Geneva, the Medicines for Malaria Venture (MMV) was
established as a nonprofit foundation in 1999. It developed in response to
discussions between WHO (primarily through WHO’s Special Program on
Research and Training for Tropical Diseases), RBM, the representative body
for the pharmaceutical industry, and the International Federation of Pharma-
ceutical Manufacturers Association. MMV uses the public-private partnership
model, with funding from philanthropic organizations, to facilitate discovery,
development, and delivery of new, affordable antimalarial medicines. Direct
financial support to the MMV was provided by the World Bank, RBM, and
others, while various corporate partners directed in-kind contributions for spe-
cific projects. Since its inception, the MMV has played a significant role in
streamlining research aimed at finding new antimalarial medicines by pro-
viding managerial and logistical support through active portfolio management.
MMV’s primary goal is to increase the success rate of potential antimalarial
therapies on an average of discovery and development of one medicine every
five years. As of June 2004, the MMV has a total of 21 projects, 11 in the dis-
covery phase and 10 in the development phase (MMV 2004).

Global Fund to fight AIDS, Tuberculosis, and Malaria
The Global Fund to fight AIDS, Tuberculosis, and Malaria (GFATM) was cre-
ated by UN Secretary-General Kofi Annan to support national efforts aimed at



reducing the burden of HIV/AIDS, tuberculosis, and malaria. Each of the G-8
countries has committed itself to support this action. The GFATM funding
process requires formal submission of a proposal by malaria-endemic coun-
tries and evaluation by a review panel that includes members who are expert
in one or another of these diseases. Although this concept has received gen-
eral support, criticism has been directed toward the mechanisms for reviewing
country proposals and the selection of panel members. Each panel member
should have experience in implementing and managing malaria control pro-
grams and should be given adequate time to review each country’s proposal
(Teklehaimanot and Snow 2002). No panel member, of course, should have a
conflict of interest.

With an approved budget of $3 billion for all three diseases over two years,
the GFATM has allocated and started disbursing a total of $921 million at
the end of four proposal rounds for 80 malaria-endemic countries (GFATM
2004a). The HIV/AIDS and tuberculosis allocations amount to $1.8 billion in
119 countries and $500 million in 80 countries respectively.

Although the GFATM provides a much-needed complement to existing
public health funding, its available funding budget is not sufficient for coun-
tries to launch comprehensive intervention packages at the national scale. Never-
theless, the GFATM has taken a more proactive role in facilitating a more rapid
transition to safe and effective antimalarial therapies, such as ACTs, where
resistance to existing medicines is a problem, and has committed to providing
funding for procuring and distributing these antimalarials (GFATM 2004b).
The input of the GFATM has thus made a significant difference by motivating
a number of malaria-endemic countries to update their national antimalarial
treatment policies and to scale up existing malaria control interventions. It is
critical that the international donor community provide financial support to
strengthen the GFATM and its funded initiatives.



A variety of integrated packages of locally relevant interventions can, in prin-
ciple, be implemented against malaria using available tools. The components
of such intervention strategies include:

® Disease prevention.

® Disease management.

¢ Epidemic prevention and control.

e Information, education, and control.

® Monitoring and evaluation.

The selection and implementation of interventions, as well as the nature of
program monitoring and evaluation depend to a large extent on the country, the
district, and the community in which the program is based. The essential fea-

tures of currently available malaria control interventions are reviewed below.

Disease prevention strategies

The force of malaria transmission can most effectively be reduced by curtailing
the capacity of local mosquito vectors to transmit infection between human
hosts (Spielman, Kitron, and Pollack 1993). There is an array of effective inter-
ventions that can affect important vector-related factors—such as vector abun-
dance, biting density, and vector longevity—that drive disease proliferation.
Interventions that are based on the use of insecticides will be less sustainable
than those that involve environmental change or housing modification. Key

disease-prevention measures that target the malaria vector are discussed below.

Insecticide-treated materials

Bednets, curtains, and other insecticide-treated materials provide both a chem-
ical and a physical barrier against malaria vector mosquitoes. These measures
are effective in Africa because the major vector mosquitoes bite late at night.



When there is a high level of coverage within a community, insecticide-
treated bednets protect the individuals sleeping under them and also reduce
local vector populations and proportions carrying the malaria parasite by
reducing mosquito longevity (Magesa and others 1991; Takken 2002). Both
effects are crucial and can most rapidly and economically be achieved if
insecticide-treated bednets are provided free of charge to all members of a
community, along with a well organized annual retreatment program (Curtis
and others 2003). The reductions achieved in malaria prevalence, anemia, and
mortality are estimated to persist for at least 3 to 6 years (Lindblade and others
2004; Maxwell and others 2002). The use of insecticide-treated bednets has
resulted in an average of six lives saved per year per 1,000 children and is
highly effective in both high- and low-transmission settings (Lengeler 1998;
Maxwell and others 2003).

Long-lasting insecticidal nets, which are made from polyethylene fiber
into which insecticide is embedded, may be used in place of insecticide-treated
bednets to eliminate the need for annual retreatment (N’Guessan and others
2003). Long-lasting insecticidal nets provide several years of protection before
retreatment becomes necessary (WHO 2003c). They are physically more
durable than ordinary insecticide-treated bednets, which must be replaced

every four years.

Indoor residual spraying
Applications of residual insecticide, especially DDT, to the inside surfaces of
house walls and on ceilings was the main method used to eliminate malaria
from southern Europe, the highlands of Madagascar, most of the former Soviet
Union, and Taiwan (China) in the 1940s and 1950s (Litsios 1996). DDT
application was also the primary activity of the massive antimalaria efforts
undertaken in the 1950s and 1960s in China, India, South Africa, Sri Lanka,
Zanzibar, in some parts of South America, and in several large field trials in
mainland tropical Africa (Gladwell 2002; Liang 1991; Litsios 1996; Trigg and
Kondrachine, 1998). The resumption of DDT spraying led to the resolution
of the disastrous Madagascan epidemic of the 1980s that killed tens of thou-
sands of people (Curtis 2002a). Many of these trials or operations produced
better results than more recent trials that have employed insecticide-treated
bednets (Curtis and Mnzava 2000). In Zanzibar and in some parts of western
Africa, DDT resistance in A. gambiae now precludes the effective use of this
insecticide. The chemical is still being used in large scale in Echiopia, India,
Madagascar, and South Africa. The decision by South Africa to revert to DDT
spraying in 2001 has relieved the increasing malaria problem associated with
pytethroid resistance in A. funestus (Hargreaves and others 2000).

The International Convention on Persistent Organic Pollutants con-
tains an amendment that specifically allows for continued use of DDT for
disease vector control (UNEP 2004). There are effective but more expensive



alternatives to DDT (such as pyrethroids) that can be sprayed where the local
vector populations are DDT resistant and are at the same time not cross-resis-
tant to the alternative insecticide. The use of carbamates in a rural and a peri-
urban spraying program has successfully reduced the number of malaria cases
in southern Mozambique during the first implementation year (Conteh and
others 2004). The use of indoor residual spraying against malaria is particu-
larly recommended in epidemic-prone areas and complex emergency settings
and, more generally, in low- and moderate-transmission areas. Availability
of well trained and properly equipped spray-men for deployment is critical
to the effective implementation of indoor residual spraying during malaria
epidemics.

Antilarval measures for source reduction

Because the breeding places of A. gambiae are numerous and transient in
many African villages, they are often difficult to eliminate. In towns, semi-
arid regions, and mining areas where breeding sites are few and the necessary
workforce can be mobilized, vector density and malaria prevalence may be
reduced through the implementation of antilarval measures. In Sri Lanka, the
application of an insect growth regulator to gem pits effectively reduced adult
vector populations, prevalence of infection, and case incidence (Yapabandara
and others 2001).

Large-scale rural-to-urban migration in many African cities has been
accompanied by a substantial and ongoing transformation of local ecosystems.
The process of urbanization simultaneously leads to source reduction or shifts
in the location and character of breeding sites within the changing boundaries
of the inner city. As city boundaries expand, breeding sites tend to proliferate
peripherally, particularly in new settlement areas. At the same time, human
activities associated with the creation of breeding sites, such as urban agri-
culture, may change in intensity and location as the city grows. For effective
control, specialized strategies including risk mapping must be integrated into
malaria control programs in urban areas. An example of a successful and inno-
vative approach to urban malaria control comes from Dar-es-Salaam, where
risk mapping of malaria breeding sites and the identification of locally relevant
source reduction techniques provided the basis for developing more effective
control strategies (Castro and others 2004).

Many malaria-endemic urban centers in Africa are surrounded by malar-
ious rural villages—a setting that renders it difficult to distinguish locally con-
tracted infections from those occurring in people who come to these urban
centers for treatment. Because the epidemiological factors shaping malaria
transmission in urban environments are not well understood, WHO has
recently commissioned a multicenter study of urban malaria transmission.
Where appropriate, source reduction measures may reasonably be employed in

urban areas to suppress transmission.



Source reduction by intermittent irrigation strategies has been effectively
used since the 1920s to control rice field malaria, primarily in Asia (Lu 1988;
Takken and others 1990). In a number of instances, these irrigation schemes
have reduced the vector populations and also changed nutrient cycling pat-
terns, increasing rice production to levels above that attained by conventional
irrigation (that is, continuous flooding) (Keiser and others 2002). The oppor-
tunity to expand the domain of intermittent irrigation together with the devel-
opment of new high-yield strains of rice is gradually being taken up by the
International Rice Research Institute (IRRI) and linked to malaria control via
the Systemwide Initiative on Malaria and Agriculture (SIMA) and the Inter-
national Water Management Institute (IWMI).

Malaria management in pregnancy

More than 50 million pregnancies—approximately 25 million of them in
Africa—are estimated to occur in malaria-affected areas every year (Steketee
and others 2001). Maternal malaria has important consequences for the
mother, the developing fetus, and the infant. In high-transmission areas,
maternal anemia is very common during pregnancy and may develop into
severe anemia in about 5-10 percent of pregnant women, increasing maternal
morbidity and the risk of mortality (Brabin and others 2004). Placental infec-
tion has been positively associated with low birthweight in newborns, the
single greatest risk factor for infant morbidity and mortality, due to intra-
uterine growth retardation and premature delivery (Brabin and others 2004).
In high-transmission areas, primigravidae women and their offspring are
most vulnerable to malaria infection and its adverse health consequences
(Menendez 1995). Moreover, the epidemiological evidence accumulated
in the past 15 years indicates that HIV-positive pregnant women living in
malaria-endemic areas experience higher frequency and higher density of
parasitemia, and co-infected women have more febrile illnesses, more anemia,
and more adverse birth outcomes than women infected with only malaria or
HIV (Steketee and others 2001; Ter Kuile and others 2004). Moreover, the
efficacy of antimalarials was reported to be compromised in areas with high
HIV seroprevalence, requiring higher doses of SP to sufficiently clear infec-
tions (Parise and others 1998).

The administration of intermittent preventive treatment with SP has proven
to be an effective and safe intervention and is highly recommended in high-
transmission areas as part of routine antenatal care, particularly during first
and second pregnancies (WHO 2004c). However, few pregnant women cur-
rently benefit from this preventive intervention. Attendance rates in antenatal
clinics, especially in Sub-Saharan Africa, are low mainly due to houschold
poverty, poor access to healthcare services, and low quality of care (Molyneux
and Nantulya 2004; Nosten and others 2004). Since the 1990s, maternal mor-
tality rates have increased in Africa because of the HIV/AIDS pandemic and



the parasite resistance to antimalarials (Nosten and others 2004). The chal-
lenge, therefore, is to strengthen antenatal care services to ensure integrated
service delivery for appropriate management of both infections. An effective
alternative to SP is also required. The efficacy of this antimalarial medicine has
reduced significantly because of resistance throughout much of Africa. Free
provision of intermittent preventive treatment and insecticide-treated bed-
nets through antenatal care services or other avenues is expected to reduce the
burden of malaria in this vulnerable group.

In areas of unstable transmission, adults have relatively little acquired
immunity and become symptomatic when infected with P. falciparum.
Untreated, the infection in pregnant women may cause severe clinical illness.
Severe and cerebral malaria during pregnancy is frequent in low-transmis-
sion areas (Menendez 1995). Poor pregnancy outcomes such as miscarriage,
premature delivery, and stillbirth have been reported frequently as a conse-
quence of acute malaria illness during epidemics and in nonimmune pregnant
women (Menendez 1995). In such settings, case management of malaria ill-
ness and anemia is a priority, along with the use of insecticide-treated bednets
for malaria prevention. The administration of intermittent preventive treat-
ment with antimalarials in areas with seasonal and unstable transmission is

not recommended.

Disease management strategies

National malaria control strategies rely primarily on effective case management
within the primary healthcare system, especially in Africa, while atctempting
the large-scale deployment of other interventions such as insecticide-treated
bednets and indoor residual spraying. The greatest weakness of this approach
is that many malaria-affected populations have low access to diagnostic and
treatment services at the onset of their illness; this is especially the case in rural
parts of tropical Africa. Furthermore, the quality of curative services (such as
shortage of antimalarial medicines and long waiting times) provided by public
and private providers often fails to meet the population’s health needs. As a
result, malaria-affected communities generally resort to self-treatment with
inappropriate and poor-quality medicines. In many cases, medicines used
for self-treatment are obtained through the unregulated private and informal
sectors and are often fake preparations that lack any antimalarial ingredients
(Amin and others 2003; Deming and others 1989; Deressam, Ali, and Enqu-
sellassie 2003; Mwenesi, Harpham, and Snow 1995; Ruebush and others 1995;
Williams and Jones 2004). Therefore, particular attention must be directed
toward increasing access to diagnostic and treatment services, ensuring the
supply of antimalarial medicines, and improving the quality of treatment prac-
tices at all levels of the healthcare system. A sustained commitment to health
systems development is critical for improving case management in malaria-

endemic countries.



The results of a number of surveys indicate that childhood malaria is con-
fronted first at home (Comoro and others 2003; Diallo, De Serres, and Beavogui
2001; Kofoed and others 2004; McCombie 1996). There is a pressing need to
promote community-based interventions that will improve local knowledge,
health-seeking behavior, and malaria treatment and compliance practices out-
side the formal healthcare system. Increased emphasis must also be placed on
strengthening the healthcare system by expanding service delivery through
supporting health extension services. This support should include staff super-

vision, technical assistance, management, monitoring, and evaluation.

Malaria diagnosis

Effective treatment of malaria cases relies on prompt and accurate diagnosis.
The microscopic examination of stained thick and thin blood smears has been
the gold standard for diagnosing malaria (Makler, Palmer, and Ager 1998).
The cost of material is modest ($0.12—$0.40 per slide), and this method has
a high specificity and sensitivity in detecting and identifying malaria para-
sites. Microscopic examination, however, requires a laboratory setting with
electricity, microscopes, and well trained health personnel and about an hour
of processing time from blood collection to reporting of results. Most health
facilities, especially at the peripheral levels of the health system, cannot meet
these requirements. As a result, in resource-poor settings, malaria diagnosis is
often based on clinical signs and symptoms.

In the absence of microscopic facilities, particularly in high-transmission
areas, all fever episodes are diagnosed as clinical malaria and treated pre-
sumptively, especially to reduce mortality in children. The clinical features of
malaria, however, are notoriously nonspecific and overlap with those of other
common childhood diseases. Therefore, such practice often results in over-
treatment with antimalarials and increases operational costs. For instance, a
recent study indicated that treatment based on clinical diagnosis would have
resulted in unnecessary use of antimalarials in approximately 30 percent of
children in a holo-endemic area in Tanzania (Tarimo, Minjas, and Bygbjerg
2001). Analysis of data obtained from demographic and health surveys (DHS)
and multiple indicator cluster surveys (MICS) from several countries in Africa
present similar evidence of a large overuse of antimalarials by children under
five years of age based on the presumptive treatment of all fevers (Snow, Eckert,
and Teklehaimanot 2003).

Due to increasing parasite resistance, WHO currently recommends a
number of combination therapies (see the section on effective and available
antimalarials) that are less affordable than commonly used monotherapies,
and encourages a rapid change in malaria treatment policies in countries where
chloroquine and SP are failing. Confirmed diagnosis has therefore become
more important today than ever before; routine use of diagnostic tools may
reduce the cost of case management to governments and self-medicating



patient populations, especially in Africa. Nonetheless, the risks associated with
making a parasitological diagnosis mandatory in highly endemic areas (such as
delays in treatment and a higher child morbidity and mortality) must be care-
fully weighed against the possible benefits (such as cost savings on combina-
tion therapies and work-hours). On the other hand, when malaria transmission
is less intense (such as in the highlands and semiarid fringes of Africa and in
much of Asia and the Americas), people have little functional immunity to
malaria and the presence of malaria parasites is almost always associated with
the disease. In such situations, a confirmatory diagnosis of malaria is impor-
tant prior to antimalarial treatment.

During the past decade, a variety of simple and rapid diagnostic tests
have been developed for accurate and reliable malaria diagnosis in settings
that lack laboratory facilities, particularly in rural communities. These diag-
nostic tests—the most user-friendly format is known as a dipstick—detect
major antigens derived from malaria parasites using immunochromatographic
assays and yield results in 5 to 15 minutes (Wongsrichanalai 2001). The most
commonly targeted antigens are the histidine-rich protein 2! (HRP2) and the
parasite lactate-dehydrogenase’ (pLDH) (Moody 2002). Several commercial
test kits are available today.

Although rapid diagnostic tests are reported to be practical for field use,
recently published reviews highlighted the need for improving test sensitivity
and specificity, as considerable variations were reported within and across com-
mercial test kits (Makler, Palmer, and Ager 1998; Murray and others 2003;
Wongsrichanalai 2001). The sensitivity of recently reviewed rapid diagnostic
tests for the detection of P. falciparum compared with conventional micros-
copy range from 35 percent to 97 percent with specificities of 77 percent to
100 percent, whereas for the detection of P. vivax the range is from 2 percent
to 97 percent with specificities of 97 percent to 100 percent. More specifically,
the sensitivity of rapid diagnostic tests at low levels of parasitemia and for non-
immune populations remains a problem. Additional concerns in the develop-
ment of rapid diagnostic tests include false positivity due to persistent HRP2
antigenemia after parasite clearance and false negativity due to antigen excess
at high parasite densities and deletion of HRP2 gene (Moody 2002).

In addition to these technical limitations, a number of feasibility-related
issues limit the use of rapid diagnostic tests in malaria endemic areas. The cur-
rent cost of rapid diagnostic tests ($2—$4 per test) is relatively high compared
with the cost of treatment with ACTs (Wongsrichanalai 2001). Commercial
test kits currently on the market are not sufficiently robust under routine field
conditions (Makler, Palmer, and Ager 1998). Relative sensitivities of rapid
diagnostic tests are likely to be influenced by conditions of storage and use.

In high-transmission settings, virtually all residents are parasitemic whether
or not they are symptomatic. As a result, parasitemic patients may frequently
be “sick with malaria” rather than “sick due to malaria.” Detection of parasites



in the blood without concomitant presence of signs and symptoms of malaria
illness may therefore be of limited value in the rational use of antimalarial
medicines. Under such circumstances, the use of rapid diagnostic tests is not
justified, especially in younger groups in whom malaria accounts for a high
proportion of fever episodes. Decision to treat should be best left to clinical
judgment, given the risk to life of a false negative result by microscopy or rapid
diagnostic tests.

At present, the role of rapid diagnostic tests as a diagnostic tool in the man-
agement of malaria is limited. These tests should be used as a complement to
microscopy. However, rapid diagnostic tests have a recognized, cost-effective
role in patient management in areas with unstable malaria transmission where
malaria accounts for only a proportion of fevers, and also during malaria epi-
demics, complex emergencies, and epidemiological surveys. Further research
and development is necessary to overcome aforementioned technical and fea-
sibility limitations and enhance the performance of rapid diagnostic tests for
reliable diagnosis in different transmission settings.

Effective and available antimalarials

Chloroquine has generally lost its effectiveness in most regions of the world
where P. falciparum malaria is prevalent (Wongsrichanalai and others 2002).
It is important to note that chloroquine-resistant P. vivax is now emerging
in Myanmar, Guyana, India, Indonesia, and Papua New Guinea (Garg and
others 1995; Kyaw and others 1993; Murphy and others 1993; Phillips, Key-
stone, and Kain 1996; Pukrittayakamee and others 2004; Rieckmann, Davis,
and Hutton 1989). Following its widespread introduction as an alternative to
chloroquine, SP lost its clinical efficacy in many parts of the world within
about five years of its introduction. The loss of clinical efficacy of SP was par-
ticularly rapid in East Africa, South America, and Southeast Asia (Sibley and
others 2001). In the late 1980s and 1990s, high-level mefloquine resistance
rendered most of Southeast Asia and some focal points in the Amazon Basin
multimedicine-resistant (Guerin and others 2002).

Failure of our most useful medicines presents a major challenge in malaria
control efforts today. Combination therapy, a standard therapeutic practice
in other diseases such as tuberculosis, HIV/AIDS, and cancer, is considered
the way forward in malaria therapy in spite of its increased costs. Field trials
recently showed that ACTs provided effective treatment and markedly reduced
resistance development in administered antimalarial medicines (Nosten and
Brasseur 2002; Wilairatana and others 2002).

At present, WHO recommends five combination therapies for deployment,
depending on their efficacy in different geographical areas (box 4.1) (WHO
2001a). Artemether and lumefantrine have been co-formulated into a fixed-
dose tablet named Coartem®. To date, no resistance has been reported against
cither component. The rest of the combination therapies are composed of



Box 4.1

WHO-
recommended
combination
therapies

Source: WHO 2001a.

e Artemether/lumefantrine
e Artesunate + amodiaquine
e Artesunate + SP

e Artesunate + mefloquine

e Amodiaquine + SP

independently acting antimalarial components that should be co-administered
to malaria patients. These combination therapies are suggested for the treatment
of malaria in areas where all components remain effective. Artesunate (another
artisiminin derivative) combined with mefloquine is currently recommended
for treatment only in low- to moderate-transmission areas. The fifth and last
option, amodiaquine plus SP, is a nonartemisinin therapy that may be deployed
in West Africa where efficacy of both antimalarials remains high.

During the past three years, 39 endemic countries have updated their treat-
ment policies and have adopted one of these five combination therapies (RBM
2004). In Africa, Benin, Burundi, Cameroon, Comores, Ethiopia, Equatorial
Guinea, Gabon, Ghana Kenya, Sao Tomé and Principé, South Africa, Tanzania,
Uganda, and Zambia have adopted ACTs. Mozambique, Rwanda, and Senegal
have switched to amodiaquine plus SP. Implementation within the public health
sector, however, remains weak. In Africa only 5 countries, and outside Africa
only 10, are deploying these antimalarial medicines (as of mid-2004). In the
interim, a number of countries are attempting to buy time by using a nonfixed
combination of existing medicines such as chloroquine plus SP or amodiaquine
plus SP. The decision to continue with these medicines in the face of reduced
treatment efficacy is largely because of financial constrains.

With the introduction of combination therapies, a two-pronged case man-
agement strategy has been proposed based on microscopic diagnosis at the
more central levels of the healthcare system (such as district hospitals) and
rapid diagnostic tests in remote communities or highly mobile populations
at peripheral health posts. Rapid diagnostic tests are expected to increase the
performance and work quality of community health workers, particularly in
areas of unstable transmission. In high-transmission areas, the use of rapid
diagnostic tests can be effective, provided they complement clinical diagnosis
to target treatment to those who are clinically ill.

Malaria management at home

Health service coverage in many African countries is inadequate, and rural
populations generally lack access to basic healthcare services. In addition,
the delivery of medicine and other essential commodities, particularly to

rural communities, is not always reliable. Service agencies often run out of



essential medicines such as antimalarials. These factors, coupled with prob-
lems of accessibility and affordability, pose major obstacles and disincentives
to use healthcare services in rural populations. Rural populations often resort
to self-medication with antimalarial medicines obtained from the unregulated
informal sector or traditional healers. The delivery of prepackaged antimalarial
medicines would facilitate their use at the household and community level and
may improve compliance.

An RBM survey, undertaken as part of a situation analysis in several African
countries, indicated that between 70 percent and 90 percent of febrile children
are treated at home. Therefore, there is an urgent need to address the issue
of treatment for uncomplicated malaria at the community level. A number of
endemic countries are seeking to improve their healthcare coverage by extending
health services beyond the formal health service infrastructure through the use
of networks of village health workers. Communities often readily accept this
approach because mothers and caregivers can obtain prompt access to effective
medicines and counseling within the local community. These community-based
strategies have been shown to reduce severe morbidity and under-five mortality
in malaria endemic areas (Chahnazarian and others 1993; Ghebreyesus and
others 1996; Kidane and Morrow 2000; Pagnoni and others 1997).

If the targets set at the Abuja summit are to be realized, particular atten-
tion must be paid to the large-scale introduction of innovative strategies, such
as the deployment of community health workers for malaria diagnosis and
treatment services. Effective case management through community-based ini-
tiatives must be supported by a well functioning healthcare system that pro-
vides technical support and guidance in handling referred cases.

Epidemic prevention and control strategies
Malaria epidemics are characterized by a sudden and large increase in malaria
infections and are often associated with high case fatality rates in the com-
munity. There are several factors that support the development of epidemics.
The introduction of the disease into previously malaria-free areas, migration
and displacement of nonimmune people into malaria endemic regions, or an
unusual increase in vector abundance caused by climate anomalies may trigger
explosive epidemics (Worrall, Rietveld, and Delacollette 2004). In Africa,
most malaria epidemics are climate driven and frequently occur in semiarid
and highland areas of the eastern and southern parts of the continent, where
malaria transmission is unstable (that is, seasonal), and people have little or
no immunity against the disease (Kiszewski and Teklehaimanot 2004). Such
climate-driven epidemics generally occur in two- to seven-year cycles, following
the periodicity of abnormal meteorological conditions (Worrall, Rietveld, and
Delacollette 2004).

Although the health burden of epidemic malaria has not been adequately
documented, it is known to be very large, particularly in Africa (map 4.1). In



Map 4.1

Malaria epidemics
between 1997 and
2002 added to a heavy
health burden in Africa

Source: World Health Organization.

[] Epidemic-prone countries Documented epidemic within past five years

unstable transmission areas, case fatality rates can be up to 10 times higher
during outbreaks than in nonepidemic conditions (Kiszewski and Tekle-
haimanot 2004). Some 110 million people in Africa coexist with epidemic
malaria (WHO and UNICEF 2003). Although epidemics may occur in iso-
lated pockets, they may at times be widespread and catastrophic. For example,
the malaria epidemic that occurred in Ethiopia in 1958 caused an estimated
3 million clinical cases, resulting in some 150,000 deaths (Fontaine, Najjar,
and Prince 1961). A number of factors may exacerbate the deleterious effects of



malaria epidemics. Specifically, fragile health systems in many African coun-
tries become overwhelmed during malaria epidemics, when both inpatient and
outpatient capacities are surpassed. Under such conditions, the provision of
routine health services and record keeping diminishes, creating ripple effects
in the health systems that extend beyond the epidemic period (Kiszewski and
Teklehaimanot 2004).

In addition to the direct health burden, epidemic malaria results in heavy
economic losses, at both household and community levels, due to lost produc-
tivity. In many rural communities of Africa, epidemics strike during planting
and harvesting seasons when the demand for labor is greatest (Kiszewski
and Teklehaimanot 2004). Economic activities are also likely to be adversely
affected by epidemics or the threat of epidemics (Worrall, Rietveld, and Dela-
collette 2004).

Intervention strategies directed against epidemics should include a detailed
study of potential triggering mechanisms at the local level for forecasting and
early detection of malaria outbreaks (WHO 2004a). It is essential that capacity
for data collection, analysis, and utilization be developed within the minis-
tries of health in malaria-affected countries. Such data will be used to inform
intersectoral collaborative efforts for rapid assessment and eatly containment
of epidemics. Eatly warning and forecasting with effective surveillance systems
can reduce the adverse effects of malaria epidemics significantly through pre-
paredness and prevention (Thomson and Connor 2001).

It is important to be cognizant of the role that nonclimatic factors (such
as war, migration, and changes in local vector ecology due to human activity)
play in the development of malaria epidemics. These and other social and envi-
ronmental factors should be taken into account to accurately predict and detect
malaria outbreaks (Connor, Thomson, and Molyneux 1999; Teklehaimanot
and others 2004; Thomson and Connor 2001). In the event that a malaria epi-
demic is detected and confirmed, indoor residual spraying should be deployed
to effectively curtail transmission, and insecticide-treated bednets should be
distributed. Along with vector control measures, febrile cases should be rapidly

screened and treated with effective antimalarial medicines.

Information, education, and communication strategies
Community participation is the process by which local residents influence the
decisions and allocation of resources that directly affect them. In this context,
information, education, and communication and social mobilization consti-
tute crucial components of successful malaria control programs. There are
many examples of how strong community-based action has functioned as a
first-line defense against malaria (WHO 2002).

Information, education, and communication components should be sensi-
tive to local sociocultural and environmental variables and should foster a sense
of ownership by all involved. Such an approach requires that the responsibility



for the program be distributed broadly across all participatory levels. All con-
cerned parties must understand the goals of the program and be sensitive to
potential points of friction that may prevent successful implementation. Col-
laboration should be sought and established among personnel and institutions
already operating in the community in order to integrate local actors into new
malaria control efforts.

Furthermore, malaria control efforts should be integrated with other
health programs—such as those concerned with tuberculosis, HIV/AIDS, and
safe motherhood—to foster effective and efficient horizontal communication
(Moerman and others 2003). Adapting malaria control programs to the local
context is crucial, and intervention strategies should be worked out and agreed
upon in concert with the affected communities. Personnel with experience in
information, education, and communication activities, and those with appro-
priate language and communication skills and a solid knowledge of the socio-
cultural, political, and economic characteristics of the community should be
engaged in guiding such efforts (Njama and others 2003). Such an approach
requires more than simply imparting knowledge from healthcare officials to
community members; rather it encompasses a broad exchange and adapting of

implementation measures to the needs of each individual community.

Monitoring and evaluation

The success of malaria control strategies depends in large part on how these
strategies are implemented in the local context. Monitoring and evaluation are
essential activities in program implementation, both to identify the appropriate
mix of malaria control interventions and to assess the effectiveness of pro-
gram activities over time. At all levels of malaria endemicity, malaria control
programs should monitor trends in malaria morbidity and mortality, resis-
tance to antimalarial medicines, and coverage rates of key interventions for
malaria prevention and management. The specific indicators to be used in
monitoring should be chosen according to local transmission conditions. For
example, in high-transmission settings, insecticide-treated bednet coverage
for children under five years of age, intermittent preventive treatment use in
pregnant women, and prompt treatment of child fevers with effective anti-
malarials would be appropriate outcome indicators. In epidemic-prone areas,
insecticide-treated bednet use across all age groups and prompt deployment of
indoor residual spraying during epidemics may be among the outcome indica-
tors chosen for monitoring. Other essential outcomes for monitoring include
the availability and distribution of important malaria commodities such as
antimalarial medicines.

The central challenge to monitoring and evaluation activities is their depen-
dence on the consistent availability of high-quality data for chosen indicators.
At present, most national malaria control programs in Africa conduct program
monitoring and evaluation based on data from national health information



systems. These data have important limitations, however. National health
information systems do not capture detailed data on important malaria out-
come indicators because they collect data only from patients seen in govern-
ment health service facilities, thereby excluding large segments of the rural
population who do not have access to health facilities.

A number of surveys have been developed and widely implemented to
obtain health information on populations that reside outside health service
coverage areas, and on outcome indicators that may not be routinely collected
in national health information systems. These surveys will be described in
detail in chapter 8; among them are those developed specifically for malaria
monitoring. These surveys provide population-based health data. Information
systems for health should be modernized and strengthened and, as resources
for health increase, should integrate facility-level and community-level data in

a cohesive manner.



Malaria-related success in Africa has been limited by an acute shortage of
trained health personnel, underdeveloped health systems, and lack of ade-
quate funding and effective organization. The difficulties in implementing
malaria control programs in this continent are compounded by climatic and
biological factors. African mosquitoes have greater capacity as malaria vectors
than other Anopheles mosquitoes. Endemicity in Africa, therefore, is particu-
larly intense.

Examples of the successful scale-up of malaria control activities can be
found in Echiopia, Madagascar, Viet Nam, South Africa, and Tanzania. The
experiences of these successful programs, reviewed in this chapter, reveal that
sustained reductions in the malaria burden can be achieved when malaria con-
trol programs are implemented through well coordinated efforts that span the
national and regional levels. Successful implementation was achieved through
the availability of appropriate funding from development partners.

The main feature of these successful programs is the deployment of an
integrated package of effective malaria control interventions, tailored to the
local context, along with effective program monitoring and evaluation. Two
districts in Tanzania have also demonstrated that optimum utilization of funds
can achieve the desired results in terms of morbidity and mortality reduction.
Thus, the following case studies demonstrate the feasibility of effective control
with scaled-up malaria control programs and describe the common factors for
their success. The Eritrean Malaria Control Program policy of free distribution
of insecticide-treated nets combined with community-based case management
has resulted in a significant increase in insecticide-treated net coverage and

marked reduction in malaria cases (Graves 2004).



Tigray region of Ethiopia

Due to its varied ecological and epidemiological features, Ethiopia is intensely
affected by destructive malaria epidemics that occur at regular intervals. The
epidemic that struck northern Ethiopia in 1958 devastated the region, resulting
in 150,000 deaths and some 3 million clinical cases (Fontaine, Najjar, and
Prince 1961). Alarmed by the magnitude of the disaster, the national govern-
ment launched a malaria control program in 1961. This program included case
management, the use of indoor residual spraying, limited use of environmental
management, and establishment of an extensive surveillance network. Indoor
residual spraying with DDT, with an annual coverage of some eight million
people, remains one of the main modes of intervention in the country. Over
the past decades, malaria epidemics have continued to occur, but at reduced
levels of severity.

The Tigray region of northern Ethiopia is populated by about four mil-
lion people, 75 percent of whom reside in areas vulnerable to malaria out-
breaks. Less than half of the population lives within 10 kilometers of a health
center. The rest of the population does not have access to healthcare services.
In addition to regular indoor residual spraying campaigns and case manage-
ment services at health centers, the regional government of Tigray introduced a
community-based malaria intervention strategy in 1992 to provide regionwide
and sustained access to early diagnosis and treatment and to promptly identify
and confine malaria outbreaks (WHO 1999).

As part of this community-based approach, a package of interventions was
adopted that included home management of cases by training mothers and
local village volunteers. The success of the program was made possible largely
because of the region’s well established social system and strong commitment
to community involvement, which served as a backdrop to establishing a net-
work of 700 volunteer health workers. These volunteer health workers were
assigned the tasks of social mobilization, implementation of source reduction
measures, clinical diagnosis, and treatment at the village level (Alemayehu,
Ghebreyesus, and others 1998; Alemayehu, Ye-ebiyo, and others 1998).

More than a half million people received free treatment for malaria each
year through this network of volunteer health workers (WHO 1999). District
health management teams and malaria control program personnel provided
technical support, supervision, and free distribution of antimalarial medicines.
Insecticide-treated net use was also promoted. All of the villages in the region
were mapped using global positioning systems (GPS). Geographic information
systems (GIS), including HealthMapper software, was used in the analysis of
surveillance data and malaria trends.

The community-based approach, which has been expanded over the years,
has shifted the bulk of diagnosis and treatment to the community health
workers (figure 5.1). Extension of coverage of early diagnosis and treatment to
the periphery has been a major success and is partly responsible for the increase



Figure 5.1
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in the number of malaria patients treated since the start of the program. Com-
munity-based malaria program activities are likely to have contributed to the
observed 40 percent reduction in the overall under-five child mortality rate
from 1994 to 1996 (WHO 1999).

Highlands of Madagascar

DDT spraying of houses and mass chemoprophylaxis of schoolchildren with
chloroquine led to the disappearance of the malaria vector A. funestus and
malaria in the highlands of Madagascar in the 1950s and 1960s (Joncour
1956). In the mid-1970s, A. funestus returned slowly to the highlands due to
reduced vector control programs, which resulted in a series of malaria epi-
demics that broke out between 1985 and 1990, killing tens of thousands of
people (Lepers and others 1990).

Malaria rates reaching pre-eradication levels incited the government to
mobilize a campaign against malaria in 1989 (Pietra and others 2002). The
program, known as the Opération de Pulvérisation Intra-Domicilaire (OPID),
was funded in large part through the World Bank and consisted of five vector
control campaigns that focused on areas located in epidemic zones. The pro-
gram included community-level distribution of chloroquine. From 1994 to
1998 the program was extended to cover nearly all of the epidemic-prone high-
land areas of the island. The combined use of chloroquine and DDT protected
2.3 million inhabitants per year and resulted in the satisfactory containment
of malaria between 1993 and 2000 (map 5.1).

The pre-OPID parasite prevalence in a sample of villages in the highlands
(1,000-1,500 meters) was 23.8 percent; post-OPID (1998-2000) this rate had
been reduced to 0.4 percent (Romi and others 2002). In 1997, an epidemiologic
surveillance and warning system was put in place that supports the applica-
tion of indoor residual spraying for epidemic control (Curtis 2002a; Romi and
others 2002). Currently, the national malaria control program is promoting
the use of insecticide-treated nets and is planning to improve malaria diagnosis



Map 5.1

The government of
Madagascar began a
campaign against malaria
in 1989 that protected
2.3 million inhabitants
a year with CQ and
DDT and contained
malaria by 2000
Malaria prevalence (percent)
OPID is Opération de Pulvérisation
Intra Domicilaire.

Source: Pietra and others 2002.
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and treatment with the introduction of rapid diagnostic tests and ACTs (Ran-
drianarivelojosia 2004).

Viet Nam

In Viet Nam, a Southeast Asian country of 81 million people, as much as a
third of the population resides in malaria-affected areas. Although the country
has historically been affected by malaria, the disease was successfully con-
tained from 1978 to 1985. In the late 1980s, the situation began to deteriorate
because of a number of factors. Vector control operations came to a stand-
still because donations of DDT from the Soviet Union ceased. Furthermore,



Figure 5.2
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Source: WHO 2000b.

the commonly used antimalarial medicines proved to be virtually ineffective
because of high levels of medicine resistance. Finally, large-scale population
movements enhanced conditions for the development of malaria epidemics.

In 1991, 144 outbreaks were recorded, affecting more than one million
people. Alarmed by the worsening situation, the Vietnamese government
increased its investment in malaria control and adopted a package of interven-
tions that included free distribution and treatment of bednets in annual or
biannual campaigns, application of indoor residual spraying in areas where
people did not have a habit of using bednets, and deployment of new anti-
malarial medicines, including artemisinin derivatives. There was a major
investment in training and supervision, and 400 mobile teams were set up
by the Ministry of Health to supervise voluntary health workers on measures
to improve health-secking behavior at the community level. The number of
people protected by vector control methods (that is, the use of insecticide-
treated nets and the application of indoor residual spraying) increased from 4
million in 1991 to 12 million by 1998. Specifically, the number of people using
insecticide-treated nets rose from 300,000 to more than 10 million.

This integrated package of interventions was evaluated over a five-year
period (1992 undil 1997). Mortality and morbidity rates were reduced by 97
percent and 60 percent respectively (figure 5.2). Local malaria outbreaks were
virtually eliminated (WHO 2000b).

South Africa

In South Africa malaria is confined primarily to the northeast regions of the
country, in the Limpopo, Mpumalanga, and KwaZulu-Natal provinces. The suc-
cess of the country’s malaria control program is the direct result of an approach
based on an integrated package of interventions, which consist mainly of vector
control measures and antimalarial treatments. In general, these provinces have
enjoyed strong political support from the government and the Southern Africa
Development Community in combating malaria (Balfour 2002).
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The history of malaria control in South Africa can briefly be summarized

as follows (Musawenkosi, Sharp, and Lengeler 2004):

1930s: First application of indoor residual spraying using pyrethrum
against lethal epidemics occuring as far south as Durban.

Early 1940s: Beginning of the manufacture of DDT in South Africa;
South African DDT was used in the antityphus measures in Naples in
1943.

Late 1940s: Beginning of the application of indoor residual spraying
with DDT in 1946, followed by significant reduction in malaria-related
morbidity and mortality.

1950s: A. funestus, one of the target malaria vectors, disappeared under
DDT pressure.

1995: Decision in South Africa (but not Swaziland) to discontinue
DDT (despite continued susceptibility of the vector A. arabiensis to it)
and switch to indoor residual spraying with pyrethroid deltamethrin.
1990s: Detection of 80 percent resistance of P. falciparum to SP and
decision to switch to ACTs in South Africa (Bredenkamp and others
2001).

2000: Quadrupling of the malaria incidence since 1995, associated with
re-emergence of A. fumestus (presumably from Mozambique). Local
A. funestus populations were shown by bioassays to be resistant to pyre-
throids but not to DDT (Hargreaves and others 2000).

2000: Decision to switch back to DDT spraying in daub houses but
not in plastered houses, where visible DDT deposits are considered
unacceptable. At the final round of negotiations on the Convention on
Persistent Organic Pollutants the South African delegation proposed a
carefully worded amendment to allow continued use of DDT for vector
control. The amendment was unanimously adopted by a plenary nego-
tiating session representing 150 nations.

2002: In KwaZulu-Natal Province malaria incidence declined by 91
percent from the incidence observed in 2000. Although low levels of
DDT resistance were detected for the first time in A. arabiensis, the
vector was successfully eliminated by intensive pyrethroid spraying.

The establishment of the Lubombo Spatial Development Initiative (LSDI)

by the governments of Mozambique, South Africa, and Swaziland has acceler-

ated the campaign against malaria on a regional basis. The LSDI is a unique

collaboration between the three countries that aims to transform the Lubombo

region into an economically competitive zone. To this end, the malaria burden

was identified as a major barrier and a Regional Malaria Control Commission

was created to oversee malaria control efforts.

Malaria incidence has been steadily decreasing in the Lubombo region

since 2000, and the contiguous area under malaria control now covers approxi-
mately 100,000 square kilometers in the three countries (LSDI 2004). The use



of indoor residual spraying has been extended to the whole region, and ACT
implementation is well under way. While 41,786 cases of malaria were reported
in KwaZulu-Natal province in 2000, there were only 9,443 cases in 2001, cor-
responding to a 78 percent reduction during the first year of implementation
(MSF 2003). In particular, the provinces of Kwa-Zulu Natal and Mpumalanga
recorded 96 percent and 75 percent reductions in the number of malaria cases
during the period between 2000 and 2003, respectively, whereas the incidence
of malaria decreased by 91 percent in Swaziland (LSDI 2004). As of June
2004, malaria prevalence in children decreased by 89 percent and 76 percent
in zones 1 and 1A, respectively, in Mozambique (map 5.2).

The integrated approach to malaria control has been the key to the reduc-
tion of malaria incidence in the Lubombo region (LSDI 2004). Continued
success has been achieved by maintaining an appropriate skills base among
malaria control personnel in the region and by ensuring the program’s finan-
cial sustainability. Initial financing came from the South African Business
Trust and MOZAL (Mozambique Aluminum); private sector funding con-
stituted 100 percent of funding in the first two years. However, by the fourth
year of the project, the public-to-private ratio of funding was 50:50, with the
Mozambique and South African governments increasing their contributions.
This regional malaria control initiative was awarded a GFATM allocation in
2003 (LSDI 2004).

Tanzania

Starting out as an integrated research and development project in Rufiji and
Morogoro Districts of Tanzania in 1997, the Tanzanian Essential Health
Interventions Project (TEHIP) has observed significant reductions in the
mortality of children under the age of five when districts used an evidence-
based approach to health planning (figure 5.3). These districts are actually
well on track to meet the Millennium Development Goal target for under-
five mortality rate reductions 10 years ahead of schedule. This success has
shown that “a major constraint of the District Health System was not just the
money available, but the capacity to spend it” (IDRC/TEHIP 2004). The
inner workings of the TEHIP project are described in box 5.1 (De Savigny
and others 2004).

In the districts of Rufiji and Morogoro in Tanzania, Demographic Surveil-
lance Systems (DSS) provide the sentinel information base for monitoring the
full scope of health problems at the household level and feeding this into district-
level health planning. Analogous DSS information systems also operate at the
district level in 19 countries, mostly in Sub-Saharan Africa and Asia, including
parts of Bangladesh, Burkina Faso, Ghana, Indonesia, Mozambique, South
Africa, Senegal, and Viet Nam. With monitoring and surveillance systems in
place, and using simple tools for interpreting the evidence for district planners,
existing districe-level health budgets can be better allocated according to local
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Figure 5.3

Under-five mortality in
Rufuji and Morogoro
Districts, Tanzania,
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an evidence-based
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Source: IDRC/TEHIP 2004.
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health priorities. This facilitates setting feasible burden reduction targets for
the most important and tractable problems appropriate to the local district-
level situation.

Experience to date, as in the TEHIP program in Tanzania, indicates that
such sentinel community-level information systems can provide the basis for
bringing about much more rational allocation of existing and new district-level
funds and personnel to better focus resources on the highest disease burden,
with dramatic reductions in, for example, the mortality of children under the
age of five, in short order (see figure 5.3).

The prioritization of health interventions according to local morbidity and
mortality burdens also made transparent what additional funds—beyond gov-
ernment allocations—and capacity building would be necessary in the short
run to bring about substantial declines, as illustrated above, in under-five mor-
tality. A recent assessment of the effectiveness of the district health services in
malaria control in another part of Tanzania, where such priority setting and
resource allocation tools have not been used, has concluded that insufficient
capacity to develop local policies that reflect local needs and resources, and the
lack of a local malaria control strategy, resulted in limited success in reducing
malaria at the district level (Alilio and others 2004). The general principle, of
which the TEHIP program is exemplary, is that systemic interventions that
strengthen health systems to do a better job of delivering key health interven-
tions can significantly contribute to the Millennium Development Goals prog-
ress as long as local ownership, decentralized control of resources, and steadily
increasing funding are provided for scaling up IDRC/TEHIP 2004).

Starting this kind of process on the broadest feasible scale in the short run
could initiate a longer term process that would meet certain health-related
Millennium Development Goals targets in a timely fashion. A top priority
should be to immediately initiate such districe-level systemic health system
improvements in what may be regarded as the beginning stage of a substantial
scaling-up process.



Box 5.1
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Source: IDRC/TEHIP 2004.

Through continuous sentinel population health and mortality surveillance in Tanzania, vital
statistics (such as births, deaths, migrations, and causes of deaths) are updated regularly
to generate profiles of the annual burden of disease for districts. These profiles of inter-
vention priorities, coupled with an appreciation of district-level capacity and community
preferences, inform priority setting and budget allocations that lead to a greater push on
cost-effective interventions that address the largest shares of the disease burden actually
experienced by local communities. For instance, malaria was shown to be responsible for
30 percent of the years of life lost in the Southern Tanzania DSS sentinel area in 1996.
As a result, the Morogoro Council health management teams increased their spending
on malaria prevention and treatment from 5 to 25 percent of the health budget the fol-
lowing year (IDRC/TEHIP 2004). Based on surveillance data, health impacts are rigorously
monitored at the household level to assess program effectiveness. Tracking the trends in
health-seeking behavior, these tools help the health management teams to improve and
expand the delivery and use of essential health interventions such as insecticide-treated
nets and tuberculosis DOTS treatments in both pilot districts.

A joint venture between the Canadian International Development Research Centre and
the Tanzanian Ministry of Health, TEHIP initially increased the per capita health budget
from $8 to $10 by offering an unconstrained $2 “basket” of decentralized funds to the dis-
tricts between 1997 and 2000 to facilitate investment in packages of interventions con-
sistent with the pattern of the local burden of disease (IDRC/TEHIP 2004). However, the
incremental per capita spending from these TEHIP funds averaged less than $1 in the pilot
districts. Starting in 2001, TEHIP’s external financial support was gradually decreased,
as funding from the new, sectorwide government/donor partnership “basket” grants has
started flowing into the district budget. The government of Tanzania supports the scaling-
up of the TEHIP planning tools and strategies to national level; however, this process is
going slowly because of a shortage of financial and human resources for training districts
in new approaches.

Lessons learned

The examples cited above illustrate how integrated packages of antimalarial
interventions, when implemented on the regional or national level, can bring
about significant and sustained reductions in the malaria burden. These
examples show the impact of locally relevant, multifaceted malaria programs
in diverse situations in malaria-endemic areas, and emphasize that no single
intervention strategy can resolve the problem presented by malaria. The salient
features common to these programs are:

® The appropriate selection of a locally adapted package of interventions.

® An effective system for monitoring program activities and evaluating

impact.

The particular strengths of each program provide guidance in how suc-
cessful scale-up may be carried out. For example, active participation by the
members of affected communities greatly enhanced clinical management
of malaria in the Ethiopian program, while a strong emphasis on evidence-
based planning led to significant improvements in malaria program manage-

ment in Tanzania. Successes in malaria control not featured in the examples



given here include case management at home and in remote villages in parts
of Burkina Faso, the Democratic Republic of Congo, Kenya, and Uganda;
and free distribution of prepackaged (chloroquine plus SP) combination medi-
cines in Uganda. The programs featured in this chapter are notable examples
of the successful scale-up of malaria control to the regional or national level.
Our challenge now is to apply the principles derived from these success stories

throughout malaria-endemic countries.



A range of proven antimalarial tools and interventions exist to prevent, treat,
and control malaria. Evidence shows that effective and sustained implemen-
tation of existing interventions can significantly reduce malaria-related mor-
bidity and mortality in endemic countries. Successful implementation in the
Tigray region of Ethiopia and in Madagascar and Viet Nam was achieved
because human and financial resources were made available by development
partners. These countries used the funding available to them to launch an
integrated package of effective interventions to those at risk of malaria on
a large scale. Unfortunately, most malaria control programs are carried out
with limited coverage and scope, especially in Africa. To date, these frag-
mented efforts have not made an impact on the burden that malaria imposes
on society.

It is therefore critical to identify key implementation and programmatic
challenges to scaling up malaria control programs to national levels. To this
end, priority implementation challenges fall broadly into four categories: health
systems capacity, human resources capacity, social mobilization of communi-
ties, and partnership. The health system constraints are discussed within the
context of malaria control programs, along with programmartic challenges at
the implementation level.

1. Health systems capacity

® Inadequate, poor quality, and underused health infrastructure and
services, especially in rural areas.

® Weak health information systems and limited government capacity
for surveillance, monitoring, evaluation, and regulation.

® Inappropriate sectoral policies on expenditure allocations and tar-

geting across levels of care, failing to address social inequalities.



® Inappropriate sectoral policies influenced by donor agencies and
international organizations that impede free distribution of essential
health commodities to endemic populations that are key components
of the effective interventions.

® Weak integration, coordination, and collaboration at higher levels
of the health system (such as ministries of health), focusing on day-
to-day management instead of stewardship in management and stra-
tegic planning,.

® Insufficient and unsustainable financial investment for strengthening
of health systems in developing countries.

2. Human resources capacity

® Shortage of adequate human resources for planning, implementa-
tion, service delivery, monitoring, and evaluation.

® Inadequate human resource policies on training and compensation,
leading to poor performance, absenteeism, emigration, and loss of
staff to less poor urban areas or the private sector.

3. Social mobilization of communities

® Weak community participation in governance and management of
local health facilities.

® Weak community demand for healthcare services due to extreme
poverty, low geographical access, and lack of knowledge of preven-
tion and treatment services.

4. Partnerships

® Low collaboration and weak coordination with the private health
sector, NGOs, and civil society organizations to improve coverage
and quality of primary healthcare services, especially in rural under-
served communities.

® Litcle intersectoral activity with other agencies going beyond the
ministry of health to increase impact, including other government
ministries and the private sector.

® Unpredictable and low development assistance to the health sector
by the donor community, with high transaction costs.

There are some anxieties about the possible undesirable effects of economic
globalization on the general health sector, including malaria control. Drugs and
other commodities have been available in most developed countries at inexpen-
sive prices because their provision has been subsidized by governments. With the
introduction of Trade-Related Aspects of Intellectual Property Rights (TRIPS)
and the subsequent requirement for aligning domestic patent laws with the com-
mitments under TRIPS, there will be a change in the scale of the restrictions
regulating manufacturing of new drugs and other commodities. The introduc-
tion of a TRIPS-consistent patent regime for medicines in a developing country
will likely result in an increase in the cost of medicines and services worldwide.



Strengthening health systems

To ensure the greatest effectiveness and sustainability of malaria control
efforts, interventions should be integrated into a strong and functional health
system. The UN Millennium Project considers strong health systems to be
a sine qua non for meeting the health and other Millennium Development
Goals. The UN Millennium Project (2005) report Investing in Development:
A Practical Plan to Achieve the Millennium Development Goals details some of
the emerging recommendations for strengthening health systems to accelerate
progress toward the Goals. In the following sections, we summarize the aspects
of health systems that are essential to malaria control.

Rigorous assessments of existing policies on malaria control and program
organization in relation to the general health system should be carried out as
part of designing appropriate malaria control programs. The health systems of
each country, including health-related institutions, must be up to date on the
availability and efficacy of malaria control interventions and the best modes
of their deployment. A comprehensive malaria control effort should include a
thorough assessment of the existing infrastructure and the capacity and perfor-
mance of the following program components within the health system:

® Functioning laboratory facilities for diagnosis at different healthcare

levels.

¢ Efficiency of medicine procurement, supply, and distribution systems.

® Adequate number of health staff trained in disease management.

® Operational quality of health information and management systems.

® Facilities for quality assurance and monitoring of substandard or fake

medicines, diagnostics, insecticides, and other reagents.

® Systems to monitor medicine and insecticide efficacy to inform policy

decisions for appropriate action.

® Supervision and monitoring systems to improve the health workforce

performance.

® Availability of quality regulatory and enforcement agencies.

® Dolicy on free distribution of antimalarial medicines and insecticide-

treated nets.

® Availability of services offered through antenatal care services and out-

reach facilities.

® Availability of functioning referral systems for severe malaria cases.

Human resources capacity

The effective implementation of malaria control interventions rests on the
availability, the skills, the attitudes, and the motivation of health personnel
who manage programs, deliver interventions, and assess their impact. Evidence
suggests that countries with the highest disease burden have the lowest health
staff per population ratios. Most of them are low-income countries in Africa.
Success requires developing human resources through training and certification



in various disciplines. Required areas of expertise include managing programs;
harnessing evidence for effective policymaking and stewardship; capturing
developments in best practices for program formulation and intervention
development; integrating such best practices into national strategy and guide-
lines; implementation and monitoring of programs; assessing the impact of
interventions; and data management and analytical skills. Acquiring special
skills to undertake studies on antimalarial therapeutic efficacy, insecticide sus-
ceptibility of vector mosquitoes, and vector ecology and behavior is also critical
to implement successful programs. These highly qualified personnel can con-
tribute strongly to regional malaria control efforts. Local training programs
administered by trained personnel will provide the necessary skilled workforce
for effective implementation at subnational levels.

Community-level health workers such as health extension workers, com-
munity health workers, and traditional birth attendants involved in malaria
control efforts are trained by ministries of health, bilateral development part-
ners, NGOs, and civil society organizations in a system designed to stimulate
their enthusiasm and prepare them for the challenges presented by their com-
munities. These community-level workers are vital for promoting social mobi-
lization and health-seeking behavior and for mobilizing political and financial

support.

Social mobilization of communities

Increased awareness and knowledge about healthy behaviors and practices by
communities are fundamental for general health promotion, preventing malaria
infection, and effective case management. Strategies for social mobilization
should be developed at district and peripheral levels. Key elements in such
strategies should include promoting community awareness; demanding services
that would lead to the adoption of essential disease-prevention atticudes—such
as the correct use of insecticide-treated nets and other preventive measures,
and improved treatment-secking behavior—and compliance with prescribed
treatments. Health workers in general, especially those at the periphery, are
inadequately prepared for mobilizing local communities and sustaining their
interest in antimalarial measures.

Control initiatives should seek to empower communities by increasing their
awareness and improving health worker skills and practices concerning malaria
prevention and treatment. The needs and requirements of particular countries
and districts should be considered when developing strategies, training mate-
rials, and mechanisms for creating an adequately skilled workforce to support

social mobilization.

Partnerships
Malaria-endemic countries, particularly in Africa, have been struggling to
combat the burden of malaria with limited human and financial resources,



poor infrastructure, and underdeveloped health systems. Because of such
constraints, most malaria programs operate against daunting implementation
challenges, rendering them time-limited projects that are unable to bring about
a measurable impact on malaria-related morbidity and mortality. At this rate of
investment and coverage and quality of health services, these countries on their
own will not be able to achieve the Millennium Development Goals for health,
including the malaria target, by 2015.

Support from the international donor community for malaria control
efforts in Africa during the past five decades was at a minimum at best. Par-
ticipation was limited to project level. In recent years, however, international
donor agencies have become more willing to partner with malaria-endemic
countries. The availability of additional funding from the Global Fund to Fight
AIDS, Tuberculosis, and Malaria (GFATM) and the level of political support
and commitment for the Millennium Development Goals are encouraging for
forging constructive partnerships. Private sources such as foundations and cor-
porations have become important in financing global public goods, usually in
partnership with multilateral organizations.

While some countries have set goals and targets in line with the Millen-
nium Development Goals for health, they are unlikely to achieve their targets
unless there is a massive and sustained increase in development assistance
from the developed countries to build national capacity. Particularly, finan-
cial investment in malaria control has been insufficient, and even endemic
countries that are supported by the GFATM have achieved only limited cov-
erage. Partnerships between endemic countries and the developed world are
critical if the Millennium Development Goal target on malaria is to be real-
ized by 2015.

Malaria-endemic countries are expected to develop evidence-based national
plans with a policy framework, core indicators, and data collection, analysis,
and dissemination strategies and to pursue their implementation on a national
scale in a transparent and accountable manner. Likewise, the donor commu-
nity is expected to mobilize the necessary resources to fund nationwide control
programs. The partnership should not be seen as benefiting only one side, but
as a collaborative alliance based on equality and solidarity to pool resources,
skills, and expertise for the common good.

Programmatic challenges

Program management practices should be developed for malaria control efforts
that will help various groups of operators at different levels of the health system
to implement tasks in a coordinated manner. Traditionally, malaria control
activities have been undertaken under the auspices of a national malaria con-
trol program through a vertical system, with little input from the general health
services and from other sectors. Although this may work in certain situations
for a limited time, any narrowly defined program is inherently unsustainable.



Such specialized programs must eventually be incorporated into the general
health system.

Several effective interventions can be delivered through other health
programs, including those that pertain to reproductive and child healch.
Intermittent preventive treatment, for example, can be provided to pregnant
women as part of antenatal services in endemic areas. To ensure a satisfactory
impact on the disease burden, programs must be technically sound. National
strategies should include advocacy in order to ensure adequate funding.

Malaria control also requires the participation and collaboration of various
agencies devoted to agriculture, tourism, finance, education, urban or rural
development, and meteorological services, as well as the private sector and
NGOs. Intersectoral partnerships at national levels promote a concerted effort
toward the implementation of selected packages of interventions. A national
strategic plan should be developed that coordinates the efforts of all stake-
holders within a multiyear implementation plan and an agreed set of mile-
stones and outcomes.

Traditionally, malaria control has depended on earmarked resources and
budget lines. The commitment of the finance ministry appears to be essential,
as it allocates funds to different sectors, including health. National-scale inter-
ventions, however, require comprehensive decisionmaking at various levels of
the general health system to allocate appropriate resources. In particular, dis-
trict health managers should have enough resources for their malaria-related
activities. Quality management and decisionmaking needs must be met at the
district level.

Successful malaria interventions can bring economic gains. One route to
economic development can accrue from close links between the agriculture
and malaria control sectors. The greatest contemporary burden of malaria in
Sub-Saharan Africa is shouldered by people engaged in subsistence agriculture.
It may be that rural poverty and subsistence agriculture are fostered by malaria
and vice versa. Breaking out of this cycle will require conversion to cash crops
and a simultaneous investment in malaria control efforts. Economically pro-
ductive agriculture provides a payoff to governments through taxation. It is
also linked to export businesses, which in turn provides a motivation for min-
isters of finance to invest in malaria control.

Encouraging export trade operating through urban centers, many of which
are linked to profitable businesses in more rural areas, introduces a demand for
malaria control in both areas to minimize days of work lost due to the disease.
Enhanced labor productivity and increased company profits benefit govern-
ments through tax revenues. Reduced risk of malaria may facilitate develop-
ment, and this can induce cycles of health and wealth that provide incentives
to governments to the point where investment in health initiatives becomes a
clear priority. Fostering economic development through simultaneous reduc-

tion of malaria risk in rural as well as urban areas has an interesting but limited



history (Watson 1921). Much opportunity remains for expanding on such
development. The involvement of the private sector in malaria control efforts
will contribute largely to program sustainability by encouraging local procure-
ment of program support.



Development of a global plan for malaria control is a prerequisite for coordi-

nated resource mobilization, sustained implementation, and monitoring efforts

to achieve the Millennium Development Goal target for malaria.

Conditions for achieving a sustained impact
The conditions required for achieving a sustained reduction in the burden

imposed by malaria include the following:

The necessary political commitment must be made.

The necessary human and financial resources must be available.

An appropriate disease control strategy, including monitoring and eval-
uation mechanisms, must be formulated.

Appropriate malaria control programs must be designed and planned as
part of country-specific poverty reduction strategies.

Control activities must be integrated into the activities of district- and
national-level healthcare delivery services, linking the ministries of
health, related governmental agencies, the donor community, NGOs,
civil society organizations, the private sector, and the UN agencies. The
resulting partnerships would conduct control efforts under government
ownership and leadership.

The donor community and the UN agencies must be committed to
providing technical guidance and mobilizing resources.

The necessary commodities should be readily available and these com-
modities should be provided free to the end users in malaria-endemic
countries. It is, however, essential to develop and implement, over
the long term, a financing scheme for malaria control that eliminates
dependence on external donors and is self-sustaining for the countries
themselves.



® Quality and effectiveness of antimalarial commodities must be ensured

and regularly monitored.

The process of realizing these conditions needs to start with identifying
districts within countries, where time-series data of defensible malaria preva-
lence rates are available and where an effective data collection and monitoring
system is in place. Most national malaria control programs lack necessary
human or financial resources to effectively monitor malaria-related morbidity
and mortality and the progress of program implementation.

A practical approach to this problem is to begin with available resources
and proceed incrementally as the program develops. However, it is important
that malaria-endemic countries be supported by development partners and
international agencies, which often develop their own monitoring systems and
work independently, in their efforts to establish a health information system at
the district and national levels.

Developing a global plan for reducing the burden of malaria

Any effort to reduce the burden of malaria must rest on accurate estimates of
the current burden, both in place and in time. These would have to include
information about local ecosystems that would help to specify the intervention
packages that are tuned to the district- and village-level situations. This would
provide a basis for prioritizing districts within countries where systemic health
system enhancement should be initiated and where malaria control would
clearly be an important part of the local programs.

The information base created in this process would include cost estimates
for malaria and also for effectively implementing systemic district-level health
systems. Locally relevant objectives for the reduction of the malaria burden
could meaningfully be specified with this information. Gaps in district-level
funding that are not currently being filled by funds allocated from national
governments would be identified. Thus there would be clear knowledge of the
magnitude and geographical distribution of needed short-term funds from the
donor community. The information-gathering process would also provide the
basis for a global business plan for relieving the burden of malaria.

The process for developing a global business plan is similar to the pro-
cess for national plans. However, country plans would be more comprehensive
and detailed about costing activities, deployment of personnel, the quantity
of antimalarial commodities required, the extent of the population to be pro-
tected, and strategies for supervising, monitoring, and assessing impact and
for scheduling timelines for implementation. National governments would be
responsible for setting priorities on sequencing districts during systemic health
systems improvements, thereby explicitly defining a scaling-up process at the
level of district health systems. For those districts where the burden of malaria
is high, malaria control would be embedded within the district-level health
system. Accompanying monitoring and surveillance technology would be



introduced, or improved as the case may be, so that it is an integral part of the
scaling-up process.
The following actions are required for developing antimalarial implemen-
tation plans:
® Assess the malaria burden.
® Assess the status of malaria control and scaling-up.
¢ Identify and prioritize problems.
¢ Establish linkages with existing health systems.
® Establish linkages with economic development and poverty reduction
efforts and develop effective partnership strategies.
® Develop effective commodity management systems.
® Develop effective monitoring and evaluation systems.
® Develop effective advocacy strategies.
® Conduct targeted operational research to address strategically impor-
tant questions.
¢ Undertakea systematic needs assessment to determine costand financing

requirements.

Components of a global plan

The components of a global plan to address the malaria burden are assess-
ment, evaluation of current programs, linking to the development of health
systems and human resources, economic development and poverty reduction
efforts, commodity management, renewal of current interventions and prod-
ucts, monitoring and evaluation, advocacy, and specific operational research.
Each of the identified components is described below.

Assessment of the global malaria burden
A realistic and regular assessment of the malaria burden requires an under-
standing of the dynamics of malaria transmission and of identifying factors
that affect trends in malaria incidence and mortality. Such a calculation would
include estimates of the effects of any interventions that may be occurring.
This would reflect the nature of the strategy that guides the intervention, the
availability of essential commodities, human resources capacity, the adequacy
of financial resources, the quality of healthcare delivery, logistical issues, polit-
ical stability, and the quality of service provided by the national malaria pro-
grams. The actual global malaria burden is not well understood, particularly
in Africa, because the health information systems there are so rudimentary. As
a result, the annual global malaria-attributed mortality estimates vary from
700,000 deaths to 2.7 million, 90 percent of them in Africa (WHO 2000¢).
WHO and UNICEEF have assessed the status of various antimalarial activ-
ities and presented these results in the form of the Africa Malaria Report 2003.
Country-specific control efforts and the extent of the malaria burden on health

services was the main thrust of this assessment.



Evaluation of current malaria control programs

The following components require attention when evaluating the status of an
antimalarial program: efficacy of program organization, extent of managerial
capacity, availability of resources, relevance of activities being conducted, adap-
tation to local epidemiological situations, adequacy of diagnostic and treat-
ment practices, extent of coverage, and quality of service. The effectiveness of
antimalarial programs depends critically on realistic resource allocation.

The package of effective antimalarial interventions includes methods for
improved diagnosis and treatment, intermittent preventive treatment during
pregnancy, distribution of insecticide-treated nets, application of indoor residual
spraying, and source reduction by environmental management and larvicidal
measures. The impact of the package depends on the level of coverage and also
on the optimal selection of combinations of interventions in accordance with
local ecological and epidemiological conditions. Although in the short term the
health sector faces severe absorptive capacity constraints in most developing
countries, adequate funding and good planning will make it feasible to scale
up from current low coverage levels to more than 80 percent in about three to
four years.

Good planning is required at national and district levels; it is contingent
on local situation analyses, and should include material on information sys-
tems, training, human resource management, communication, community
mobilization, demand creation, and quality assurance. A crucial component,
too often neglected, is logistics and supply chain management. In many coun-
tries, large quantities of nets, insecticides, artemisinin-based medicines, and
rapid diagnostic tests will need to be managed, and the existing infrastructure
may need to be upgraded for these exigencies.

Malaria epidemics and complex emergencies can greatly increase costs of oper-
ation and jeopardize impact. Experience has shown that it is important to main-
tain emergency funds and revolving emergency stocks. It is essential in reporting
on coverage and impact not to neglect those people who are most affected by such
emergencies, as they currently account for a large proportion of the world’s malaria
burden. A specific line of products for malaria control in complex emergencies is
under development by industry in cooperation with WHO and NGOs.

A thorough assessment of the malaria situation and the status of control
efforts should be the basis for assessing and reorienting current malaria control
strategies as well as their implementation and management approaches.

Linking malaria control with the development of health systems and
buman resources

An important part of this global plan is building stronger national health
systems as a platform for delivering essential antimalarial commodities and
effective interventions to those at risk of malaria, especially in the poorest seg-
ments of endemic populations.



Human resource development. The efficacy of antimalarial interventions depends
largely on human resources devoted to the effort. The human resource devel-
opment plan should comprise the following:
® Central-level institutional development for managing human and finan-
cial resources as well as capacity for partnership with private, commercial
sector, economic development projects; subcontracting; and informa-
tion management. Cross-program links, especially with HIV/AIDS,
tuberculosis, and maternal and child health, are also important.
® Capacity development for microplanning at district level and for estab-
lishing cross-program links with other health programs whenever
feasible.
® Development of community-based services for prevention and treatment.
In view of the general attrition of the public health workforce in many
developing countries, the sustainable development of human resources pres-
ents the most formidable challenge of all. Although training and supervision
are necessary elements, and should be addressed at a global level by devel-
oping standardized training materials and tools, it will be necessary to take
bold measures to maintain staff, probably by intervening to ensure attractive
employment conditions through such measures as salary supplements. Such
measures could be associated with a high risk of graft, wage inflation, and
stimulation of rent-seeking. Unless they are planned in a broad health system
framework, these measures could rapidly deplete those branches of the health
system that are not benefiting from substantial donor support. “Ground rules”
for international financial support should be established.

Service delivery. Continuous high-coverage service delivery depends on human
resources, logistics, communication, infrastructure, program coordination,
quality control, and supervision. These elements may appear simple, but they
are critical for the success of any program and precise planning is required
to ensure allocation of necessary resources, which are often underestimated.
One of the important problematic coordination issues concerns the frequently
conflicting demands for maintaining fixed routine services and outreach cam-
paigns. Such problems occur frequently in the context of polio and measles
campaigns, and in many countries health services are learning to deal with
them.

Linking malaria control with economic development and poverty
reduction efforts

In parallel with initiating improvements and developing systemic district-
level health systems, with support from the international donor community,
it is essential to lay the groundwork for the takeover of financing by national
governments themselves. Two immediate steps toward independence from the

donor community can be:



® Initiate a process of transformation from subsistence farming to cash

crops.

® Heavily promote foreign direct investment in endemic countries, accom-

panied by within-country legislation that targets a small fraction of the
increased income to the health sector.

The first point would build strong linkages between the agriculture and
health sectors, as substantial at-risk populations for malaria currently engage in
subsistence farming (De Plaen, Seka, and Koutoua 2004; Girardin and others
2004; Mutero and others 2004; Sissoko and others 2004). The transforma-
tion could, in the short term, be partly financed by joint agriculture-health
donor coalitions. However, as local wealth increases with financial benefits
also accruing to the government, a fresh incentive is provided for support from
both the finance and agriculture ministries favoring allocation of resources to
support district-level health systems.

The second point requires demonstration of successful examples to be
followed by malaria-endemic countries. One obvious beginning is in the oil-
producing countries of Africa. With increased political will and assistance
from organizations such as Transparency International,!' of the publicly stated
revenues that the governments receive from oil, a fraction, (say, 1.5-3 per-
cent) could be allocated to the health sector. These would suffice to finance
antiretroviral treatment for AIDS patients who need it, malaria control, and
more broadly, improvement—and even development from scracch—of district
level health services. More generally, legislation within countries indicates that
public health action plans that are an outgrowth of health impact assessments
for development projects should be financed with a fraction of the revenues that
accrue to the government from these initiatives. However, such oil-producing
and precious stone—mining malaria-endemic countries will require technical
and legal support from the developed world to ensure that they receive a fair
share of the wealth that will be generated.

Development of such revenue management plans is currently in its
infancy; but it is the core mechanism for ensuring sustainability of district-
and national-level health systems and breaking dependence on the donor com-
munity. Development projects—and their lenders—should evaluate potential
health impacts and integrate them into decisionmaking processes and agree-
ments such as the Equator Principles.?

These are but a few of the immediate possibilities that need to be pursued
in parallel with the short-term donor financing discussed previously. A limited
set of industries is already engaged in open dialogue on these issues with gov-
ernments, banks, and tropical health experts. Cross-talk among these groups
needs strong encouragement and support, as there is very little history to date
of dialogue between the health, business, government, and financial commu-
nities that would lead to symbiotic improvements in the health of people in

endemic countries, with correlating improvements in business activity.



Commodity management

The core interventions depend on sufficient supplies of quality products, many
of which are just becoming available, such as fixed-dose combinations of arte-
misinin-based combination therapies (ACTs), rapid diagnostic tests, and long-
lasting insecticidal nets. It is desirable to strengthen the capacity of health
ministries to develop and manage procurement and distribution systems for
all health-related supplies and commodities. However, given the immature
markets for some products, the rapidly increasing demands, and the risk of
substandard and counterfeit products, a certain degree of international support
will be required. The actions required are:

® Forecast needs and demand in the short, medium and long term.

® Communicate forecasts to producers.

® Cooperate with and among producers to improve quality.

® Support “soft contracts” with financial guarantees for producers of

products requiring considerable lead time (such as ACTs).

® Procure commodities in bulk (especially for clusters of small countries

with similar needs).

® Prequalify products based on specifications, documentation, and inspec-

tion of production sites.

¢ Control the quality of products at importation and at end-use points.

® Combat fake and counterfeit products through international coopera-

tion, law enforcement, and mobilization of civil society.

Administering the ACTs will require a global subsidy “upstream” that will
reduce costs by facilitating the production and distribution chain. The ACTs
should become available at a cost similar to that of chloroquine to end-users
in endemic countries (Institute of Medicine 2004). Rapid diagnostic capacity

will require similar subsidies.

Renewing interventions and the products on which they are based

The eventual blunting of any biocide used continually on a large scale is per-
haps inevitable because of the evolution of the vector, both physiologically
and behaviorally. Even vaccines may eventually lose efficacy against malaria
parasites. In order to reduce the likelihood of such evolution, insecticides and
antimalarial medicines must be administered in combinations. Although the
ACT strategy may, indeed, delay the onset of resistance, combinations inevi-
tably expose the pathogen or vector population to more substances at the same
time. Under certain circumstances, this may expend an array of resources over
a shorter time than if they were exposed sequentially. The use of biocides,
therefore, is probably time-limited. Unless an endless chain of independently
acting insecticides, medicines, or vaccines is available, their intensive use tends
to prejudice their continued application. The alternative is to devise programs

that permit de-intensification after certain reasonable goals are met (Spielman,
Kitron, and Pollack 1993).



Good targeting (often referred to as judicious use in vector control) will
reduce the quantity of biocide used, thereby reducing selection pressure on
the pathogen or vector population. Such a measure, however, will help delay
resistance only if a large reservoir of the targeted organism is not exposed.
For antimalarial medicines, those with a short half-life (such as quinine and
the artemisinin derivatives) are less likely to induce resistance than those
with a long half-life, an observation that lies at the heart of the extensive
use of ACTs. If the use of biocides is to be scaled-up, program sustainability
requires many new biocides in the pipeline that will replace those that have
been blunted.

One urgent research need is to identify new antimalarial medicines that
are safe enough to be used for intermittent preventive treatment during preg-
nancy (and possibly in infancy), when SP is no longer effective because of
resistance. Although the most dramatic setbacks in malaria control have been
caused by the development of resistance to antimalarial medicines, there is
now room for optimism because of the promising number of new antimalarials
in the pipeline. In contrast, great uncertainty surrounds the use of insecticides.
Consultation among industry, scientists, and other partners is urgently needed
to stimulate the development of new products. New methods such as vaccines
and genetically modified mosquitoes should also be included in the strategic
framework, provided that they work.

Much room remains for the improvement of existing antimalarial tools
and interventions. Industry and academic laboratories are already working on
novel long-lasting net treatment techniques that could be used in the field and
would be inexpensive. There is a need for improved rapid diagnostic tests,
especially with increased diagnostic sensitivity. Some of the ACTs currently in
use, such as artesunate plus amodiaquine, need to be developed as fixed-dose
combinations that would fulfill regulatory standards. This is also the case for
artemisinin-derivative suppositories, which are potentially extremely useful for

treatment of severe malaria at the community level.

Monitoring and evaluation

For the development of a global plan, concrete details about what indicators
will be reported when and by whom must be added so that it is clear to all
stakeholders how progress toward goals, objectives, and targets will be gauged
year by year and country by country.

Advocacy

A global plan must be accompanied by an advocacy plan. The main purpose of
an advocacy plan is to present goals and targets and estimated costs, as well as
the dimensions of the malaria problem and the collateral effects of the plan. It
would be important to stress the need for a strong argument for sustained and
substantial donor support and to obtain firm commitments.



Operational research to address strategically important questions

A number of problematic malaria-related issues require research attention.

Any operational research agenda needs to be updated frequently in response to

emerging problems and new opportunities, especially those related to applying

new tools. The most important issues in operational research are:

Using rapid diagnostic tests in low transmission areas.

Ensuring the safety and efficacy of ACTs at the community level.
Improving distribution and maintenance of insecticide-treated nets,
including collaborating with agencies dealing with immunization,
reproductive health, and community-based programs.

Assessing the role of environmental management for larval control.
Developing strategies for urban malaria control.

Developing systems for epidemic forecasting and prevention.

Adapting GIS, GPS, and remote sensing for malaria control.
Identifying the characteristics of houses that might mitigate the risk of
malaria infection.

Identifying characteristics of agricultural practice that affect the inten-

sity of malaria transmission.

Needs assessment: costing and financing
If coverage rates and benchmarks are agreed upon and populations at risk at

the district and community levels are well defined, the calculation of the total

cost of a program is relatively straightforward. These costs, however, will not

remain constant, and the following trends and issues should be considered:

Increasing urbanization will tend to decrease malaria morbidity and
mortality.

The increasing HIV/AIDS burden may tend to increase the impact of
malaria on communities, especially on urban populations with rela-
tively low immunity.

Costs of commodities, especially antimalarial medicines (such as ACTs)
are expected to decrease within a few years, from about $2.50 per adult
dose to approximately $1.20 per adult dose or less. Alchough synthetic
endoperoxides may decrease the cost of ACT-like combinations, the
possibility should be entertained that future antimalarial medicines
could be even more expensive.

Decreased malaria incidence will translate into decreased malaria hospital-
izations and may considerably decrease the consumption of antimalarial
medicines, if specific diagnosis proves reliable and feasible and is widely
adopted and accepted as a prerequisite to antimalarial treatment. Under
all circumstances, the feasibility of using rapid diagnostic tests for diag-
nosis will be decisive for treatment costs. The research evidence for this
diagnostic tool is not yet available, and it is therefore necessary to consider
scenarios with and without rapid diagnostic tests in costing exercises.



Table 7.1

Costs of a package
of malaria control
interventions in
Sub-Saharan Africa
2003 U.S. dollars

a. Includes cost of providing
bednets for all family members
to maximize mosquito mortality.

Source: Mills and Shillcutt
2004a.

¢ Although most commodity costs for novel products tend to go down
with time, the need for replacement—as resistance develops—will
mean that prices will increase once again. One of the main purposes of
international cooperation is to dampen such fluctuations.

® In the current phase, there is broad international consensus that effec-

tive malaria control interventions must be scaled up rapidly to achieve
impact. Although external financing will be the main source of funding
for antimalarial activities, at least through 2015, this responsibility must
ultimately devolve on national governments.

On the basis of costing of all activities in research projects, the costs of
achieving 70 percent coverage of children under five with insecticide-treated
nets (using deltamethrin), implementing intermittent preventive treatment for
first pregnancies, and changing first-line treatment to and scaling up ACT in
Sub-Saharan Africa has been estimated at $824 million in 2003 U.S. dollars
(Mills and Shillcutt 2004a) (table 7.1). The cost estimate for each intervention
would probably be supported by most experienced malaria control planners. For
instance, the annualized cost estimate of insecticide-treated nets compares with
another published estimate, which found that providing nets free of charge to
all of rural Africa would cost $295 million per year (Curtis and others 2003).

There is room for improvement, especially for scenarios with and without rapid
diagnostic tests and for the control of epidemics and complex emergencies, as well
as the use of indoor residual spraying and larval control in specific situations. In a
global plan, it will have to be estimated how the expenditures should be allocated
between the GFATM, other donors, and governments; probably some increase in
governmental investments over time will be required. According to the proposal
from the Institute of Medicine, ACTs should basically be subsidized “upstream.”
Subsidization from sources such as the GFATM in the short run must be replaced
by national government support as part of sustainable economic development.

For malaria-endemic countries outside Africa, estimating cost will be more
difficult because of the difficulty in estimating the populations that need to be pro-
tected by particular vector control measures. Furthermore, in many of these coun-
tries, the national malaria control budget is already substantial and it is important
to avoid simply replacing government funding with international funding,

Intervention Annualized per capita cost Total annualized cost (millions)
Insecticide-treated 8.12 per child? 496
bednets

Intermittent preventive

treatment 2.02 per pregnancy 10
Changing to ACT 0.83 per malaria case 140
Scaling up ACT 5.66 per malaria case 177
Total 824



Resource mobilization: needs assessment at the global level
WHO has commissioned a study of the global cost of malaria in support of the
UN Millennium Project Working Group on Malaria. Costs were estimated
for an accelerated global scale-up of a set of standard antimalarial interven-
tions between 2005 and 2015. A full costing for programs of standard anti-
malarial interventions was developed for 70 malarious countries that satisfied
minimum criteria on relative degree of population exposure to malaria and
economic need. The individual population growth rate for each country is
used to anticipate each country’s growing needs. The primary scenario esti-
mates the cost of the minimum set of interventions necessary to achieve both
the 2010 Abuja targets and the Millennium Development Goals for malaria
by 2015. The total global cost is estimated at $31.9 billion, corresponding to
about $3 billion per year.

Specific interventions or capacity-building activities included as assump-
tions in the costing are:

® Provide long-lasting insecticidal nets free to high-risk population

groups, and replace them after four years of use.

¢ Introduce ACTs in all areas with significant P. falciparum transmission,

and rapid diagnostic tests where malaria transmission is less intense and
many fevers derive from causes other than malaria.

® Provide SP-based intermittent preventive treatment to all pregnant

women where malaria transmission is stable.

¢ Ensure the availability of adequate supplies of specific therapies and gen-

eral clinical support to treat cases of severe and complicated malaria.

® Improve epidemic prevention and response capabilities, including

enhanced surveillance systems and application of indoor residual
spraying where malaria transmission is unstable.

® Support particular elements of the health infrastructure that are crie-

ical for the efficient implementation of scaled-up antimalarial efforts
(including transportation and laboratory equipment).

® Train community health workers and existing health facility staff in

prevention measures, new treatment protocols, and diagnostics.

® Produce and distribute community-directed strategic communications

that reinforce knowledge of malaria prevention, early recognition of
symptoms, and the need to seek treatment promptly.

® Reduce critical gaps in human resources, including health professionals,

epidemiologists, entomologists, and workers in other relevant technical
fields.

Application of indoor residual spraying in stable malaria transmission areas
was not explicitly estimated, but it was assumed to be interchangeable with
long-lasting insecticidal net programs with similar costs. Some countries may
opt for indoor residual spraying due to specific technical, operational, or cul-

tural issues.



Environmental management and integrated vector management activi-
ties were not specifically costed because of their great diversity and lack of
standardization. These activities, nevertheless, remain important, particularly
because of their potential for sustainability and long-term cost effectiveness.

Generally, official WHO documents were used to obtain the costs of spe-
cific drugs, insecticides, and other interventions. These sources include sources
and prices of selected products for the prevention, diagnosis and treatment of
malaria. To simplify analysis, specific drugs (such as Coartem®) and insecti-
cides (alpha-cypermethrin) that were neither the most nor the least expensive
options were selected. In Ethiopia, as indicated in the needs assessment for
malaria, DDT is the choice of insecticide for use in indoor residual spraying
operations. Distribution costs were chosen from values between the maximum
and minimum values estimated by various sources. In certain cases, these
distribution costs were aggregated with commodity costs to ease calculation.
Training and information, education, and communication costs were derived
from typical programs described in successful GFATM proposals.® Average
prices for vehicles and laboratory equipment were also derived from the item-
ized budgets of several GFATM proposals. Certain costs, such as the cost of
funding the initial education of medical doctors, were derived independently,
considering the likely mixture of local and international medical schools that
would be utilized. It is highly likely that particular intervention choices and
local conditions within particular countries will alter the estimates derived in

this analysis.

Resource mobilization: needs assessment at the country level—
Ethiopia
A preliminary needs assessment for nationwide scaled-up malaria control
activities in Ethiopia between 2005 and 2015 is presented in appendix 1 as an
example for endemic country needs. This assessment indicates that the total
cost of an integrated package of interventions implemented during this period
is about $2.6 billion in Echiopia. Although the initial cost of the intervention
package is estimated to be large, intervention costs should decrease progres-
sively because the capital costs and number of malaria cases will decrease over
time. The annual per capita costs are estimated to decrease from $6.20 to $2.40
between 2005 and 2010 and from $2.40 to $0.84 between 2010 and 2015.

The package of requirements for attaining the Millennium Development
Goal target on malaria in Echiopia includes:

® Providing rapid diagnostic tests in low-transmission areas.

® Providing equipment and reagents necessary for laboratory diagnosis.

¢ Adequactely treating simple and complicated malaria.

® Providing optimum management of severe malaria.

® Providing intermittent preventive treatment for pregnant women who

reside where transmission is intense.



® Providing long-lasting insecticide-treated nets.

® Using indoor residual spraying in epidemic-prone areas or situations,

using DDT as the insecticide of choice.

® Reducing vector sources by chemical, biological, or environmental

methods.

® Providing epidemic prevention and control.

® Advocating for information, education, and communication.

® Providing resources for developing guidelines on various aspects of anti-

malarial intervention.

® Conducting effective monitoring and evaluation.

® Developing human resources at all levels.

¢ Strengthening institutions.

® Retaining health workers through incentives such as paying supple-

mental salaries on a par with those in the private sector.

® Undertaking operational research activities.

Recently, it was estimated that between $1.6 and $3.4 billion per year
would be needed to treat all febrile cases in Africa with Coartem®, unless the
current practice of treating all febrile cases is changed by introducing diag-
nostic tests and an improved clinical algorithm (Snow, Eckert, and Tekle-
haimanot 2003).

Cost estimates included in malaria control programs should be based on a
flexible financing plan that continues through the year 2015 as well as an exit
strategy that will relieve dependence on external donors in the longer term.
Currently, the dominant malaria control donor is the GFATM. However, it is
uncertain whether the GFATM has mechanisms that are best adapted to meet
the recommendations from the Institute of Medicine for upstream financing of
ACTs. Indeed, certain signs already suggest that GFATM mechanisms may not
be ideal for securing external technical cooperation for short-term implementa-
tion, monitoring, and evaluation, or for health system research and develop-
ment. The GFATM, for example, should not finance upstream research for the
development of new products.



It is becoming increasingly important for countries to measure the progress
and evaluate the impact of their malaria control programs accurately. Moni-
toring and evaluation systems are generally established after program objec-
tives, strategies, and activities have been defined. These systems, which include
a number of key indicators and measurable targets, allow program managers
and partners to monitor the implementation of planned activities in terms of
input, output, and outcome within a coherent framework.

An effective monitoring and evaluation system can capture data in an
organized and cost-effective way and will contribute to more efficient alloca-
tion of resources for disease-specific activities. Therefore it is important that
monitoring and evaluation be integrated in an overall evidence-based planning
system at district, regional, and national levels. Such a systemic approach is
critical in view of the fact that existing health information systems (HIS) are
weak and inadequate in most countries. This is largely because monitoring
and evaluation are not considered integral parts of evidence-based decision-
making. Often data and information (the product of analysis) are available
to decisionmakers. However, necessary actions (such as policy changes and
timely adoption and adaptation of interventions) are not taken readily because
of communication and follow-up problems. This chapter outlines the key con-
cepts and main approaches to data collection for monitoring and evaluating
malaria control at district, national, and global levels.

Monitoring and evaluation of health programs

Monitoring is the routine tracking of the performance of various program com-
ponents (WHO and RBM 2004). Program managers depend on the resulting
parameters to determine which areas require greater effort and may contribute
to an improved response. They also rely on periodic retrospective evaluation



to allocate resources and modify program direction. In a well designed moni-
toring and evaluation system, monitoring contributes greatly toward evalua-
tion. The choice of indicators for monitoring will depend on the reporting level
within the health system. At the global level, monitoring focuses mainly on
outcome indicators to monitor trends in intervention coverage. At the country
level, monitoring is used to track progress of planned interventions, resource
allocation, and possible adjustment of program activities, as well as to measure
outcome and impact.

Evaluation is the episodic assessment of the change in targeted results that
can be attributed to interventions (WHO and RBM 2004). In other words,
evaluation attempts to link a particular output or outcome directly to a par-
ticular intervention or a package of interventions following a period of imple-
mentation. Evaluation helps program managers determine the value or worth

of a particular program.

Malaria-related Millennium Development Goal, targets, and
indicators

Goal 6, “Combat HIV/AIDS, malaria, and other diseases,” includes malaria-
specific targets and indicators (box 8.1). In most countries, the data available
for indicators 21a and 21b will be the number of malaria cases and deaths
reported monthly and annually with or without confirmed diagnosis as part of
the routine HIS. Clinical malaria and confirmed cases from outpatient depart-
ments can provide information for measuring morbidity rates. Likewise, the
proportion of malaria inpatients could be used as a proxy for measuring the
incidence of severe malaria. Malaria-specific mortality rates can also be derived
from hospital deaths. However, given the low coverage of health services, it is
evident that the data obtained from the routine HIS will underestimate the
malaria disease burden. The majority of the rural populations do not have
access to formal health services.

Although malaria is a global health problem, it is estimated that 90 percent
of malaria deaths in the world today occur in Africa south of the Sahara, and
90 percent of those deaths are among children less than five years old (WHO
2000c¢). The key objective of malaria control efforts in Africa is, therefore, to
reduce mortality from malaria in young children. In addition to Goal 6, the
focus on reducing malaria-related deaths among young children in Africa links
the disease directly to Goal 4, “Reduce child mortality.” It is unlikely that Goal
4 can be met without substantial reductions in childhood deaths due to malaria
in most African countries. Besides children, pregnant women are particularly
vulnerable to malaria. Use of effective preventive measures (such as the admin-
istration of intermittent preventive treatment and the use of insecticide-treated
nets) to reduce maternal mortality and morbidity and improve well-being during
pregnancy links malaria to Goal 5 “Improve maternal health.” It is also impor-
tant to consider people who live in unstable transmission areas, particularly



Box 8.1

Goal 6: Combat
HIV/AIDS, malaria,
and other diseases

Souce: UN Millennium
Project

Target 8. Have halted by 2015 and begun to reverse the incidence of malaria and
other major diseases

Indicators

21a. Prevalence rate associated with malaria.

21b. Malaria-related death rates in children under five and other population groups.

22a. Proportion of children under five and other population groups in malaria-risk areas
using effective prevention measures (insecticide-treated nets, indoor residual spraying,
and source reduction).

22b. Proportion of children under five and other population groups with malaria who are
appropriately treated.

those prone to epidemics. As malaria is a leading cause of illness and absen-
teeism in school-age children, effective malaria control will accelerate progress
on Goal 2, “Achieve universal primary education.” Thus reducing the burden
of malaria directly or indirectly contributes to the achievement of Goals 2, 4, 5,
and 6 and their accompanying targets. The synergies between the Millennium
Development Goals are vital to any country’s sustainable development.

Coverage measures

In addition to measuring impact, it will be important to evaluate the cov-
erage rates of both prevention and treatment interventions undertaken at the
district and community levels. These interventions include household use of
insecticide-treated nets, application of indoor residual spraying in epidemic-
prone areas, administration of intermittent preventive treatment to pregnant
women living in high endemic areas, and prompt and effective treatment of
febrile malaria illness in young children and other population groups.

Main approaches to data collection for monitoring malaria control
For malaria control, disease-specific data can be obtained at two primary
levels: the health facility and health system level through routine HIS, and the
community and household level through Demographic Surveillance Systems
(DSS), Demographic and Health Surveys (DHS), Multiple Indicator Cluster
Surveys (MICS), and Malaria Indicator Surveys (MIS).

Health information systems
Health information systems constitute the main source of data on malaria
cases and malaria-related deaths, and are particularly useful for monitoring
time trends in the disease burden at district, regional, and national levels. More
specifically, the routine HIS captures the following data on case management
and outcomes at the health facility level:

® Proportion of malaria cases seen in outpatient consultations.

® Hospital admission rate due to severe malaria.



® Malaria mortality rate in hospitals.

® (Case fatality rate of malaria among hospital inpatients.

® Severe anemia admission rate in children under five years of age due to

malaria.

® Reductions in the prevalence of anemia and acute malaria in pregnant

women.

These routine HIS data contribute to the understanding of the dynamics
of severe disease and case fatality rates among hospital inpatients where the
population of interest is those who arrive at a health facility. Facility-based data
are most useful in monitoring health facility needs for antimalarial medicines
and other essential commodities.

In most countries, existing HIS are inadequate and are unable to provide
robust data for effective monitoring and evaluation. Reporting from health
facilities to districts and from districts to the ministry of health varies in its
completeness and timeliness and often does not include health data from other
sources, such as nongovernmental facilities. More important, most malaria
patients in endemic countries either do not seek treatment or are treated out-
side the formal health sector. Finally, most deaths occur at home and are not
captured by the routine HIS. The deaths occurring at home are recorded by
vital registration systems in only a few countries, but these registration systems
are usually incomplete and are not very specific. Therefore, although the rou-
tine HIS data can be potentially useful for local program planning, the use of
facility-based data as a proxy for population health is based on the assumption
that the population attending health services reflects the health problems of
those who do not attend. This is generally not the case.

Improvements in both the quality of HIS and access to health services are
required before health-facility data can be relied on for monitoring epidemiolog-
ical trends. In some countries, a promising strategy to strengthen health infor-
mation systems is to recruit randomly selected inpatient and outpatient formal
health service providers, to act as sentinels for monitoring time trends in disease
burdens. Given adequate diagnostics and human resources capacity, these sen-
tinel health facilities can capture important data on trends in case fatality rates,
disease presentation, and treatment failures. The data derived from sentinels
will permit revised estimation of commodity needs at the health system level.
Computer-based information systems capturing facility-based data on malaria
cases have been developed in a number of endemic countries (such as South
Africa); the development of computer-based systems in Africa can provide a
basis for effective monitoring and management of large-scale programs.

Collecting malaria-specific data outside the routine HIS is necessary to
monitor various malaria-directed activities. Indoor residual spraying application
and coverage, distribution, and use of insecticide-treated nets, malaria risk map-
ping, studies on the efficacy of antimalarials, use of environmental management
measures, studies on vector susceptibility to insecticides, and community-based



interventions are supervised primarily by personnel dedicated to malaria pro-
grams and community health workers. Such activities are monitored and evalu-
ated through specific surveys or the establishment of sentinel sites.

Community and housebold surveys

Community-based information on prevention and treatment practices is critical
for monitoring the progress and impact of malaria control. The greatest burden
of the disease and the greatest need for prevention and control efforts tend to
occur in isolated rural settings where a large proportion of cases are managed at
home. Deaths occur outside the formal healthcare setting and are not reported
in hospital statistics or national vital statistics. Therefore, the most important
level at which to measure impact is the household level. Data can be obtained
prospectively through continuous surveillance by sample registration or sentinel
DSS or retrospectively through periodic, national, cross-sectional household sur-
veys such as DHS, MICS, and MIS. Such household surveys also reveal trends in
coverage of insecticide-treated nets and appropriate treatment for malaria.

Demographic surveillance systems. DSS sites monitor disease and deaths pro-
spectively in large populations with full vital event registration and are updated
one to four times a year. DSS integrates census and survey data longitudinally
through total sampling or representative sampling methods and avoids the self-
selection bias that is embedded in routine HIS data. Continuous surveillance
approach over time also makes it possible to link georeferenced contextual data
on socioeconomic, environmental, and health systems with each individual in
the population (De Savigny and Binka 2004).

Currently, there are 33 DSS sites in 14 countries in Africa. These DSS sites
have recently formed a network, INDEPTH (http://www.indepth-network.
org), to harmonize and strengthen methods, lower costs, and address questions
across multiple sites. At present, DSS communities provide the most reliable
data on time trends in malaria mortality in children under five (Korenromp
and others 2003). Establishing additional DSS sites in malaria-endemic areas
would enhance the ability to track changes in cause-specific mortality in chil-
dren and also in adults at a population level. The necessary data on mortality
impact in the short term can be derived from a strategic combination of DSS
and nationwide household surveys (such as DHS) supporting the backbone of
a sectorwide or even intersectoral management information system. It should

be a top priority for each malarious country to have a number of DSS sites.

Demographic and Health Surveys. DHS are nationwide household surveys that
focus on reproductive and child health. Typically, DHS are based on interviews
with between 4,000 and 12,000 women aged 15—49 years who are sampled in
a multiple-stage cluster design. Because the questionnaires are standardized
and structured and change little between surveys, DHS results are comparable



across countries and over time. However, if DHS are to be useful for moni-
toring progress and evaluating the impact of malaria control measures, they
should be implemented more frequently.

Since 1998 specific questions on malaria prevention and treatment have
been included in DHS. In 2001 these questions were grouped into a standard
malaria module and added to the surveys conducted in malarious countries.
Besides providing information on major outcome indicators, DHS are a pri-
mary source of information on all-cause under-five mortality rates, with their
use of indirect demographic techniques such as birth histories. Recently DHS
have also been used to measure the prevalence of anemia by hemoglobin mea-
surement in children under five years of age. DHS are organized by Macro
International, USA. Questionnaires and survey results are available on the
Internet approximately one year after the field work is completed.!

Multiple Indicaror Cluster Surveys. Between 1999 and 2001, MICS were con-
ducted in 67 countries with support from the United Nations Children’s Fund.
MICS are nationally representative surveys, comprising on average 6,000
households, sampled through a two-stage cluster design. In 24 African coun-
tries where MICS were conducted, they included a malaria module with ques-
tions related to prevention and treatment. MICS also provide data on all-cause
mortality among children under five years of age. Survey results and question-
naires are available on the Internet.?

Malaria Indicator Survey. Recently the Monitoring and Evaluation Refer-
ence Group of the RBM Partnership has worked with Macro International to
develop a Malaria Indicator Survey (MIS), which may be used at a national or
subnational level. The sample sizes are smaller than those required for DHS
and MICS, since the primary use of these surveys is to monitor progress in
coverage of insecticide-treated nets and effective treatment, but not all-cause
child mortality. The MIS will, then, be less expensive to conduct than DHS or
MICS and can be conducted at a subnational level, if needed. In addition, for
operational reasons, both DHS and MICS are conducted during the dry season
and, therefore, outside the peak malaria transmission season, whereas the MIS
can—and should—be targeted to the peak transmission and combined with
measurements of hemoglobin and parasite prevalence, where relevant. The
entire MIS package (questionnaire, training manual, guidance on sampling
and sampling sizes with costing, and so on) became available in 2004.

Summary of main approaches to data collection: toward an integrated
data system

No single data source can supply all the data on process and impact indi-
cators that are necessary for monitoring progress and evaluating the impact
of malaria control. Although HIS is the main data system in use, it is not



adequate for capturing population-based health data. Looking to the next 10
years, it has to be an immediate priority to strengthen information systems. It
will also be important to develop a comprehensive data system that provides
both population-based household-level health data and detailed health facility
information. It is highly recommended that priority be given to investing in
a reliable and comprehensive health information system. As it evolves, this
comprehensive system should include surveys such as DSS, DHS, MICS,
MIS, and other appropriate special surveys. These tools together are critical for
measuring impact at the community level and for district-level health system
management as well as for use by international agencies, such as GFATM and
WHO. As investments for health increase over time, countries should explore
innovative ways to combine data from DSS, DHS, MICS, and MIS to enable
effective measurement of the impact of malaria and other health interventions
and to help plan for allocation of resources. Community-based surveys are
essential for documenting all-cause and cause-specific mortality and health-
seeking process indicators, and in monitoring poverty reduction indicators.
Longer term maintenance of all of these monitoring systems should become
an integral part of the budget of health ministries, as outlined in chapter 7.
Integrated data systems are a pressing priority for monitoring and evaluating

malaria control programs.

Monitoring the effectiveness of antimalarials and insecticides

Although outside a strict definition of monitoring and evaluation, assessment
of parasite and vector sensitivity to medicines and insecticides is of paramount
importance in maintaining program effectiveness. For antimalarial combina-
tion therapies, traditional iz vivo assays should be supplemented with 7 vitro
and molecular marker studies for early warning of the emergence of resistance.
Assessments of quality assurance at procurement and at the point of delivery
should also be a part of the surveillance system. Strengthening research centers
in Africa is essential to build up capacity for undertaking operational research
and to ensure appropriate laboratory and statistical backup (such as vector
species identification and infection rates), with a view toward developing an

appropriate skills base for monitoring and evaluation.

Developing geographic information systems and remote sensing

Establishing a national GIS platform for assessing malaria risk will require a
national effort to define a high-resolution population distribution map based
on the most recent national census that will be linked to modeled distributions
of malaria risk. In addition, GIS surfaces will be developed for transport net-
works and health service providers to enhance planning of service provision.
All subsequent data collection will use the combined risk-population-service
GIS platform as a sampling frame and analytical tool (for example, coverage

versus poverty mapping).



An important first step in this direction is the monitoring system devel-
oped by WHO and UNICEF based on a comprehensive GIS system, Health-
Mapper. National malaria control programs are now using this system:

® To identify populations at risk.

® To assess access of communities to health care.

® To target and monitor implementation of interventions, including use

of insecticide-treated nets and larvicides.

¢ To monitor resistance to first-line medicines.

® To integrate environmental data (such as rainfall amounts and their

variability) to serve as an early warning system for epidemics.

® To assess the impact of irrigation and other environmental factors on

transmission.

An important additional step is the recently launched online WHO global
atlas of infectious diseases. A new tool for infectious disease surveillance and
control, it builds upon the features of HealthMapper. More than 300 indica-
tors for more than 20 infectious diseases are included in this database.

Routine remote sensing and modeling can be used in both a prospective
and a retrospective manner to facilitate malaria control efforts in forecasting
and preventing epidemics. Currently, an experiment is under way that com-
bines remote sensing data with real-time health facility data to validate the
relevance of remote sensing (Cox and others 1999). Integrated with other data
sources, remote sensing is a potentially useful tool for national malaria control
programs and district-level health planners. Their development depends on the
availability of human and technical resources.

These GIS and remote sensing technologies are meant to strengthen surveil-
lance and management systems of malaria control programs. While allocating
resources, care should be taken to ensure that community-based disease preven-
tion and management activities are not reduced in favor of these technologies.

Cost-effectiveness of service provision

An itemized costing system should be developed in which all unit costs and
quantities are given explicitly. These routine cost analyses can provide a frame-
work for an ongoing assessment of changes in unit costs (such as the price of
insecticide-treated nets or antimalarials) or quantities (such as the number of
insecticide-treated nets delivered). The data on coverage, individual effective-
ness, community effectiveness, and costs can form the empirical basis for a
cost-effectiveness analysis of alternative intervention strategies and should be
embedded within the national GIS platform of risk, changing disease burden,

and service access.

Linkage of malaria monitoring with poverty alleviation
As part of the GIS platform, poverty mapping should accompany malaria-
risk mapping. This would include spatial representations of the local living



standards, the sources of income generation, and the distribution of wealth.
Spatial association analyses will connect malaria risk to the economic status of
communities as well as the neighboring centers with which they interact. The
reciprocal connections between malaria control and poverty will be an integral
part of these efforts. Mapping actual or potential development sites, including
those of tourism and industrial areas, is expected to have a direct impact on
poverty by enabling the creation of new jobs.

Malaria control programs should be planned and implemented as part of

the poverty reduction strategies of endemic countries.



An extensive program of applied and basic research should be implemented to

improve existing antimalarial tools and interventions.

Antimalarial medicine development

The prospects of antimalarial medicine treatment looked bleak in the past few
decades. Resistance against available medicines had spread rapidly, effective treat-
ments had diminished, and only a few new antimalarial medicines were in the
development pipeline. Recently, however, the situation has improved considerably.
Medicine development efforts have been invigorated by the establishment of the
Medicines for Malaria Venture (MMYV) along with WHO’s Special Programme
for Research and Training in Tropical Diseases and Walter Reed Army Institute
for Research (Institute of Medicine 2004). It is important to maintain a sufficiently
large, high-quality pipeline of antimalarial compounds to ensure sustainability in
medicine discovery and development. Currently, several new combination regi-
mens and entirely new classes of medicines are under development.

There are a number of projects close to completion involving fixed-dose
artemisinin-based medicines with an expected registration date of 2006-07.
The goal is to develop alternative combination medicines that are more effec-
tive and less costly (box 9.1). The medicine development portfolio also includes
several single-agent medicines, some of which may come on the market soon
after 2010 and may ultimately be used in combination with other antima-
larial medicines. High on the list of such antimalarial medicines are artemi-
sone (a new artemisinin derivative), synthetic peroxide, pyridones, isoquine,
and DB 289 (a diamidine derivative). Finally, research efforts concentrate on
enhancing the formulations of existing medicines. The projects include pedi-
atric Coartem® formulation, rectal artesunate, and artesunate intravenous for-
mulation for severe malaria (Institute of Medicine 2004).



Box 9.1

Artemisinin
combinations in
development

Source: MMV 2004.

e Chlorproguanil-dapsone artesunate (Lapdap artesunate).
e Pyronaridine-artesunate.

e Piperaquine-dihydroartemisinin.

e Amodiaquine-artesunate.

e Mefloquine-artesunate.

The current pipeline of new antimalarial medicines looks promising. How-
ever, developing novel compounds into safe, effective, and affordable medicines
for populations living in malaria-endemic countries requires substantial and
sustained funding, particularly in view of the increasing technical challenges
(MMV 2003). Many malaria experts agree on the need to replace malaria
monotherapies with combination therapies to extend the useful lifetime and
maintain the effectiveness of antimalarial medicines. This will almost double
the time and economic cost of medicine development programs. The ultimate
goal in malaria research and development is to develop an effective, safe, and
affordable single-dose medicine for the treatment of P. falciparum malaria,
including medicine-resistant strains, which is also efficacious against P. vivax
malaria. Such a medicine would likely be a combination. With sufficient
resources, this very ambitious goal seems attainable.

According to the recent report published by the Institute of Medicine on
the economics of antimalarial medicines, an estimated $60—$80 million per
year is needed to maintain the momentum of existing development activities,
along with $300-500 million to subsidize the use of ACTs as first-line medi-
cines globally (Institute of Medicine 2004). Significant cost savings are possible
if researchers succeed in developing low-cost and effective antimalarial medi-
cines as targeted. This presented case becomes more compelling economically
if one factors into consideration the macroeconomic benefits from effective
malaria control. Aligned with the Millennium Development Goals, the pri-
ority is to maintain a sustainable pipeline of antimalarial medicines to benefit
the affected populations in malaria-endemic countries (MMYV 2003).

Malaria diagnostics

The use of clinical diagnosis in highly endemic areas and the advantages and
disadvantages of employing rapid diagnostic tests in different settings are dis-
cussed in chapter 4. Based on that information, future research and develop-
ment directions are discussed here.

Since rapid diagnostic tests do not, as yet, yield quantitative measurement
of the level of parasitemia, methods that permit quantification of parasite den-
sity must be developed. Furthermore, it will be important that such tests be
able to better reflect the total parasite load, including both circulating and
sequestered parasites. Making tests easier to use in the field by reducing the



number of steps and components and developing non-blood-based tests will
also be necessary. The published literature on recent rapid diagnostic test trials
does not indicate possible causes of performance differences among study
sites (WHO 2003a). Therefore it will be helpful to create a shared bank of
reagents and to establish a common network of well equipped and geographi-
cally diverse sites where new tests can be assessed. These new rapid diagnostic
tests can improve our understanding of the biology of malaria in the human
host (WHO 2000a).

Aside from research on the development of improved assays, it is also
necessary to study the operational feasibility and acceptability of introducing
rapid diagnostic tests in isolated communities and their use by private health
providers. Such studies should be multidisciplinary and include economic
analysis, behavioral studies, monitoring and quality control, and measurement

of outcomes.

Malaria management in young children

Lacking natural immunity to malaria, children under five years of age are
among those who are most vulnerable to the worst effects of P. falciparum
infection. Deaths and severe anemia are most frequent in this age group,
particularly in African countries. Although young children can be protected
substantially by chemoprophylaxis administered at weekly or fortnightly inter-
vals, such interventions are difficult to sustain and may accelerate the onset
of antimalarial medicine resistance while impairing the acquisition of natural
immunity against the disease. SP and amodiaquine, which yielded satisfactory
results in studies of intermittent preventive treatment in infants, will not be
recommended in most African countries because of their reduced efficacy.

Conducting the first study on intermittent preventive treatment in infants
(IPT1i), Schellenberg and colleagues demonstrated that three therapeutic doses
of SP treatment administered at 2, 3, and 9 months of age during routine child-
hood vaccinations under the Expanded Program on Immunization reduced the
rate of clinical malaria by almost 60 percent and severe anemia by 50 percent
in Tanzanian infants (Schellenberg and others 2001). A second study, also con-
ducted in Tanzania, on presumptive treatment of infants with amodiaquine
during the first year of life along with routine Expanded Program on Immuni-
zation vaccinations reported similar results (Massaga and others 2003).

These findings suggest that intermittent preventive treatment in infants
could reduce the burden of malaria significantly in this age group in highly
endemic areas. However, any intervention delivered through the established
Expanded Program on Immunization system as part of an integrated malaria
control strategy should be assessed for its impact on the efficacy of vaccines
devlivered by this program. A recent review of nine published clinical studies
indicated that antimalarial medicines might affect the immunological response
to routinely administered childhood vaccines (Rosen and Breman 2004).



Additional multicenter studies on the safety and efficacy of intermittent pre-
ventive treatment in infants are needed in different epidemiological settings.
Therefore, at this point, intermittent preventive treatment in infants is not
recommended as an intervention strategy.

Formed to resolve pending scientific questions and implementation issues
about introducing intermittent preventive treatment in infants as a routine
health intervention, the IPTi Consortium—an alliance of WHO, UNICEF,
and leading research centers in Africa, Europe, and the United States—will
conduct five studies in Africa.! The IPTi Consortium aims to provide suffi-
cient evidence by early 2006 to inform policy debate on the widespread use of
this strategy (IPTi Consortium 2004).

Malaria vector
Developments in malaria vector control are highly dependent on basic and
applied research.

Vector ecology
Increased research attention should be placed on the vector ecology of malaria.
Specifically:
® Environmental conditions that contribute to mosquito longevity remain
virtually unknown.
® The effect of malaria infection on feeding frequency remains unexplored.
® Temperature relationships are poorly understood.
® Host specificity by vector mosquitoes remains a fertile field of study.
® Mosquito survival mechanisms through interepidemic periods and sig-
nals of the onset and termination of transmission are pootly understood.
® Ongoing speciation of A. gambiae and its relationship to adaptation to
different ecological niches needs to be understood.

Insecticide development

The arsenal of low-risk and costeffective public health insecticides, most
notably for preventing malaria, is depleted for a variety of reasons (such as
insecticide resistance and lack of re-registration). The number of new insecti-
cide products in the pipeline is also dwindling. The global market for public
health pesticides has become less attractive to the industry as a result of low
and unpredictable return on investment in research and development of new
insecticides.

Pyrethroids are the only contact insecticides that have reached the market
for vector control in the past two decades (Zaim and Guillet 2002), and they
constitute the only group of insecticides currently recommended for treating
mosquito nets (Zaim, Aitio, and Nakashima 2000). Pyrethroid resistance
has, however, emerged in major mosquito populations in Africa and other
malaria-endemic parts of the world and has been spreading rapidly (Casimiro



2003; Chandre and others 1999; Hargreaves and others 2000; Singh and
others 2002). A very high frequency of the kdr resistance gene in A. gambiac
in central Cote d’Ivoire does not prevent insecticide-treated bednets from
working well in killing mosquitoes that enter huts, in controlling malaria, and
in reducing the infective vector populations in villages. However, one should
be prepared with alternatives that have been proven to be safe and effective in
case more powerful forms of pyrethroid resistance emerge (such as A. funestus
in South Africa; Hargreaves and others 2000).

Making selective and judicious use of currently available insecticides, par-
ticularly within the context of integrated vector management, and increasing
the cost-effectiveness of existing tools (such as improved insecticide for-
mulations and application technologies including long-lasting insecticidal
nets) are among short- to medium-term solutions. These strategies should
be supported by improved capacity for planning, implementing, and evalu-
ating vector control activities, coupled with effective insecticide resistance
monitoring and management. However, as a longer term strategy, identifying
mechanisms and procedures for developing new insecticidal compounds for
public health use is of high priority. Because it takes 7-10 years to bring
a newly developed compound to registration, immediate action is required
(WHO 2004b).

Modification of vector populations

Notable progress has recently been achieved in attempts to genetically trans-
form anopheline mosquitoes. Genes have been incorporated into the mosquito
genome that would reduce the ability of certain malaria ookinetes to develop
into the sporozoite stage, thus developing mosquitoes incapable of transmit-
ting malaria parasites (Ghosh, Moreira, and Jacobs-Lorena 2002). The three
essentials of a transformation system may soon become available: competence-
inhibiting genes, promoters, and driver systems. In spite of intensive efforts,
however, no effector gene relevant to human malaria and no promising driver
have yet been developed. Also the very difficult problem of ensuring genetic
linkage of the drive system and the effector genes remains to be solved. Thus,
we are still far from definite experiments designed to determine whether the
malaria-competence of confined populations of vector mosquitoes can be
stably and effectively reduced.

Efforts to create genetic constructs for vector anophelines should be
accompanied by research programs designed to explore the circumstances
under which these assets can be put into practice. It is necessary to identify test
locations that are geographically isolated so that controlled releases of geneti-
cally modified mosquitoes can be conducted and their elimination made pos-
sible, if that becomes necessary. Optimum evaluation of the effectiveness of
such a release can best be performed in locations where only a single vector
population perpetuates infection. Ethical considerations should be defined and



may include the magnitude of the release inoculum, which requires careful
attention, as well as the circumstances under which a release is to take place. It
is also necessary to ascertain the competence of natural vector populations in
release locations and to devise models that examine the effect of a reduction in

competence on the force of malaria transmission.

Malaria vaccines
Despite decades of research, an effective malaria vaccine has so far proven
elusive. Natural immunity against malaria infection develops gradually after
repeated infection. Yet this acquired immunity is strain-specific, requires con-
tinual boosting, and is disease modifying rather than sterilizing (Webster and
Hill 2003). Some 5,300 antigens encode the P. falciparum parasite. We do
not yet know which of these genes regulate the expression of antigens that
produce the key protective immune response in human hosts and that should
be targeted to develop a successful vaccine (Moorthy, Good, and Hill 2004).
Each malaria infection results in the introduction of thousands of antigens
into the human immune system, which differ at each stage of the parasite’s life
cycle (Moore, Surgey, and Cadwgan 2002). Another central issue in vaccine
research, therefore, is the choice of which stage in the life cycle of the parasite
to target (Richie and Saul 2002). Despite these complexities, prospects are still
high, especially with the genomic sequencing of P. falciparum (Gardner and
others 2002) and the increased research funding that has become available in
recent years (Ballou and others 2004). Various candidate vaccines target dif-
ferent stages of parasite development:
® DPre-erythrocytic vaccines aim to avert the clinical manifestations of
malaria by preventing sporozoites® from entering or developing within
infected liver cells (Moore, Surgey, and Cadwgan 2002). The recent suc-
cess of the lead vaccine candidate, RTS,S/AS02A, in a phase 2b proof-
of-concept trial is very encouraging (Alonso and others 2004). The
double-blind, randomized controlled trial in Mozambique involving
2,022 children ages 1-4 years revealed that the vaccine protected chil-
dren against malaria attacks by 30 percent, primary infection with 2.
Jalciparum by 45 percent, and severe disease by 58 percent.
® Blood-stage vaccines aim to modulate the complications of malaria by
preventing the invasion of red blood cells by merozoites.? The process of
invasion is complex and rapid, involving a number of parasite proteins
that are located on the surface of the merozite and that are thus tran-
siently accessible to circulating antibodies. The most studied antigens
include merozoite surface protein 1 (MSP-1, MSP2, MSP3, and apical
membrane antigen 1 (Ballou and others 2004). To date, the develop-
ment of such a vaccine has been hampered by antigen polymorphism
(Webster and Hill 2003) and the lack of a viable target antigen or com-
bination of antigens (Moorthy, Good, and Hill 2004).



¢ Transmission-blocking (antigamete) vaccines aim to prevent vector
mosquitoes from acquiring infection from an infected person, but they
do not modulate the infection and confer protection to individuals. The
formulation of adequately immunogenic vaccines has proven difficult,
as sexual-stage antigen targets are complex proteins with precise molec-
ular folding requirements (Ballou and others 2004). These vaccines
will likely be useful for populations living in malaria-endemic areas,
and there is therefore little commercial funding for their research and
development (Webster and Hill 2003). The U.S. National Institute for
Allergy and Infectious Disease Malaria Vaccine Development Unit has
decided to clinically assess a P. falciparum gametocyte candidate vac-
cine, Pfs25 (Moorthy, Good, and Hill 2004).

It is commonly accepted that an effective malaria vaccine should ultimately
target multiple antigens and multiple stages and generate humoral (antibody)
and cellular immunity as well as immunological memory (Richie and Saul
2002). More research on antigenic polymorphism, duration of efficacy, means
of antigen combination, and vaccine delivery systems capable of inducing the
desired immune response is required. The laboratory work that is devoted to
production of malaria vaccines should also be accompanied by epidemiological
studies that will identify the populations to be immunized.



The UN Millennium Project Working Group on Malaria has focused on
developing and designing strategic frameworks that would ensure implemen-
tation of antimalarial interventions covering as many residents of endemic sites
as possible and incorporating components tuned to local conditions. Accord-
ingly, the working group now seeks to develop malaria control strategies based
on integrated packages of interventions designed to improve health nationally
while also promoting economic development locally. The components of these
proposed strategies include early diagnosis of clinically apparent infection;
treating with effective antimalarial medicines; using insecticide-treated bed-
nets; applying indoor residual spraying; appropriately managing the environ-
ment; improving housing for and extending health education to all residents of
endemic sites; and improving monitoring and evaluation systems.

These interventions, if conducted with sufficient intensity and coverage
and applied on a national scale, will greatly reduce morbidity and mortality
and should promote economic growth. Specifically, insecticide-treated bednets
should be distributed to all children in malaria-endemic areas by 2007 to achieve
100 percent coverage. Such a comprehensive strategy would promote cognitive
development and school attendance. A program of basic and applied research is
required that will provide a series of alternative medicines and insecticides, rapid
diagnostics suitable for field use, and appropriate vaccines. The working group
has identified 14 critical areas that require priority action.

1. Establish a realistic and measurable target on malaria

Because the established Millennium Development Goal target on malaria,
“Have halted by 2015 and begun to reverse the incidence of malaria,” is dif-
ficult to measure and interpret, the Working Group on Malaria proposes a
more measurable target. The revised target is to “Reduce malaria morbidity



and mortality by 75 percent by 2015 from the 2005 baseline level.” The pro-
posed target and timeline are consistent with the Millennium Development
Goals for improved maternal health and reduction of child mortality, because
children under five years of age and pregnant women are the most vulnerable

to malaria.

2. Enhance political commitment at country and global levels
Ministries of health should concentrate on their stewardship role by strength-
ening their planning, analytical, and public health expertise. Adequate human
and financial resources should be dedicated to the pursuit of antimalarial inter-
ventions and to the development of rationales for persuading other govern-
mental agencies to join in this effort. Ministries such as those of agriculture,
trade, mines, education, and finance are likely partners in malaria control.
Such intersectoral collaborations are strengthened greatly when elements of
the private sector, such as philanthropic organizations and various industries
(such as the oil and mining industries) are included. Endemic countries should
incorporate malaria control activities into their poverty reduction strategies.
Governments should promote the use of essential antimalarial interven-
tion tools such as medicines, insecticides, insecticide-treated nets, and indoor
residual spraying. Such public goods should be available free of cost to popula-
tions at risk for malaria. These efforts will require donor community partici-
pation to mobilize resources, as malaria-endemic countries cannot afford to
implement these programs on their own. At the same time, measures should
be adopted that will ensure the appropriate use of financial and other resources
dedicated to malaria control interventions. Requirements for transparency
should be imposed on agencies that are the recipients of such resources.

3. Strengthen health systems at national and district levels

Ministries of health need long-term predictable commitments of funding
from the donor community to strengthen the healthcare infrastructure in
endemic countries, to provide quality laboratory services that will ensure reli-
able diagnosis and effective case management. Efficient mechanisms will also
be required for procuring and distributing medicines, reagents, insecticides,
and other essential commodities and for developing service delivery models
coordinated with other health programs and effective health information
and monitoring systems. These information systems would identify the most
pressing health problems that can be addressed by existing technologies and
also promote appropriate allocation of existing funds. Information systems for
health should be modernized and strengthened and, as resources for health
increase, should integrate community-level as well as facility-level data in a
cohesive manner. Such comprehensive health information systems will enable
planning, resource allocation, and tracking program performance through
monitoring and evaluating process, outcome, and impact indicators. These



systems are also essential for monitoring and evaluating program performance,
assessing equity of health systems, and evaluating the extent to which Millen-
nium Development Goals objectives are realized.

4. Develop human resources for program implementation
Skilled personnel are required at national and district levels to assess local situ-
ations, develop appropriate intervention strategies, guide control activities, and
monitor their impact. Human resource constraints should be addressed through
an appropriate combination of incentives, legislative measures, and manage-
ment reforms. Motivated staff should be retained with salary supplements and
hardship allowances, and housing should be provided for those working in rural
areas where the malaria challenge is most pressing. Such incentives may also slow
the exodus to other countries of professionals secking better opportunities.
Training is critically required in epidemiology, entomology, laboratory
diagnostics, and case management. Materials and tools that would enhance
supervision, planning, and program management should be developed and
produced. Existing regional malaria training centers and networks should be
encouraged to produce midlevel malaria professionals knowledgeable in malaria
prevention and management. These midlevel professionals should also be able
to implement malaria control activities effectively and promote advocacy and
community participation. Current training programs, especially in Africa, lack
mechanisms to track certificate holders. Monitoring and evaluation are keys to
the enhancement of the quality of work at the community level.

5. Promote social mobilization and community participation
Systems should be put in place for mobilizing communities and encouraging
community participation in malaria planning and control activities. Because
a large majority of the population at risk in Sub-Saharan Africa lacks access to
formal health services, extension health workers, traditional birth attendants,
and community health agents have a central role in the prevention and treat-
ment of malaria. Community participation in planning and implementing
malaria control efforts should be supported as an integral part of an effective
district health system. The process should include establishing new health cen-
ters and health posts as part of the district health system.

6. Provide effective antimalarial supplies and commodities
Antimalarial medicines, insecticide-treated nets, and insecticides for indoor
residual spraying (mainly DDT and pyrethroids) should be considered public
goods and should be available free of charge to residents of endemic sites.

7. Apply an integrated package of interventions
There is no single antimalarial “magic bullet” that can bring about a sus-
tained reduction in the malaria burden. A combined set of locally adapted



interventions should be used because the cycle of malaria transmission is com-
posed of many components that vary greatly from place to place. This package
of interventions includes use of insecticide-treated bednets; application of
indoor residual spraying; early diagnosis of clinical infections; treatment with
effective antimalarials; intermittent preventive treatment of pregnant women;
management of the environment; increased health education and awareness;
epidemic forecasting; early detection and control; and improved monitoring
and surveillance systems and evaluation of program implementation. The
Working Group on Malaria endorses the Quick Wins initiative described in
the UN Millennium Project’s (2005) Investing in Development, which recom-
mends immediate scale-up of high impact interventions that do not require
complex infrastructure to implement. Among these Quick Wins is the rec-
ommendation that insecticide-treated bednets be distributed to all children
in malaria-endemic areas by 2007. Because of the tremendous potential to
save lives, especially in Sub-Saharan Africa, the working group believes that
the target of 100 percent insecticide-treated bednet coverage among children
should be an urgent international priority. In addition, intersectoral activities
such as housing improvement, agricultural modification, water resource devel-
opment, and road construction should complement these malaria-directed

interventions.

8. Scale up malaria control efforts to national level

At present, malaria control efforts are conducted as relatively small proj-
ects with limited coverage and scope. Because they tend to be fragmented
and uncoordinated, these efforts have had little impact on the resurgence
of malaria. Improving efficiency and use by expanding primary healthcare
services and eliminating constraints and inadequacies are required. Control
efforts should be intensified and coverage extended to include all malaria-
endemic sites globally. Community-based interventions should constitute an
important element in the universal strategy. Ministries of health need major
donor support to scale up investments in general health systems improvement
and malaria control to achieve the health-related Millennium Development

Goals.

9. Promote social and economic development

Although the main objective is to reduce malaria-related mortality and mor-
bidity, antimalarial intervention strategies should also promote social and
economic development. Sustainability requires strategies designed to elimi-
nate transmission in those sites that potentially generate wealth or that may
promote social development. Wealth-generating sites include those that are
devoted to tourism, mining, and manufacturing industries, as well as port
facilities. Social development is promoted in schools and administrative

centers.



10. Incorporate malaria prevention and treatment approaches
into school curricula

Instruction devoted to appropriate malaria-related material should be incor-
porated into the curricula of health-related schools (those devoted to medi-
cine, nursing, or sanitation) as well as schools devoted to agriculture, water
resources, and civil engineering. Such material should also be included in pri-
mary, secondary, and vocational schools.

11. Develop surveillance systems for early detection of malaria
epidemics

The increasing trend of large-scale malaria epidemics in the world requires
the development of improved methods for epidemic forecasting, prevention,
and early detection. Development of malaria surveillance systems is crucial
for epidemic preparedness and effective response in epidemic-prone areas.
Multisectoral approaches reinforce effective development of early warning sys-
tems and should be supported.

12. Promote partnerships for malaria control
Existing malaria partnerships link ministries of health with representatives of
UN and donor agencies but provide limited opportunity for participation by
other governmental sectors. Civil society, faith-based organizations, and the pri-
vate sector are generally not included. Country-level partnerships should, there-
fore, include these nontraditional members, and the activities of these partner
groups should be conducted under government ownership and leadership.
While some countries have set goals and targets in line with the health-
related Millennium Development Goals, they are unlikely to achieve them on
their own unless there is massive and sustained increase in development assis-
tance from developed countries in order to help build national capacity for the

successful large-scale implementation of programs in affected countries.

13. Secure affordable access to the latest medical and
therapeutic discoveries

Development of sound policies to address the threat to health security due to
the sharp increase in the prices of medicines and other commodities is required.
To protect the poor nations from such a threat, such policies should envision
a national patent regime to secure affordable access to the latest medical and
therapeutic discoveries. Commitment is also required from the international
community to alleviate the restrictive features of TRIPS in its application to
the health sector.

14. Invest in research and development on malaria control tools
Safe and affordable antimalarial medicines for case management, as well as
other medicines suitable for long-term prophylactic use or for intermittent



preventive treatment of pregnant women and their young children, are lacking.
Because P. falciparum is increasingly losing its susceptibility to chloroquine
and SP, such effective therapies as those based on artemisinin (that is, ACTs)
or other novel effective antimalarials recommended by WHO should be made
available for treating uncomplicated malaria. Strong financial support will be
required for developing and testing new antimalarial medicines. Large-scale
cultivation in Africa of the plant that is the source of artemisinin, Artemisia
annua (annual wormwood) and a process for safely extracting and formulating
the active ingredient should be supported and subsidized.

Development of new or improved diagnostic methods that are simple, reli-
able, and readily applicable in the field should be supported.

The availability of antimalarial vaccines is long overdue; vaccines suitable
for use by long-term residents of endemic sites and others for use by transient
residents are required.

Antivector methods effective against adult as well as larval mosquitoes
should be improved, and new classes of insecticides developed.

Basic and operational research should be conducted for malaria epidemic
forecasting, prevention, early detection, and rapid response.



Estimated costs of
scaled-up malaria control
efforts in Ethiopia, 2005-15
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Table Al1.1

Population at risk for malaria by weight group in Ethiopia, 2005-15
Millions

Source: Center for National Health Development in Ethiopia 2004.

Share of total

population
Description (percent) 2005 2006 2007 2008
Total population 100 73.0 75.1 77.2 77.4
Population at risk for malaria 68 49.7 51.1 52.5 52.6

Weight group (percentage of population at risk)

5-<10 kg (1.9 percent) 2 0.9 1.0 1.0 1.0
10-<15 kg (6.8 percent) 7 3.4 3.5 3.6 3.6
15-<25 kg (16 percent) 16 7.9 8.2 8.4 8.4
25-<34 kg (8.3 percent) 8 4.1 4.2 4.4 4.4

=34 kg (67 percent) 67 33.3 342 352 353
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3.8

8.9
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37.1

2010

83.5

56.8

1.1
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2011

58.4
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4.0

9.3

4.8

39.1

2012

89.3

60.7

1.2

4.1
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5.0
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2013
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1.2

4.2
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41.8

2014

94.5
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1.2
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5.3

43.1

2015

66.1

1.3

4.5
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Table A1.12

Underlying
assumptions

for calculating
requirements for
malaria prevention
and control in Ethiopia
(organized by table)
Source: Center for National

Health Development
in Ethiopia 2004.

Description
Administrative divisions

Malarious districts

Assumption Unit or value
11 regional states and 606 districts

453 out of 606 (74.5 percent)

Underlying assumptions for table A1.1—Population

Population

Population at risk for malaria

Objective of malaria control in Ethiopia

Population growth

Population by age and weight category
5-<10 kg (1.9 percent)

10-<15 kg (6.8 percent)

15-<25 kg (16 percent)

25-<34 kg (8.3 percent)

=34 kg (67 percent)

Taken from projection based on 71,133,749
1994 census, starting in 2004
68 percent of the total 48,370,949

population starting in 2004

Reduce malaria burden by half by 2010
and by a further 50 percent by 2015

3 percent per year
Age

0-<1 year

1-<3 years
3-<10 years
10-<15 years

=15 years

Underlying assumptions for table A1.2—Number of fever episodes and malaria cases

Number of fever episodes per year
per person by age category

5-<10 kg (1.9 percent)
10-<15 kg (6.8 percent)
15-<25 kg (16 percent)
25-<34 kg (8.3 percent)
=34 kg (67 percent)

Total number of fever episodes per
year in the population at risk

Proportion of fever episodes
attributable to malaria

Proportion of P. falciparum malaria
Proportion of P. vivax malaria

Yearly reduction of fever
morbidity as malaria treatment
and prevention improves

2 episodes
2 episodes
1.5 episodes
1 episodes
0.3 episodes

30 percent of all population at risk

40 percent of all febrile episodes

70 percent of all malaria cases
30 percent of all malaria cases

10 percent less of the population at
risk during the preceding year plus the
added population at risk in that year

Underlying assumptions for table A1.3—Antimalarial drugs and case management

Unit price for full treatment doses
of artemther-lumefantrine per case
of uncomplicated P. falciparum
malaria by age and weight

5-<10 kg (1.9 percent)

10-<15 kg (6.8 percent)

15-<25 kg (16 percent)

25-<34 kg (8.3 percent)

=34 kg (67 percent)

6 tablets/case $0.90
per case
6 tablets/case $0.90
per case
12 tablets/case $1.40
per case
18 tablets/case $1.90
per case
24 tablets/case $2.40
per case

(continued on next page)



Table A1.12

Underlying
assumptions

for calculating
requirements for
malaria prevention
and control in Ethiopia
(organized by table)
(continued)

Description

Unit price for full treatment doses of
chloroquine per case of uncomplicated
P. vivax malaria by age and weight

5-<10 kg (1.9 percent)

10-<15 kg (6.8 percent)

15-<25 kg (16 percent)

25-<34 kg (8.3 percent)

=34 kg (67 percent)

Unit cost of chloroquine syrup
for treatment of P. vivax malaria
cases under age five (17 percent
of all vivax malaria cases)

Unit cost of premaquine for radical
treatment of P. vivax malaria
cases over age five (83 percent

of all vivax malaria cases)

Percentage of severe malaria cases

Assumption

4 tablets/case

4 tablets/case

8 tablets/case

10 tablets/case

10 tablets/case

32.5 ml/case

14 tablets/case
(1 tablet/day for 14 days)

3 percent of P. falciparum cases

Underlying assumptions for table A1.4—Treatment for severe malaria

Unit cost per full treatment of severe
malaria case using quinine 300 mg
base (6 ampules per day for 3 days)

Unit cost of follow-up treatment for
severe malaria case using quinine 300
mg tablets (3 tablets per day for 7 days)

Cost of hospitalization
for severe malaria

Underlying assumptions for table A1.5—Intermittent preventive treatment of malaria

Total female population in high-
transmission area (this changes
every year proportional to population
growth, that is, by 3 percent)

Proportion of women at childbearing
age in stable (high) transmission areas

Percent of pregnant women to
receive two doses of intermittent
preventive treatment with
sulphadoxine-pyrimethamine

Percentage of those pregnant who may
be HIV positive to receive a monthly
dose of sulphadoxine-pyrimethamine

Box of 100 ampules ($13)
18 ampules/case

Tin of 1,000 tablets ($30)
21 ampules/case

2,500,000 in 2005

44 percent

5 percent

5 percent

Underlying assumptions for table A1.5—Diagnosis

Proportion of cases to be diagnosed at
health services with laboratory facilities

Microscopes provided to hospitals
and district health centers

Rapid diagnostic tests to be used at
peripheral health facilities where there is
no microscopy and at the community level

30 percent of cases

3 microscopes/district

70 percent of clinical episodes

Unit or value

$0.036/
case

$0.036/
case

$0.072/
case

$0.090/
case

$0.090/
case

$0.05/case

$0.182/
case

$2.34/case

$0.63/case

$30/case

$0.40/case
diagnosed

$2,120/
microscope

$0.61/rapid
diagnostic
test kit



Table A1.12

Underlying
assumptions

for calculating
requirements for
malaria prevention
and control in Ethiopia
(organized by table)
(continued)

Description

Assumption Unit or value

Underlying assumptions for table A1.6—Long-lasting insecticidal bednets

Long-lasting insecticidal bednets

Cost of handling and distribution of
long-lasting insecticidal bednets

All future bednets will be long-
lasting insecticidal bednets

Target to scale up insecticide-treated
bednets

At-risk population eligible for
insecticide-treated bednets

Coverage for following year

Total number of households

Long-lasting insecticidal
bednets per household

Frequency of replacement of long-
lasting insecticide-treated bednets

$5/net
$2/net

Increase from a target of 45 percent
coverage with insecticide-treated
bednets in 2005 to 100 percent
coverage by 2007 and maintain 100
percent coverage until 2015 for all
people living in malarious areas

30 percent of at-risk population

Those without insecticide-treated
bednets in preceding year plus
new population at risk added
because of population growth

Total population at risk divided by 5

3 long-lasting insecticidal
bednets per household

Replacement every four years (bednets
distributed in 2004 will be replaced

by 2008, bednets of 2005 will be
replaced by 2009, and so on)

Underlying assumptions for table A1.6—Indoor residual spraying and larviciding

Total price of insecticide

Cost of indoor residual spraying is fully

covered by the government; however,
because of financial constraints,
coverage with indoor residual
spraying is limited to only about 25
percent of epidemic-prone areas

At-risk population protected by
indoor residual spraying

Number of households to be sprayed

Sprayable surface area per
household

Amount of insecticide (DDT) required

Indoor residual spraying cycle

One spray person sprays
360 units in one cycle

Total spray persons needed

Total spray days

$5/kg of
insecticide

60 percent of at-risk population

Total population at risk eligible for
indoor residual spraying, divided by 5

About 120 m? on average

Total surface area to be sprayed
multiplied by required standard
dosage of 2.67 gm/m? with

10 percent safety margins

30 working days/year
At 12 unit structures/day

Total number of unit structures targeted
to be sprayed divided by an output of
one spray person (12 unit structures
per person per day x 30 working days)

46 days (30 working days + 10 market
and Sundays + 6 training days)



Table A1.12

Underlying
assumptions

for calculating
requirements for
malaria prevention
and control in Ethiopia
(organized by table)
(continued)

Description Assumption

Personnel 5-person squads of spray people
One spray team 5 squads per team

Field equipment such as One tent for each squad, team
tents and fly tents leader, and supervisor and

multiplied by total number of
squads, teams, and supervisors

Safety protection materials such as
coveralls, huts, hand gloves, goggles,
buckets, soap, and so on, calculated
for each spray person, squad chief,
team leader, and supervisor

Underlying assumptions for table A1.8—Health extension package
and refresher training of existing health workers

A total of 30,000 health extension
workers will receive training for 8
days on malaria prevention and
control through 2009; thereafter,
through 2015, an estimated
1,000 health extension workers
will be trained each year

A total of 150,000 community health
workers and community health
promoters will receive training for 8
days on malaria prevention and control
through 2009; thereafter, through
2015, an estimated 5,000 community
health workers and community health
promoters will be trained each year

Provision of one motorcycle to

each health extension worker is
assumed through 2009; thereafter,

a replacement for 25 percent of the
motorcycles is assumed through 2015.

Health extension workers, community
health workers, and community health
promoters are first-level service
providers at community level

Two health extension workers, 5
community health workers, and 5
community health promoters would be
assigned for a village of 5,000 people

Underlying assumptions for table A1.10—Program management

Two trucks and three pickups per
district are required to transport
spray equipment, insecticide
supervisory personnel, and so on

15 percent spare parts

and maintenance and 25
percent replenishment is
considered every 5 years

Unit or value

$10/day

$10/day

$5,000/
motorcycle



Chapter 1

1. Transmitted from person to person through the bite of a female Anopheles mos-
quito, malaria is an infection of red blood cells in human populations caused by protozoa
of the genus Plasmodium. Four species of Plasmodium infect humans: Plasmodium falci-
parum, P. vivax, P. malariae, and P. ovale. Of these four species, P. falciparum infection is
the main cause of mortality from malaria throughout the tropics and subtropics, especially
in tropical Africa (Snow and Gilles 2002). Only about 10-20 percent of the world’s cases
of P. vivax infection occur in Africa, south of the Sahara, with significantly low incidences
across the central belt of this continent due to the Duffy negative trait (Mendis and others
2001).

2. The other founding partners of Roll Back Malaria include the World Bank, the
United Nations Children’s Fund, and the United Nations Development Programme. Since
its inception, more than 90 multilateral, bilateral, nongovernmental, and private sector
organizations have become actively engaged with the initiative.

3. All dollar amounts are U.S. dollars unless otherwise indicated.

Chapter 2

1. Trape and his colleagues (1998) reported that the emergence and development of
chloroquine resistance resulted in a 2.1- to 5.5-fold increase in mortality risk among chil-
dren 0-9 years old in several populations in the Sahel.

Chapter 4

1. HRP2 is a water soluble protein produced by asexual stages and young gametocytes
of P. falciparum.

2. pLDH is a soluble glycolytic enzyme produced by sexual and asexual states of all
four Plasmodium parasites infecting humans.

Chapter 5
1. See www.INDEPTH-Network.net for full inventory of sites.



Chapter 7
1. See www.transparency.org/ for further information.
2. For further details on the Equator Principles see www.equator-principles.com/.
3. These are available at www.theglobalfund.org/.

Chapter 8

1. See www.measuredhs.com for further information.
2. See www.childinfo.org for further information.

Chapter 9

1. See www.ipti-malaria.org for further information.

2. Sporozoite is the parasite stage that is transmitted from mosquitoes to people.

3. Merozoite is the parasite stage that is initially released from the infected liver cell
and rapidly invades and replicates in circulating red blood cells.
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