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Malaria Burden and I nterventions

SUMMARY

This paper reviews evidence on the burden of malaria, presents evidence of effectiveness and cost-
effectiveness of priority interventions, and briefly describes some of the key constraints which need
to be overcome in order to obtain areal impact in malaria control. Malaria remains the leading cause
of death in children under five in Africa, and is a mgjor economic burden in all malaria endemic
areas of theworld. As part of Roll Back Malaria new efforts to quantify malaria burden should
provide evidence of progressin control. Thereis good evidence that appropriately applied priority
interventions can reduce morbidity and mortality. While evidence is strong for case management,
use of insecticide-treated nets and intermittent treatment for pregnant women, further information is
needed on indoor residual spraying in different operational settings and epidemic control. Evidence
of the effectiveness of support interventions such as human resource development, information,
education and communication, surveillance and operational research exists, but is patchy and related

to delivery approaches.

Many of the constraints to better malaria control are not specific to malaria, and need to be addressed
through comprehensive strategies. Examples of successful interventions show that longterm
increased investment both by countries, for example through new debt relief opportunities, and by
the international funding community has a good probability of high returns in reduction of mortality
and disease. Priorities for investment for long term progress are human resource devel opment,
systems to improve access to quality care in facilities and the community and development of

effective affordable antimalarias.
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1 INTRODUCTION

The purpose of this paper is to review what is known of the burden of malaria and to describe
priority interventions based on knowledge of what is effective or not, citing evidence whereit is
available. The paper also summarises the conclusions of recent cost-effectiveness studies of malaria
control interventions. It provides data on existing coverage levels of interventions, and comments on

constraints to scaling up the interventions.

2 BURDEN OF MALARIA

I ntroduction

Human malariais a disease caused by a protozoal parasite of the genus Plasmodium and transmitted
by mosqguitoes of the genus Anopheles. Its main symptom is fever. Depending on factors including
level of immunity, species of parasite and access to prompt and appropriate treatment, Some cases
develop severe disease and complications, and many of these will die without appropriate treatment.
Of the four species of Plasmodium infecting humans the two most common are P. falciparum and P.
vivax. P. falciparum is responsible for amost al malaria deaths and is widely distributed in tropical
regions, whilst P. vivax is rarely fatal, but has a wider geographical distribution in tropical,

subtropical and some temperate areas (1). General accounts of malariainclude (2) and (3).

Good estimates of the mortality, morbidity and economic loss caused by malaria relative to other
health and non-health problems are essential for decisions on health care provision and financing at
al levels, from household to international. Clearly presented data on the extent of the problem are
an important advocacy tool for raising resources. Ability to measure change in burden by time and

place is essential for planning, monitoring and evaluation of malaria control efforts.
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Methodological issuesin estimating malaria burden

The pressure to have better estimates of morbidity and mortality has increased in response to
increased global attention to malaria. The Roll Back Malaria initiative has set an ambitious target of
halving the malaria burden by 2010. In order to track progress towards this target reliable estimates
are needed. WHO has developed a set of key indicators for monitoring and evaluation of Roll Back

Malaria, and aims to use a combination of the methods below to refine estimates of malaria burden

(4).

Numerous efforts have been made to collect data on malaria burden, but much of the information is
known to be very incomplete. Most estimates of morbidity and mortality derive from health facility
data. The datafrom many health information systems are of limited accuracy, but also these

estimates miss the high proportion of malaria cases which do not occur in the public health system.

There have been two comprehensive attempts to estimate burden of malariarecently (5, 6). Ngera
and Hemped (5) discuss in detail the methodologies used in developing past estimates, which varied
greetly in different geographical areas. Outside of Africathere was much reliance on records of
microscopically confirmed cases, but these missed many clinically diagnosed cases and cases treated
outside the public sector, particularly in the more remote areas, which in areas such as Southeast
Asia have the highest transmission. In much of Africa microscopy is not possible, and most cases
are diagnosed clinically at home or in health centres. In areas of high transmission detecting
presence of parasitesis of limited utility, where parasite prevalence rates are extremely high and
often not associated with illness. Earlier estimates of morbidity were based on extrapolation from
point parasitaemia prevalence surveys. Following the adoption of the global malaria control strategy

in 1992 with its focus on case management, WHO attempted to estimate number of clinical attacks.
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Snow et al.'s (6) estimates of malaria morbidity and mortality were based on the epidemiological
associations between climate and the likelihood of stable P. falciparum transmission, empirical
survey-derived estimates of disease risks linked to epidemiological features of acquired immunity

and interpolated models of population distribution in Africain 1995.

DeSavigny (7) describes the new opportunities through better information technology to measure
burden of disease at a sufficiently local level to be useful for planning. He analyses the limitations of
conventional sources of information including the biases and low quality of routine health services
data, the lack of district specificity and contemporary relevance of Demographic and Health Survey
data and the patchiness and low coverage of survey and research trial data. Two promising new
approaches are spatial and environmental information systems, including use of geographic
information systems to map populations at risk and health services (eg HealthMap at WHO) and use
of satellite remote sensing data for epidemic prediction (MALSAT, NASA and MARA/ARMA).
The MARA/ARMA collaboration is developing a continent-wide, spatial database of all malaria
indices relevant to malaria burden in Africa (8, 9, 10). A second promising source of information is
the network of Sentinel Demographic Surveillance Systems (INDEPTH), which can measure

community-based burden of disease and trends.

There are two phenomena which complicate the quantification of malaria mortality (11, 12). The
firgt isindirect malaria mortality, where more than one cause is responsible for a death, and maaria
contributes to a death classified as due to other causes. Thisis revealed when malaria control results
in areduction in deaths greater than would be expected from preventing malaria deaths. This was
noted in Guyana (13) and Sri Lanka (11) and in the trials of insecticide-treated nets in The Gambia
and Ghana (14, 15). In Kenya, however, it was noted that there was a 41% reduction in paediatric
admissions for malaria but no reduction in non-malaria admissions (16). The second phenomenon is

competing risks when a major reduction in malaria mortality leads to a lower than expected
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reduction in total mortality in infants and young children, as noted in the Garki project in Nigeria

(17) and in the Gambia (18) suggesting that children saved from malaria died of other causes.

Morbidity

According to current WHO estimates (19) about 100 countries or territories in the world are malaria
endemic, almost half of which are in sub-Saharan Africa. This has decreased from 140 in the mid-
1950s, but more than 2400 million of the world’s population are still at risk. The incidence rate of
malaria worldwide is estimated to be 300 to 500 million clinical cases each year, with about 90% of
these occurring in Africa, south of the Sahara. Most of these cases are caused by Plasmodium
falciparum. The same estimates were used for 1991 to 1993 (5) and for 1994 (20). Snow et al (6)
estimated over 200 million clinical attacks for 1995 in sub-Saharan Africa. It has been estimated that
in 1995-1996 about 3 to 5 % of the clinical cases in Africawere due to P. vivax (about 6 to 15
million cases), whilst P. vivax accounted for about 56% of cases outside Africa (60 to 70 million
cases) (1). A recent review (21) argues that the burden of malaria has probably often been
underestimated, particularly because of the small percentage of cases using formal health services,
and suggests that there may be 400 to 900 million febrile episodes per year in children under fivein
Africa, of which about half may be malaria (200 to 450 million). Worldwide, over 2 billion febrile

episodes may occur annually in all age groups of which a substantial proportion may be malaria.

Geographical variation in incidence rate of infection, disease and death is great. Even within sub-
Saharan Africa there is wide variability with lower incidence in Southern Africa and in highland
areas than elesawhere in the region. Variable incidence of infection relates to variability of
transmission rate by mosqguitoes, which is determined by ecological factors (temperature, humidity,
presence of breeding sites) and effectiveness of vector control where applied. Levels of transmission

in turn affect the development of immunity which affects severity of disease, mortality rates and age
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distribution patterns with most severe disease and death in young children where transmission is
high. Severe disease risk and case fatality rates are also affected by access to prompt and appropriate

treatment. The wide variation in population at risk of malaria by country is shown in WHO (22).

Actua numbers of cases reported by Ministries of Health through WHO offices in the 1990s were 8
to 27 times lower than the estimates. Table 1 shows the numbers reported to WHO headquarters
each five years from 1982 to 1997 by continent. These figures are recognised to be gross
underestimates and inaccurate, since there are inconsistencies of reporting, most countries only
report cases in government health services, and many countries only report laboratory confirmed

cases. They are, however, the only attempt to count global numbers directly.

In addition to acute febrile illness malaria has arange of other manifestations. Some cases develop
into severe disease, of which common manifestations are cerebral malaria(23), anaemia,
hypoglycaemia and metabolic acidosis presenting as respiratory distress. The proportion of cases
becoming severe has been estimated at around 2% in one study (24). Maariamay have chronic
effects including anaemia (25), (26), neurological (27), cognitive (28) and developmental effects.
Snow et al. (6) estimated that 5.6% of children surviving cerebral malariafrom Africa had
neurological sequelae persisting at least 6 months. They also noted that the severe anaemia caused
by malaria in young children often requires blood transfusion with associated risks of HIV infection.
The incidence of some of the commoner manifestations in African children is reviewed in (29), and
the estimates in this review are summarised in Table 2. The morbidity burden due to P. vivax is
discussed in (1). The pathophysiology and epidemiology of malaria related anaemia are described in
(30). A review of evidence of the impact of P. falciparum malaria on performance and learning (31)
suggests that malariain childhood is likely to have effects on general cognitive and behavioural
development, but that more research is needed to quantify this burden. Several papers suggest some

correlation of malaria infection and nutrition. For example, protein-energy malnutrition appears to
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be associated with greater malaria morbidity and mortality, and vitamin A and zinc supplementation
can reduce clinical malaria attacks. [ron supplementation may slightly aggravate malaria, but

strongly improves haematological status (32).

The pattern of severe disease in non-immune adults is different from that in children with cough,
hypoglycaemia and neurological sequelae of cerebral malaria being less common and jaundice,

pulmonary oedema and renal failure more common (33).

Mortality

For children under five years in the WHO African region, malariais the leading cause of death (34).
Table 3 shows that malaria ranked globally as the fifth most common cause of death (all ages
combined) due to communicable diseases in 1999 after respiratory infections, HIV/AIDS, diarrhoea
and tuberculosis. It ranked third in the WHO African region, sixth in the Eastern Mediterranean,
eighth in the Southeast Asia and the Western Pacific regions, eleventh in Europe and twelfth in the
Americas. These estimates used a refinement of the methods of Murray and Lopez (35) to calculate

the global burden of disease.

WHO estimates that malaria kills between 1.1 and 2.7 million people worldwide each year (19), of
whom about 1 million are children under the age of 5 yearsin Africa, south of the Sahara. The
WHO global estimate for 1992 to 1993 was 1.5 to 2.7 million deaths (5). Ngjera and Hempel (5)
estimate a total of 895,000 deaths per year in the early 1990s in Africaand 1 million worldwide.
Snow et a. (6) estimated just under 1 million deaths in the non-pregnant population in sub-Saharan
Africawith about 766,000 deaths in children under five years. Breman (21) and Murphy and
Breman (29) suggest that earlier figures may be highly underestimated, as not all manifestations of

malaria are taken into account.

Malaria Burden and Interventions page 10



Childhood malaria deaths, resulting mainly from severe anaemia, hypoglycaemia, cerebral malaria
and metabolic acidosis presenting as respiratory distress (29, 33, 36, 37), constitute nearly 25% of
child mortality in Africa (19). Case fatality rates of 10-30% are reported in children referred to
hospital with severe malaria (19). Table 2 shows the case fatality rates and numbers of deaths due to
different manifestations of malariain African children. In highly endemic areas malariais

considered to be the main cause of severe anaemia-related death in children (38).

While most severe disease and deaths in sub-Saharan Africa are in young children before they
acquire immunity, deaths from malariain countries outside Africa, south of the Sahara, occur mainly
in non-immune people of al age groups who become infected with P. falciparum in areas where
diagnosis and treatment are inadequate. High risk groups are often related to occupation. P. vivax is
rarely adirect cause of mortality, but may have been responsible for a significant burden of mortality
in the past, for instance in England and in Sri Lanka, possibly through interaction with other

conditions (1).

Health burden in pregnant women

Pregnant women are more susceptible to malaria infection than non-pregnant women due to altered
levels of immunity. Malaria affects both the mother and the foetus. Effects on the mother include
anaemia, placental infection and increased mortality due to severe maaria. Effects on the foetus
include increased risk of abortion, foetal death, low birth weight (LBW) due to intrauterine growth
retardation and premature birth, and congenital infection. Low birth weight is the single greatest risk
factor for neonatal mortality and early infant mortality, mortality in low birth weight infants being
four times higher than in normal birth weight infants (39, 40). In Malawi, where malaria
transmission is stable, LBW contributes 80% of all neonatal deaths and 37.8% of infant mortality
(41). A recent review estimated that each year 75,000 to 200,000 infant deaths are associated with

malaria infection in pregnancy (42).
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In Africa, at least 24 million pregnancies are threatened by malaria each year (43). The clinical
features of Plasmodium falciparum maternal infection depend on transmission levels. In areas of
high to moderate transmission (which include the majority of sub-Saharan Africa) adults develop a
high level of immunity but thisis altered in pregnancy. Maternal malaria infection is frequently
asymptomatic but is associated with anaemia, which is most severe in the first pregnancy and
decreases in subsequent pregnancies. A recent study in Papua New Guinea has shown that malaria
was associated with over half of all LBW babies born to first pregnancies (44). Studiesin The
Gambia have shown that maternal chemoprophylaxis reduced the prevalence of LBW among the
babies of primigravidae from 22% to 6% and of multigravidae, from 5% to 3% (45). Similarly,
maternal chemoprophylaxis reduced mortality in the first year of life by one fifth among the children
of primigravidae and by about 4% among children of multigravidae (46). The effects on neonatal
mortality are likely to be even more marked. P. vivax has also been associated with anaemia and

LBW among pregnant women and their babies in Thailand (47).

In areas of low transmission or epidemic malaria, where women have little or no immunity, malaria
infection in pregnancy is associated with severe disease (symptoms may include hyperpyrexia,
hypoglycaemia, severe haemolytic anaemia, cerebral malaria and pulmonary oedema) and very high
risks of maternal and perinatal mortality. The risk of maternal and perinatal mortality is high in all
pregnancies. HIV infected pregnant women of al parities have been found to have increased maaria
parasite prevalence and density due to impairment of parity-specific immunity to malaria (48), and
are therefore at greater risk of increased parasitaemia, severe disease including anaemia, and death.

Infants of HIV infected women are therefore also at increased risk of death.

Malariais estimated to cause up to 15% of maternal anaemiain Africa and 35% of preventable low
birth weight babies (43). A recent review of the evidence on the coincidental risks of malaria and

anaemiain Africa estimated that as many as 400,000 pregnant women may have developed severe
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anaemia as a result of infection with malariain sub-Saharan Africain 1995 (49). A study in Kenya
showing that intermittent presumptive therapy in primigravidae reduced severe anaemia by 39%
illustrates that malaria is indeed an important cause of severe anaemiain malaria endemic countries
(50). In holoendemic areas with a 5% severe anaemia prevalence, malaria is estimated to account for
approximately 18% of severe anaemiarelated deaths in primigravidae (51); the rest are due to
nutritional deficiencies (mainly iron, folate, vitamin A and vitamin B12 deficiencies) or HIV

infection.

Changesin Burden of Malaria

In several malarious areas outside Africa there have been major reductions in mortality through the
twentieth century. In the last ten years, for example, Vietnam, Thailand, China and Cambodia have
shown a dramatic decrease in mortality. In Vietham malaria mortality decreased dramatically by
50% from 1992 to 1996, and morbidity decreased by 20-30%. While incidence is now similar to the
early 1980s when indoor residual spraying was the only vector control measure used, mortality rates
are lower than ever before, possibly associated with wide access to artemisinin derivatives
(52).Following years of conflict malaria control programmes have developed quickly in Vietnam and
Cambodia, in addition to which the forest habitat of the vectors has diminished. Decreases in the mid
twentieth century were often attributable to the global malaria eradication campaign, particularly in
Indiaand Latin America. In sub-Saharan Africa, however, the numbers of deaths are increasing (6,
53, 54, 55,56). Reasons for increasing mortality are likely to be complex, and may include
combinations of deterioration in health systems where utilisation has in some cases decreased
because of user fees, increasing drug resistance (57, 58, 59, 60, 61), climate change with increasing
frequency and extent of epidemicsin the East African highlands and changed rainfall patternsin
southern Africa and large-scale popul ation movements and complex emergencies (for instance,

extremely high mortality rates were recorded in Eastern Democratic Republic of Congo in 2000).
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Severa countries in sub-Saharan Africa are suffering increased malaria burden due to political
conflict, details of which can be found in country profiles on the RBM website (www.rbm.who.int).
Conflicts may lead to high exposure of non-immune populations, when they flee from areas of low to
high transmission, such as the highland population from Rwanda fleeing to Tanzania in the 1990s.
Displaced populations (particularly internally displaced people, who stay in their own country) often
have limited access to health services. In countries with long-term conflicts, such as Angola,
Somalia and Sudan, only a small proportion of the population may have any access to Government

hedlth facilities (30% in Angola, 62).

Trends in childhood mortality from al causes are reviewed in (63), (64) and (65), showing aslowing
decline in childhood mortality in the 1990s in most regions and an actual increase in southern Africa,

where HIV prevaence is high.

Najeraet al. (66) explored patterns of change in malaria since the mid 1960s, and noted groups of
countries as follows:. those where malaria has declined had relative socia stability and
socioeconomic development, those with marked increases in certain areas were characterised by
increased exploitation of natural resources or sociopolitical unrest. Others showed oscillating
incidence with little overal trend, and the last group had suffered short but major epidemics. The
striking point here is that many of the factors influencing change were not related to malaria control
intervention strategies, but quality and quantity of implementation would be affected by the social

and economic factors.

Climate change has been shown to shift the distribution of some insect species, but thereis so far a
lack of strong evidence of the impact of climate change on malaria (67, 68). New approaches to
monitoring are needed. As climate is an important limiting factor of mosquito distribution, changes

would be expected. While an apparent increase in epidemics in highland areas suggests an effect of
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climate changes, the effects of altitude are complicated, and an important factor is lack of breeding
sites. While an increase in malaria and temperature were noted in Ethiopian highlands, there were
confounding factors such as reduced house spraying and increased chloroquine resistance. Thereis
some evidence that malaria has decreased in association with decreased annual rainfall in countries

just south of the Sahara desert.

There has been much debate in recent years on the effects of reducing malaria transmission on long-
term burden of malariain Africa. Carme (69), Snow and Marsh (70, 71), Snow et al. (72), Trape and
Rogier (73) al suggested that malaria transmission control may not reduce overall mortality rates, as
children in areas of higher transmission develop immunity earlier than those in areas of lower
transmission. The clinical characteristics of severe malaria tend to be different under different levels
of transmission with less cerebral malaria and more severe anaemia in areas of higher transmission
(74). Molineaux (75) suggested that the long-term impact on all-cause mortality of reducing

exposure to maaria is still likely to be beneficial, if indirect malaria mortality is important.

Rapidly increasing urbanisation may have an important influence on malaria burden in Africa. It has
been estimated that in 2000 43% of the population of sub-Saharan Africa were living in urban areas.
Whilst malaria transmission tends to be lower in developed urban centres than rural areas, thereis
considerable transmission in densely populated fast growing peri-urban areas (76). Malaria
transmission in some Indian cities has increased. Urbanisation can also affect risk of disease, as

people in areas of lower transmission develop less immunity.

The escalating burden of HIV infection in Africa has important implications for malaria burden.
Evidence was very limited until recently of important interactions between malaria and HIV except
in pregnant women, where HIV positive women have been shown to have higher malaria

parasitaemia, and there is an association among placental parasitaemia, HIV and poor pregnancy

Malaria Burden and Interventions page 15



outcome. Appropriate recommendations for intermittent malaria treatment in pregnant women in
areas of high HIV prevaence may be affected. There is now good evidence from Uganda, however,
of increased susceptibility to malaria fever in HIV-infected adults in general, and there is an urgent
need for more data in children (77, 78). The recent increased malaria mortality and incidence
documented in Southern Africa coincides with increasing prevalence of HIV. In view of high
prevalence of HIV in children under five, severa countries in East and Southern Africa have now
included HIV algorithms into their adaptations of the Integrated Management of Childhood IlIness
training in order to identify suspected symptomatic HIV-positive children and offer them appropriate

counselling, testing and treatment.

Murray and Lopez (79) predict that malaria will fall from eleventh to twenty-ninth position in
ranking of causes of death globally between 1990 and 2020. This projection is based on assumptions
that socioeconomic development will decrease incidence and severity of communicable diseases, and
that research and development will guarantee the availability of drugs effective against resistant

strains.

Economic burden

Malariais a mgjor contributing cause of poverty in endemic areas. In 1997 an estimated US$1.8 to
$2 hillion was spent in Africa on both direct costs of malaria prevention and care, and on indirect
costs such as lost productivity and time costs (80) and this figure was projected to rise to US$3.6
billion or more by the end of 2000. More recent estimates suggested that the economic losses due to
malariain Africaare actually about US$ 12 hillion per year and the needs for malaria control have
been estimated to be about US$3 billion(81). In Ghana, average direct and indirect costs of treating
amalaria episode were US$8.67 (82), US$11.82 (in 1989) in Rwanda (83) and US$11.70 in Burkina

Faso (84). In urban Burkina Faso families were found to spend on average $42 on treatment and $33
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on prevention over the six months transmission season. This was nearly 5% of total family income
over the period (85). Inpatient treatment for severe malaria has been found to cost $35 per admission
in atypical Kenyan district hospital (86) compared to $1.10 for an outpatient visit in Malawi (87). In
Cameroon, malaria was found to account for 31 % of annual family illness expenditures and costs
(88), and an average of US$20 is spent annually by households on malaria costs in Malawi (89). In
some areas such as urban Tanzania most people claim to use domestic mosquito control products,
and many claim to use mosquito coils spend nightly, which would cost about US$1 per month (90).
Malaria has been estimated to be responsible for reductions in gross domestic product from 0.6% to
6% in African countries (91, 92). It has been estimated that, taking into account initial poverty,
economic policy, tropical location and life-expectancy, countries with intensive malaria had an
economic growth between 1965 and 1990 1.3% lower per person per year than countries without,

and that a 10% reduction in malaria was associated with 0.3% higher growth (93).

Further spread of drug resistance will result in higher costs to the health system and to families and
communities, as potential new first line antimalarials are 4 to 40 times more expensive per treatment

than currently recommended drugs.

Economic burden in pregnant women

There have been no analyses specifically addressing the economic burden of malariain pregnant
women. Direct costs of treating severe or complicated cases of malaria and malaria associated
severe anaemiain pregnant women are assumed to be high. Where the quality of antenatal care
services and/or access is poor, the outcome of malaria infection in pregnancy is likely to be poor. In

turn, materna death places a high economic burden on households (an indirect cost).
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3 SUMMARY OF RECENT DEVELOPMENTSIN GLOBAL STRATEGIES

Before reviewing the interventions which are currently considered to be priorities, it is useful to
consider how these were selected, and why the emphasis has changed over the last few decades.

Bradley (11) reviews the evolution of malaria control.

In the early part of the twentieth century, following incrimination of mosquitoes as the vectors of

malaria, there was great interest in environmental control to remove breeding sites (11, 94, 95).

1950s and 1960s

The first attempt to tackle malaria on a globally coordinated scale was the global malaria eradication
campaign of the 1950s and 1960s (96, 97, 98). In order to achieve the goa of eradication the
campaign aimed to end transmission by attacking the vectors and to eliminate the reservoir of
infection by attacking the parasites. It did not aim to eradicate the vectors. There was little interest in
treatment of individuals except as aform of transmission control. A time-limited campaign was

envisaged to be carried out with sufficient perfection to avoid resumption of transmission.

Much was achieved by the campaign, athough very little was done in Africa. By 1970 it had freed
727 million people from the risk of malaria (53% of those at risk before the programme).
Eradication was achieved in large parts of North America, Southern Europe, the former Soviet
Union, the Middle East and parts of Asiaand South America. The progress in eradication saved
many lives, and contributed to economic development in Asia, South and Southeast Europe and the
Americas, and in India also reduced the prevalence of leishmaniasis and plague. It also stimulated
the training of thousands of health workers, who became a significant part of general health services

(96). Following the conversion to control in 1969 the situation deteriorated especially in southern
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Asig, Latin America and Southeast Turkey. The number of reported cases doubled from 1974 to

1977.

Important lessons from the campaign apply to future malaria control efforts. Sustainability was
limited due to: reliance on a single tool (resistance developed to DDT in some areas), difficultiesin
maintenance of quality of activities over extended periods (e.g. coverage of house spraying and
quality of active case detection when dlide positivity rates could be less than 1%), difficultiesin
maintaining faith and interest in the goa (by 1969 funding sources were already diminishing, as
funders moved to other priorities) and pace of efforts (the importance of taking time to build a solid

foundation for malaria control has been emphasised).

Many problems of malaria eradication have been attributed to inadequate planning. In particular, the
needs for health services adequate to carry out surveillance in the consolidation and maintenance
phases were often neglected. There was aso no exit strategy. The global malaria eradication
campaign was in existence for 14 years (1955 to 1969), but it was not until 1986 (99) that a true

replacement strategy was articulated.

Such programmes are dependent on long term commitment. For example, the Indian National
Malaria Eradication Programme (NMEP) was a gigantic effort, which initially achieved enormous
success with areduction of cases from an estimated 75 million in 1952 to 0.1 to 0.14 million in
1965-6, but progress was reversed in the latter part of the sixties leading to a peak of 6.47 million
casesin 1976. According to NMEP the major cause was sudden withdrawal of assistance without

consultation, especialy for insecticide purchase.

The attitude to the public of the expert committees and failure to gain public support and ownership

Is thought to have contributed significantly to failure of the campaign.
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1970s and 1980s
Following the end of this campaign, malaria control received little support for two decades, as there

was a perception that disease-specific approaches were ineffective.

1990s

In response to the major burden of malariain Africa and the concern of national authorities a Malaria
Control Strategy for Africawas formulated in 1987. Difficulties in implementation and continued
concerns of African countries expressed at WHO governing bodies led to the calling of the
Ministerial Conference on Maaria Control in Amsterdam in 1992, which adopted the Global Maaria
Control Strategy (100,101). The global strategy strongly emphasised case management through

early detection and prompt treatment as its priority.

In addition to support from the US Agency for International Development and the UK Department
for International Development (DFID) for strengthening capacity in the 1990s, WHO/AFRO
received US$9 million from the WHO Director General’s Special Fund for Accelerated
Implementation of Maaria Control in 1997 and a further US$9 million in 1998 (102). 34 countries
were supported under this scheme. Plans of Action of the targeted programmes were prepared in line
with the Regional Malaria Control Strategy, and the main components of the planned country
activities were: case management, community-based interventions, epidemic prevention and control,
vector control, strengthening health information systems, monitoring and evaluation, operational

research and programme support.

In June 1997 the Organisation of African Unity reviewed and endorsed the Global Malaria Control
Strategy, and issued the Harare Declaration on Malaria Prevention and Control, and also in 1997 an

African Initiative on Malaria Control (AIM) was developed by representatives of the World Bank,
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WHO, UNICEF, selected countries and other interested parties to intensify efforts to control malaria

with longer term commitment to the effort over 25 to 30 years (103).

In May 1998 the Summit of the Group of Eight industrialised countries agreed to support malaria
control as part of alarger plan to combat infectious and parasitic diseases. At the World Health
Assembly in May 1998 the newly elected WHO Director General proposed a magjor new movement
to develop global and local partnerships to halve the burden of malaria by 2010: Roll Back Malaria
(RBM) was launched in October 1998 by its four founding partners UNDP, UNICEF, World Bank
and WHO, and received substantial support from DFID. Bilateral spending from various countries on
malariain several countries has increased in recent years (98). External contributions to malaria
control are difficult to quantify, as some agencies increasingly provide unearmarked support to the

health sector which supports malaria control according to national prioritisation.

Thefirst decade of the 21% Century

Roll Back Malaria has been described as follows (104):

The RBM partnership includes governments, development agencies, commercial
organisations, professional associations, civil society, research groups and the media.
RBM partners have set a 10-year target to halve the world’s malaria burden by 2010. This
will be achieved by creating a socia movement that enables countries to take effective and
sustainabl e action against the disease.

RBM partners plan a massive, continuing attack on malaria. It aims to secure a 30-fold
expansion in the proportion of people who can get effective treatment, ideally within two
hours travel of the onset of symptoms, and in those who use treated mosquito nets. RBM

particularly seeks to help pregnant women at risk.
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RBM partners aim to achieve this by strengthening countries' health systems; mobilising
social movements to support local malaria control needs; evaluating results and monitoring
progress, and developing new tools.

Tracking the spread of drug resistance, improving access and use of quality anti-malarials and
careful selection of treatment regimes help reduce the malaria burden.

The Medicines for Maaria Venture aims to produce a new, affordable anti-malaria drug

every five years.

RBM has prioritised four actions (34), which it considers evidence-based:

Prompt treatment with effective drugs
Insecticide-treated materials and other vector control methods
Intermittent preventive treatment in pregnancy

Emergency and epidemic preparedness and response

The evidence base can be considered in two ways. Firstly, these interventions have been shown to
reduce morbidity and / or mortality if applied correctly, and secondly there is an ongoing need to
collect evidence on the components of these actions in particular environments and over time (choice

of drugs and insecticides, acceptability, accessibility and use by users and providers).

Progress in implementation of RBM in Africa up to September 2000 (i.e. in its second year) has been

summarised as follows (105):

In April 2000 a conference of African Heads of State met in Abujato adopt a strategy for

implementation of RBM (106). A key step was the development of the framework for RBM
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implementation in the African Region, which was adopted by the 50th Regional Committee meeting

held in Burkina Faso in August 2000. The framework stated that:

RBM builds on the foundation laid by the Accelerated |mplementation of Malaria Control
The goal is to reduce malaria burden to a level where it is no longer one of the magjor contributors

to mortality and morbidity

There are 8 pillars in the implementation strategy:

1

2.

ownership,

contributing to health sector reforms and socio-economic development activities,
integration of malaria control activities into primary health care,

increasing coverage of cost-effective interventions,

building and strengthening partnerships,

strengthening community participation,

strengthening health information systems and research

building and strengthening neighbouring countries’ collaboration

It was concluded that new elements in RBM were:

It is country specific and country driven

It islinked to health sector development and poverty alleviation

It aims to bring technical interventionsto scale

It focuses on development of multisectoral partnerships including opportunities such as

Integrated Management of Childhood IlIness (IMCI) and Bamako Initiative.

In other parts of the world the momentum of RBM has also increased. In particular an initiative in

Cambodia, Laos, Myanmar, Thailand, Vietnam and Y unnan Province, China, known as RBM
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Mekong with joint UNICEF/WHO support has developed aloca strategy. Thisregionis
characterised by forest malariain occupational risk groups and ethnic minorities, and malaria has
been a particular problem in migrant populations (work-related and conflict-related). The focus of
the strategies in the region is on appropriate treatment of multi-drug resistant falciparum malaria,
which in parts of Thailland and Cambodia, requires combination therapy with mefloguine and
artemisinin-derivatives. The role of rapid diagnostic tests in remote areas is being actively

developed, and ensuring access to insecticide treated netsis a priority (52).

Following the G8 Summits in Okinawa in 2000 and Genoain 2001 there is growing political
commitment for a global health fund especialy for TB, HIV and malaria, and further discussions are

underway.

4 EVIDENCE OF EFFECTIVENESS OF PRIORITY INTERVENTIONS

This section lists the major interventions against malaria, and reviews evidence of their efficacy and
effectiveness taking into account geographical variability in approach related to ecology,

epidemiology and socioeconomic and political factors.

A consensus has built up in recent years that the priority interventions are as follows:

a) major direct interventions:
Case management (diagnosis and treatment)
Insecticide treated materials (ITMs)
Indoor residua spraying in certain environments
Protection of pregnant women

Epidemic control
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b) support interventions
Human resource devel opment
Information, Education and Communication
Surveillance

Operational research

While these support interventions do not directly remove either the vector nor the causal agent, they
are included in this review as essential components of malaria control with as much potentia to
reduce morbidity and mortality with adequate investment. |EC can have a direct effect on the hogt, if
it leads to behaviour change. Surveillance can reduce blanket coverage of vector control by allowing
the targeting of vector control based on information. HRD (in its broad sense of ensuring people
have relevant skills and an enabling environment to use their skills efficiently) is essential for
adequate quality application of interventions and increased scale of coverage. Operational research
ranging from programme eva uation to invention, testing and refinement of new tools helps to adapt

control strategies to changing biological, social and economic environments.

Protection of pregnant women and epidemic control have been included as direct interventions.
While they incorporate elements of the other direct interventions, it is useful also to consider the set
of interventions for these two purposes as single packages, as those responsible would need to
address all the components. In addition, they include components not covered by the other basic
interventions: intermittent presumptive treatment and chemoprophylaxis for protection of pregnant
women and more sophisticated early warning systems for epidemic control. Control of malariain
complex emergencies is similarly a package of interventions for a specific risk group. It adapts a
combination of the other interventions to the particular emergency, so is not classified as an

intervention itself, although an argument could be made for doing so.
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Interventions which have not been included in the list of priorities include those where there is less
evidence of widescale effectiveness, such as environmental management and various forms of
larviciding, but they may have an important role in limited areas, especially in urban settings.
Environmental management may also be important against other disease vectors, and various

examples including malaria control are reviewed in (107).

The potential of environmental management depends on the types of breeding sites used by the
predominant vector species. In rura Africathe main vector is Anopheles gambiae sensu lato, which
breeds in a very wide range of small temporary pools and puddles, which would normally be very
difficult to remove over the long term. There are some exceptions, such as the leakage points on
irrigation pipes in semi-arid areas such as northern Namibia, where better maintenance could
potentially significantly reduce transmission rates and possibly shorten the transmission season. The
other major African vector A. funestus inhabits fewer, larger and more permanent sites, such as large
swamps and river edges, but even these would be difficult to remove. In peri-urban areas
environmental management is more feasible, partly because the human population density reduces
the per capita cost of engineering work. An example of successful malaria control through a
combination of environmental management and other interventions in a Zambian copper mine in the
1930s to 40s has recently been reanalysed (108), suggesting that the very high initial costs reduced
after afew years to the point where the interventions were cost-effective. As with many other
interventions, however, affordability is likely to be a stronger driving force than cost-effectiveness.
In West Africarice fields in peri-urban areas are a breeding site, where some form of environmental
management could be considered. In Indiathe urban vector A. stephensi is a potential target for
environmental control, and good control was achieved in Channai through improved design and
maintenance of water tank lids. In much of Southeast Asia the major vectors A. dirus and to a lesser
extent A. minimus are restricted to forest areas. Large scale deforestation had a temporary effect of

increasing malaria risk for those involved in forestry, but in the long term has probably contributed
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importantly to reduction in malaria prevalence, while bringing other environmental problems related

to changing weather patterns.

While investments in environmental management for malaria control are difficult to justify in many
situations on the basis of available evidence, the importance of health impact assessments should be

emphasised as part of development projects to avoid creating new problems.

A particular aspect of environmental management, which has been widely recommended on the basis
of no evidence, is the cutting of grass or clearing of bush around homesteads. The only published
study provides evidence that this is not effective (109), yet it is a mainstay of health education

messages to overworked communities.

Vector control with ultralow volume insecticide spraying and thermal fogging is expensive, and has

limited use in very special conditions.

Malaria vaccines have not been included in the list, as there is as yet no effective vaccine to use.
Investment in vaccine research is, however, increasing rapidly, and new possibilities offered through
genomic research and DNA-based vaccine development may accelerate achievement of a usable
multi-target vaccine (110, 111). A major issue will be the ability of vaccines to provide sufficiently
long-term protection to make them operationally useful in populations living in endemic areas rather
than only in short-term visitors. Reviews of pre-erythrocytic vaccine developments (112), merozoite
surface protein vaccine candidates (113), progress and constraints in vaccine development including
the risk of increasing severity and rebound mortality (114, 115) and the possible effects of
transmission-blocking vaccines (116) provide an overview of current status. A Cochrane Review
(117) reported that two types of vaccine, SPf66 vaccine against the asexual stages and NANP

vaccines against sporozoite stages of Plasmodium, have been tested in randomised clinical trialsin
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endemic areas. Ninetrials of the Spf66 vaccine and four trials of the NANP vaccines were reviewed,
and showed no evidence of protection by SPf66 vaccines against P. falciparum in Africa. There
was a modest reduction in attacks of P. falciparum malaria following vaccination with SPf66 in other
regions. Triasto date have not been of sufficient size to evaluate the effect of malaria vaccines on
mortality or on severe malaria requiring admission to hospital. There was not enough evidence to

evauate the use of NANP vaccines.

Where efficacious vaccines would fit into, and how they would influence, the combination of priority
interventions against malaria will depend very much on the nature of the vaccine. It isclear,
however, that their efficiency outside a research setting would, as for other interventions, rely on
operational factors such as acceptability to users (education of providers and receivers), accessibility
(delivery systems, human resources) and affordability. A new set of operational research questions
will need to be answered, which can draw usefully on recent experiences with operationalising

insecticide-treated nets.

Evidence of effectiveness of major direct interventions

4.1 Case management

Good case management is the foundation of effective malaria control, and many deaths and severe
cases of illness could be avoided by better application of currently agreed procedures for case
management. Introduction of some newer case management interventions could save further deaths.

Case management includes recognition or diagnosis and treatment.

The evidence base for case management includes (1) evidence of the sensitivity and specificity of

different diagnostic tools, (2) evidence of efficacy of different drugs at different doses, (3) evidence
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of efficacy of different ancillary treatments and non-drug clinical interventions and (4) evidence of

effectiveness of different service delivery systems, which are influenced by both providers and users.

Recommendations on range of diagnostic methods and drugs from which to choose, procedures for
case management and systems for delivery vary according to the level of intervention (home,
primary, secondary or tertiary facility in public and private sectors). Malaria cases are often
distinguished as severe or uncomplicated with different procedures for each. WHO published a
comprehensive review of issues and guidance on practice related to severe malaria (33) aswell asa

practical handbook (118). Management of uncomplicated malariais described in (3) and (119).

4.1.1 Recognition and Diagnosis

Prompt and accurate diagnosis of malariais akey element in effective case management. This
includesinitial recognition at home by the caretaker or patients and diagnosis by health workers,
Many people who die from malaria never contact formal health services. For example, in Morogoro
in Tanzania a survey showed that 90% of deaths in under five year olds take place at home, and 48%
of these occur without any prior contact with aformal health facility (120). Of patients admitted to
hospital with severe malaria a large proportion die within 24 hours (121). Itislikely that more
accurate and earlier recognition of malaria by patients and caretakers at home would significantly
reduce mortality. The potential impact of programmes to educate people at risk on recognition of
malaria and to provide diagnosis closer to the home is high but difficult to measure. Numerous
systems have been developed to provide diagnosis closer to homes, particularly in Asia. Those with
community volunteers have had mixed success often due to poor support of volunteers by the public
health system. A successful programme (in terms of sustainability) in Sabah is described by Palmer

et al. (127). Maariaincidence did decline in the area covered, but the relative roles of early
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detection, treatment, treated nets and other factors are not known. In Thailand Ettling et al. (122,
123) investigated the role of central, peripheral and periodic mobile village level clinicsin provision
of microscopic diagnosis and treatment, and found that the periodic mobile clinics had lowest
institutional costs per smear but highest costs per positive case, but reached women and children
more than the other clinics. While they had the lowest travel costs and frequency of prior treatment,
they did not reduce reported length of illness prior to attendance, and a large percentage (91%) of
patients used none of the clinics, but spent more on trestment outside the public sector with longer
illnesstimes. In Tigray a scheme to educate mothers to recognise and treat malaria led to a 40%
reduction in under five mortality and a significant reduction in malaria specific mortality (124). The
relative importance of improved ability to recognise malaria symptoms compared to better access to

chloroquine and awareness of treatment regimens is not known.

The magjor diagnostic approaches are clinical diagnosis, microscopic diagnosis, HRP2-based rapid
diagnosis and pL DH-based rapid diagnosis. QBC and Acridine orange and PCR are less promising

for widescale use. Table 4 compares the approaches.

Despite numerous attempts it has not been possible to develop highly sensitive and specific clinical
algorithms (125, 126), so that accurate diagnosis requires detection of parasites by microscopy or
with immunochromatographic rapid diagnostic tests (RDTs) detecting parasite antigen. Microscopy
is often unavailable at peripheral levels of the health services, and requires good systems support and
trained personnel, while RDTs are too costly for widescale use at present. The cost of malaria
microscopy ranges from US$0.12 to $0.4 (127), while RDTs cost about US$1, although prices as

low as $0.60 have been achieved for P. falciparum only tests.

The role of RDTs has been defined as being particularly promising in areas of low to moderate

transmission (mostly in Asia and the Americas and in parts of Africa), where most infections are
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symptomatic, and often there is multidrug resistance (128). While microscopy would be the tool of
choice at more central levels, RDTs would be useful in peripheral and remote areas without the
infrastructure for laboratories. There have been several small scale projects using RDTS, for instance

in Cambodia, Thailand, India, Vietham, Guyana, Brazil and Ethiopia.

In areas with high transmission rates, mostly in Africa south of the Sahara, the role of microscopy
has been limited by inadequate health systems and the limited usefulness of detection of parasites
where prevalence is very high and often not associated with illness. Use of RDTs has been extremely
limited. Laboratory confirmation would be useful for suspected cases of severe malaria, suspected
treatment failures, private sector care and multidrug resistance. RDTs aso have a potentia rolein
complex emergencies before microscopy can be established and in suspected malaria epidemics to

determine the extent of malaria and for travellers, soldiers and migrant workforces.

To what extent could the number of deaths be reduced and acute cases be treated more effectively
with better diagnosis? The greatest impact of any intervention would be realised in sub-Saharan
Africa which accounts for 90% of cases, but this is where there are greatest reservations on the role
of parasitological diagnosis. The impact of a given diagnostic approach depends on its influence on
rational treatment. Could awell trusted diagnostic method be linked to more rational drug use?
Could the concept be marketed that, once you have the result, you do not need a costly cocktail of
drugs or injections? In severa cases it has been noted that health care providers or patients will
ignore the results of negative test results, and still treat for malaria, so that the diagnosis is of no use
(229: for microscopy; 130: for RDTs). Thereis, however, potential to change this behaviour through
education. In Solomon Islands it was noted that some patients refused treatment without a parasitic
diagnosis (131). In Cambodia a programme is beginning for social marketing of RDTs with pre-

packaged combined mefloquine artesunate treatment through private vendors (132).
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Few studies have tried to assess directly the effect of diagnosis on morbidity or mortality. Sim (130)
noted in three health centres in three provinces of Cambodia a large increase in cases diagnosed
following introduction of RDTS, areduction in case fatality (not statistically significant) and a
reduction in the proportion of cases which were severe (statistically significant). A concern to be
addressed in developing more widespread parasitological diagnosisis the risk of re-use of finger

pricking devices with the associated risk of HIV transmission.

The role of diagnosis needs to be reviewed in response to major epidemiological changes in Africa.
Rapidly increasing antimalarial drug resistance and increasing frequency and scale of epidemics may

justify greater investment than before in diagnostic facilities.

4.1.2 Treatment: antimalarial drugs

Although the number of malaria cases and related deaths at the present time is enormous and
unacceptable, it is widely agreed that the availability of cheap effective antimalarials has limited the
burden. The rapid increase in resistance to the cheapest antimalarials threatens to cause great
increases in disease and death, and is a major obstacle to achieving Roll Back Malaria' s objective of

halving malaria deaths by 2010.

Antimalarial drugs are used both for treatment of malaria and for prevention (chemoprophylaxis).
Their use for prevention of malaria and pregnancy is discussed later. The other mgor use of drugs
for prevention is for non-immune travellers to malaria endemic areas (119, 133), which is not
discussed in detail here, as malariain international travellersis a small proportion of the burden
except in displaced populations, where chemoprophylaxis may not be practicable. In the 1980s there
was considerable discussion on whether or not to recommend routine prophylaxis for children under

five years living in high risk areas with WHO concluding that it was not advisable, whilst UNICEF
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did adviseit. It is currently not recommended because of difficulties in ensuring people follow
prescribed regimens and increased drug resistance (119). A recent report has, however, shown a
significant impact of intermittent sulfadoxine-pyrimethamine treatment of children in Tanzania at the
time of routine vaccinations (134) on clinical malaria and the rate of severe anaemia. The rate of
clinical malaria attacks during the first year of life was reduced to 0.15 compared to the control, and
the rate of severe anaemia was 0.06 compared to the control of 0.11. Given the importance of
anaemia, which is often not recognise, such a preventive approach is attractive if it can be

administered easily.

Descriptions of the main drugs available for malaria treatment are found in (119), and an update will
shortly be issued following an informal consultation on antimalaria drug use at WHO Genevain
November 2000. Table 5, which was prepared for this meeting, summarises the cost, treatment
duration, likelihood of adherence, significance of side-effects and status of resistance of the major
antimalarial drugs currently available. Commonly used drugs for uncomplicated malaria are
chloroquine, sulphadoxine (or sulfalene) /pyrimethamine, amodiagquine, artemisinin and its
derivatives (primarily artesunate and artemether). Less widely used drugs for uncomplicated malaria
include quinine (with tetracycline or doxycycline where there is quinine resistance), mefloquine,

hal ofantrine, lumefantrine combined with artemether, sulfamethoxazol e/trimethoprim, and
atovaquone/proguanil. Commonly used drugs for severe malaria are quinine and artemisinin
derivatives. Combination drugs under development, where initial evidence of efficacy is promising,
are chlorproguanil/dapsone, which may be combined with artesunate, a fixed dose combination of
piperaquine, trimethoprim and dihydroartemisinin (DHA), a combination of pyronaridine and

artesunate or DHA and finally atrial coformulation of naphtoquinone and DHA (135).

Numerous studies have tested the efficacy of antimalarial drugs both in vitro and in vivo. There have

sometimes been problems in comparing data from different studies, as the methodol ogies have
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varied. A standard in vivo test for chloroquine efficacy was developed by WHO (136), and widely
used, but needed rethinking in the 1990s, as the range of drugs to be tested broadened to drugs with
different dosage regimens and different elimination times. In addition it became clear that the initial
in vivo test gave inadequate attention to clinical outcome, as it relied on parasitological follow up.
There is now growing adoption of a new standard (137) for use in routine monitoring of drug
efficacy, but some research projects collect other data. 1t is beyond the scope of this paper to review
all evidence on drug efficacy, because the efficacy of each drug varies widely geographically and
also with time. Attempts have been made to develop a continually updated database of current status
of drug efficacy, accessible to al, but there have been constraints related to the issues of inconsistent
methodology and of reluctance of some scientists to make data available before it is published. In
the 1980s WHO had a database of in vivo and in vitro data, which for the in vivo studies only
included those strictly adhering to WHO methodology. WHO African Region has more recently set
up a database for Africafollowing discussions with the Centers for Disease Control, Atlanta and
WHO headquarters. Useful summaries of drug efficacy by country are published each year for
travellers by WHO (133). Some antimalarial drugs and combinations have been the subject of recent
Cochrane systematic reviews, and conclusions from these and other reviews are summarised in Table

6.

Antimalarial drug resistance in P. falciparum is increasing faster than new antimalaria treatments
are being developed to the point of widescale use. Thisis resulting in countries offering suboptimal
therapy. Most of the newer antimalarials are much more expensive than chloroquine and
sulfadoxine-pyrimethamine, which are the main drugs used in most of the world, and cost
approximately US$0.1 per adult course. Table 5 shows the relative costs of different antimalarials.
Areas of multidrug resistance in Southeast Asia have aready had to rely on treatments costing

approximately US$2 per adult course for severa years. In some parts of Thailand and Cambodia
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there is no affordable effective monotherapy, and treatment is with mefloquine-artesunate or

mefloquine-artemether combination.

In Africa, which accounts for the majority of the world’'s malaria, chloroquine resistance is
widespread, and has reached levels in southern and eastern Africa, where many countries are forced
to abandon its use asfirst line therapy. SP used to be the obvious successor, but resistance to SPis
developing quickly in some African countries, so that its useful therapeutic lifeis likely to be short,

asit wasin parts of Southeast Asia. The costs of changing first line drug are considerable (138).

Evidence of the role of effective treatment on malaria burden is patchy, as effective treatment is
determined not only by drug efficacy, but also by access, treatment-seeking behaviour and drug
quality. The association of increasing mortality with increasing drug resistance (57, 58, 59, 60) does

confirm that use of effective drugs can lower mortality.

More direct evidence comes from Malawi where a reduction in mortality was recorded following the
change of first-line treatment from chloroquine to sulfadoxine-pyrimethamine (139, 140). As noted
earlier the widespread use of artemisinin derivatives in Vietnam may have contributed to the

reduction in mortality in the early 1990s (52).

Relative incidence rates of P. falciparum and P. vivax are another indicator of the impact of effective
drugs. In Thailand the proportions of the two species mirrored the development of resistance in
P.falciparum and the introduction of more effective drugs (141), and in Indiathe proportion of P.
falciparum has increased from 15 to 40% in recent years (142). The introduction of mefloquine-
artesunate combination therapy in Western Thailand was associated with a reduction in incidence

(47, 143).
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The importance of appropriate antimalarial drug policies taking account not only of drug efficacy,
but also accessibility, affordability, acceptability, ease of use, safety and quality isincreasingly
emphasised (144, 145, 146). The need for efficient policy development processes in order to reduce
the time when people are deprived of the best available and affordable trestment is also recognised.

Some of the problems which delayed policy changed in Kenya are described in (147).

The primary goal of treatment policy isto treat the patient effectively (at a minimum to remove signs
and symptoms and optimally to clear all parasites). Secondary goals are to avoid as far as possible
the development of drug resistance and to reduce transmission. These goals do not necessarily
suggest the same strategies, and a careful balance is needed in determining priorities. While the
widest possible access to effective drugs would serve the primary goal in the short term, it could lead

to a higher overall burden of malaria by leaving no appropriate drugs for use in the future.

Combination therapy

This dilemma has become particularly acute with the potential to combine highly effective

artemisinin derivatives with other antimalarials

Measures to delay the development of resistance are essential, whilst still ensuring that safe,
effective, usable and affordable treatment is accessible to those at risk. Resistance is due to
mutations in genes controlling the structure and activity of the therapeutic target in the malaria
parasite. Combination therapy islikely to delay development of resistance to component drugs,
because the probability that a mutant will arise, which is simultaneously resistant to two drugs with
different mechanisms of action is the product of the mutation rates to resistance to the respective

drugs, multiplied by the number of cells exposed to the drugs (148).
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The degree of protection will depend on the frequency of resistance genes already in the parasite
population to the drugs in the combination. Where there is already high level resistance, the
protection will be lower. Thiswas a problem with the introduction of the meflogquine and
sulfadoxine-pyrimethamine combination on the Thai-Cambodian border and in Thailand in the early
1980s. It has not, however, so far been a problem with the use of mefloquine-artesunate combination
in Thailand despite high level mefloquine resistance (47). The mechanism of resistance is aso likely
to be important. For instance, complete resistance to SP depends on the presence of four
dihydrofolate reductase (DHFR) mutations. Currently, only three are found in Africa, and the fourth
is not yet reported, so combination of SP with a different effective antimalarial may still be valuable,
as the other drug would kill most parasites where the fourth mutation arose, while the SP would still
have enough efficacy to give some protection to the other drug, as most parasites exposed to the
combination would at the most be triple DHFR mutants. The time remaining for useful introduction

of SP combinations is limited.

Idedlly the two drugs in a combination should have similar pharmacokinetic properties, and would
not have long elimination half-lives, as there is an association between selective pressure and slow
drug elimination. If one drug is eliminated more rapidly, the other one may encounter parasites from
a second infection, when the first drug has been eliminated, and the second drug is at sublethal
concentrations. This problem is more important in areas where frequency of infection is high.
However, the most powerful resistance selection occurs during early treatment of an acute malaria

attack, so drugs with different elimination half-lives can be effectively combined.

Evidence of the effectiveness of combination therapy in delaying the development of resistanceis
not yet available in Africa, but studies in an area of low, seasonal, unstable transmission on the Thai-
Myanmar border have found that a combination of 25mg/kg split dose mefloquine and three days

artesunate at 4mg/kg per day has maintained an efficacy of greater than 96% since introduction in
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1994 despite less than 50% efficacy of mefloquine alone. An overall reduction in malaria incidence

and significant in vitro reversal in mefloquine resistance were observed (47, 149)

The particular interest in combinations with an artemisinin derivative relates to its high efficacy, its
very rapid parasite and symptom clearance times and its strong effect on reducing gametocyte
carriage rate, which reduces further the transmission of resistant alleles. The value of artemisinine

derivativesis great, so it is also important to use them rationally to protect them.

While there is urgency to offer more effective treatment whilst minimising the risks of developing
further drug resistance, there are still many operational constraints such as (primarily) affordability,
acceptability to, and adherence by, patients, providers and policy makers, access through public and
private sectors, use in pregnancy, which may diminish the potential of combination therapies (150,
151). A more comprehensive operational research, information gathering and consultation strategy
needs to be implemented as quickly as possible in order not to be too late to benefit from the range of

antimalarials currently available.

4.1.3 Ancillary treatments

The three important ancillary treatments in cases of uncomplicated malaria are rehydration, fever
reduction and treatment of anaemia (119, 152). In severe malaria, severa ancillary treatments
depending on what complications are detected, have been shown to increase the probability of
survival. These include preventing convulsions with prophylactic phenobarbitone, treating
hyperpyrexia and hypoglycaemia, correcting fluid electrolyte and acid-base imbalance, appropriate
nursing care and avoiding harmful ancillary treatments such as corticosteroids and heparin. Details
of these and evidence of their effectiveness are given in (33). Cochrane systematic reviews are

available of evidence of the effects of antipyretic measures for treating fever in malaria (153), blood
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transfusion for treating malarial anaemia (154), steroids for treating cerebral malaria (155) and iron

chelating agents for treating malaria (156). Further discussion of blood transfusionisin (157, 158

4.1.4 Delivery systemsfor case management

In addition to the choice of the best drugs the means of provision of case management has a great
impact on its effectiveness. Broad health systems policies can dramatically affect access to
treatment. For example, user charges have been found to deter people from using public sector
facilities (159), but there are examples where removal of user charges has exacerbated availability of
drugs. Inastudy in Malawi only 7% of febrile children received optimal treatment, but children
taken to the clinic were twice as likely to do so than non-attenders (160). The recognition of the
importance of treatment providing and seeking behaviour is leading to useful ways of improving
effective treatment (161, 162, 163, 164, 165, 166). A deterioration in seeking medical care for

children with fever (64) is associated with slowing declines or even increases in child mortality.

Development of systems to ensure better quality of drugs is receiving much needed attention (167),
but needs much more. Studies on pre-packaging of drugs have shown significant improvementsin
adherence to treatment regimens, although it is difficult to know how much of the improvement was
attributable to the packaging, as the interventions often included patient education (168, 169, 170,

171).

Poor access to treatment is a major cause of avoidable illness and death, and different approaches to
bringing adequate trestment closer to people at risk have been attempted. The level of the health
services at which different drugs should be available is a subject of much debate, as parentera
treatment and use of second line antimalarials are often considered to be only appropriate at referral

levels with trained staff, and yet referral is often impossible from first-ine health facilities. Health
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workers in many of these facilities will attempt to do what they can on the basis of their experience,
often using drugs outside their normal authority, sometimes very successfully. The use of artesunate
suppositories has recently attracted much interest as a potential treatment of severe malaria or
potentially severe malaria, which can be administered with less skills and fewer risks than injections

(172).

Given that a high proportion (approximately 80% in some areas) of patients seek health care outside
the formal public sector, increasing attention is being given to working with the informal private
sector (173, 174) and caretakers at home. In 1991 it was noted that only 25-30% of chloroquine
distribution was through the public sector, while about half was distributed through unofficia drug
sellers (175). Self-medication is often more accessible and acceptable than seeking treatment at a
health facility, but is often incorrect (176). For instance, training of shopkeepers was shown to lead
to a 62% increase in appropriate use of over-the-counter chloroquine (177). Home careis not dways
less correct than clinic care, and has the advantage of being less expensive. For example, studiesin
Nigeria (178) found tha al but one parent of 105 pre-school children sought treatment for a recent
child illness. Most (88%) were judged to have suffered from malaria. Most parents (74%) took some
treatment action under 8 hours, while nearly al (96%) acted within 24 hours. Only 14% of these
actions were judged to have been appropriate. Attending a clinic during the course of the illness
(44%) did not improve the chances of receiving and taking appropriate treatment but did result in

significantly higher treatment costs.

There isincreasing awareness that community- or home-based treatment may be essentia in the
efforts to roll back malaria. Engaging the community, providing training for parents and medicine
shop owners, and making effective prevention and treatment commodities widely accessible and
affordable to families are critical steps in reducing malaria morbidity and mortality. A major

reduction in under-5 mortality was achieved in Ethiopia through training mother coordinators to
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teach mothers to give under 5 year old children antimalarial drugs (124). A community-based
programme to ensure prompt and adequate treatment of presumptive episodes of malariain children
in Burkina Faso was shown to be feasible, and was associated with a reduction in the proportion of
severe cases in health centres (168). A survey of treatment seeking in a community-based malaria
programme in Kenya showed that most people obtained chloroquine from the village health helpers

chosen by the community (179).

One attempt has been made to define the public health significance of the clinical services provided
by a district general hospital (180). It was noted that there was a higher than expected number of
readmissions for malaria, a higher than expected number of readmissions with acute respiratory
infection after an admission for malaria and a higher than expected mortality (not statistically
significant) after discharge. It isassumed that a significant proportion of children would have died if

they had not been admitted.

Integrated Management of Childhood IlIness (IMCI)

Thisis covered in detail in a separate paper (65), so the evidence will not be reviewed here, but it is
mentioned, as it has been adopted as akey strategy in Africafor provision of adequate treatment of
malariain peripheral facilities and at community level. At a meeting in November 2000 called by
WHO/AFRO it was agreed that expansion of IMCI was too slow, and scaling up will require some
shift of focus (181). All current components of IMCI need to be maintained but with a stronger
focus on the community and systems components. Capacity building needs to be considered more
broadly beyond the public health sector and beyond training. Finally more attention is needed to
communications, broadening partnerships, updating policies and advocacy for political support and
resource mobilization. A multicountry evaluation of IMCI effectiveness, cost and impact is

underway, which should provide more evidence of effectiveness of the approach (182).
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4.2 Insecticide treated materials (I TMs)/ insecticide treated mosquito nets (I TNSs)

I mpact

Insecticide Treated Mosquito Nets (ITNs) have emerged over the last 2 decades as a very promising
intervention for reducing the risk of malaria infection in areas of both stable and unstable
transmission. Intervention trials have been conducted in a wide number of countries, representing a
range of transmission intensities. The majority of these trials have been randomised-controlled trials.
Impregnated mosquito nets have been compared with no mosquito nets, and less commonly with
untreated mosquito nets. The impact outcomes measured include all-cause child mortality (1-59
months), the incidence of severe malaria, the incidence of uncomplicated malaria episodes,
prevalence of parasitaemia, mean haemoglobin level, splenomegaly and nutritional status. A
Cochrane review (183) which included 18 such trials (11 of which were in Africa) excluded a further
47 trids from the analysis due to either non-randomisation, or the use of inadequate control groups.
The conclusion of this review was that I TNs reduce overall mortality by about a fifth in Africa,
(range from 14% to 29% (15, 16, 184, 185) and that for 1,000 children protected, about 6 lives can
be saved per year in the age group 1-59 months. ITNs aso reduce substantially clinical episodes of
mild malaria from both Plasmodium falciparum and P. vivax infections, with a 50% reduction in
episodes under most conditions. Parasitaemia is also reduced substantially, and decrease in anaemia,

measured as increases in Packed Cell Volume (PCV) is variable (Table 7).

Personal protection or ‘mass effect’

Whether the health impact of ITNsis due mainly to persona protection, to ‘mass effect’ or a
combination of these, and what are their relative inputs to the efficacy measured is till under debate.
Conflicting evidence has been found in the trials and studies that have sought to answer this

guestion. The first evidence for the possibility of a‘mass effect’” was from experimental hut studies
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that showed a proportion of mosquitoes to be killed by permethrin (186). Magesaet a (187) in
studies on the age structure of the vector population gave clear evidence of reduced survival of
vectors due to ITNs, they found this to result in both a decreased sporozoite rate and a decrease in
vector density. Studies in The Gambia (188) produced clear evidence that the protection offered by
ITNs was due to personal protection rather than to a ‘mass-killing effect’ on the mosquito vector
population. Thisisin contrast to studies in Tanzania (189) where personal protection by ITNswas
low in comparison to the ‘mass effect’ observed. Children (particularly those <2) with no ITNs, but
living in villages where the mgjority of the population did have ITNs had alower prevalence of both

parasitaemia and anaemia (190).

The relative role of personal protection and mass effect in bringing about a reduction in the survival
rate of mosquitoes and subsequent health impact, thus appears to vary, and the factors that determine
their roles are not yet fully elucidated. It is important, however, to recognise that mass effect is a
positive externality and that this is due to the treatment of the net with insecticide. It is also clear that
athough no positive externalities are expected from untreated mosqguito nets inadequate attention has
been given to their possible impact through the degree of personal protection that they impart. An
untreated mosquito net, by forming a barrier against biting, does provide an element of personal
protection to its users. An inverse relationship between splenomegaly and the use of mosquito nets
was found in Gambian children in 1986 (191). Further studies in The Gambia (192) found that
children who dept regularly under an untreated mosquito net had lower parasite and spleen rates and
higher mean PCV values than children without a net. Subsequent intervention trials concentrated on
the impact of insecticide treated mosguito nets and paid less attention to the impact of untreated
mosquito nets as compared with no mosquito nets.. The need for such an assessment of the impact of
untreated mosquito nets on malaria mortality and morbidity is now recognised and recent data are

presented in Table 8.
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From efficacy to effectiveness

Efficacy is measured as impact under controlled trial conditions, that is, almost ideal conditions, asin
the intervention trials above. That ITNs are efficacious in reducing child mortality and morbidity is
no longer questioned. However, there has been much less success, until recently, in measuring the
effectiveness of ITN interventions. Effectiveness is health impact under programme, rather than trial
conditions, and there are many inherent difficulties in its measurement. Potential options for
monitoring the effectiveness of ITN programmes include population—based active surveillance,

health service based passive surveillance, repeated cross-sectional surveys and case control studies.

The first measure of effectiveness of insecticide treatment of mosquito nets was from surveillance of
5 sentinel sites through the Gambia National ITN Programme (192). The measure of effectiveness
achieved against childhood mortality (25%, ranging from zero in areas where net use was low to
>40% in areas of high usage) was 38% less than the efficacy of 63% previously measured under trial
conditions. The two main operational factors identified as contributing to the difference between tria
and operational impact were the fact that there were areas where net usage was low amongst

children, and that the optimum dose of insecticide was achieved on <50% of nets.

Such population based surveillance is time consuming and hence expensive (particularly in human
resources) to maintain and hence is not really an option for most projects programmes. Attempts
have been made to find ways of using routinely collected data to monitor the effectiveness of ITN
programmes. Two case-control studies were used to evaluate the effectiveness of The Gambia
National Impregnated Bed Net Programme (193). The first of these had mortality as the outcome and
used routingly collected mortality surveillance data, matched with healthy control children. The
second used passively collected health facility data on children with fever and parasitaemia and
compared them firstly with controls recruited at the health centre and secondly with village controls.

The protective effect of ITNs on maaria morbidity detected using health facility controls,
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disappeared when village controls were used. Whether this difference was due to a level of ‘mass

effect’ in the village controls is not clear.

A similar study was undertaken in Pakistan (194), where febrile health facility patients were
classified as cases when testing dide positive, and controls when testing slide negative for malaria.

Here the effectiveness of ITNs against Plasmodium fal ciparum was 78% and against P. vivax 69%.

Although case-control studies using passively collected data offer an attractive way to assess the
effectiveness of ITNs under programme conditions, they have many possible drawbacks. Only health
facility users will be included, if they differ in their use of ITNs from non-attenders, then selection
bias will be a problem. Thisis especialy pertinent in areas that have a high level of self treatmentor
treatment outside of the formal health sector. There is a great potential for the introduction of biasin
the choice of controls. Both of the above studies used a simple question to assess ITN usage.
Although this use of a smple question is open to bias, the alternative of observation of netsin

households is certainly not feasible within such a design.

The KINET programme in Tanzania, a social marketing programme of treated nets and net treatment
has made measurement of effectiveness a priority. Community-based cross sectional studies were
used to measure parasitaemia, and anaemia amongst I TN users and non-users. The impact measured
by the programme (195), 62% on the prevalence of parasitaemia and 63% on anaemia, is equivalent
to that measured in efficacy studies. The design of the impact measures where individual users are

compared with non-users results is a personal protection effectiveness measure.

These recent programmes have provided evidence of the effectiveness of ITNs under programme
conditions (Table 9). However, they have not provided a model of a simple way in which to measure

such effectiveness in other programmes. A ot of effort was made in the KINET programme to
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control for confounding factors that would bias the measure of effectiveness, such alevel of effort is
unrealistic in the majority of projects/programmes. It is still recommended that ITN programmes
concentrate their efforts on the measurement of process indicators and presume that high level

coverage with regularly treated nets will result in a significant level of health impact.

Delivery mechanismsfor nets

The history of ITN / mosguito net delivery has been one of many projects / programmes of varying
sizes delivering nets and I TNs within their own focussed geographical areas. Actual delivery
mechanisms, pricing policies, and funding mechanisms have varied but have included community-
based delivery systems, social marketing, revolving funds, blanket subsidies, and cross subsidies.
Some of these projects / programmes have had a sustainability focus, whilst for others the focus has

been upon equity.

The options for delivering nets listed in Table 10, have been summarised in the context of

“going to scale”

the development of national ITN strategies

afocus on the long term vision

short-term projects / programmes contributing towards this long term vision

partnerships for concerted effort

the recognition that the cost of covering al those at risk of endemic malariawith an ITN is not
achievable by governments and donors alone

in most countries (although not al) there are nets available on the local markets

in some countries (Table xx net coverage) there is relatively high household coverage with nets

in areas where there are no I TN/net projects/programmes
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when projects/programmes sell nets for extended periods of time at prices below those of the
local market there is arisk that they will ‘crowd-out’ (reduce commercia salesto alevel that the

market is destroyed) that market

Demand creation

The sale of nets and insecticide centres around issues of supply and demand, these have to reach a
balance, the tipping of the scales towards either oneis likely to be destructive. A demand creation
strategy relies upon stimulation of demand by the public sector or other organisations such as NGOs,
which is satisfied by the supply capabilities of the private sector. The aim is that an increase in
demand will also serve to fuel an increase in supply, and in expanding the penetration of this supply
in terms of geographical penetration and also penetration of different socio-economic levels. It is
envisaged that the demand creation should need to be in the medium to long term, but that the market
that it helps to develop would be permanent. It is possible to geographically target demand creation,
however, any effect upon neighbouring areas would also be an advantage. Although messages about
vulnerable groups are readily transferred during demand creation, the real aim is to stimulate growth
of a sustainable commercial market, so that effective targeting of smaller sections of the population

is not the aim. There is unlimited scope for scaling-up a demand creation intervention.

Sustainable subsidies for equity

By definition such a strategy needs to be permanent and needs to find ways of targeting the biologically
vulnerable and / or the economicaly vulnerable. It is possible to target by geographica area within this
srategy, and it may be necessary to do so, depending upon the level of funds and the numbers of the
vulnerable in whichever group is being targeted. The nets distributed in this strategy should idedly be
free, and at the least should be very highly subsidised. This strategy naturally complements an ongoing

strategy of demand creation and development of the private market. It aimsto cover those who are
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excluded from private sector sales, who are mainly the economically vulnerable. However, in
recognition of the difficulty of effectively identifying and targeting the very poor, a strategy of targeting
the biologicaly vulnerable, in terms of pregnant women or children under 5 may be an dternative. If
this strategy is implemented ineffectively, it is potentially damaging in two ways, firstly it will waste
resources by making subsidies available to the none needy, secondly, misplaced subsidy will undercut
the commercial market by diverting a potential sale. Effective targeting should not have adverse effects
upon acommercial market, rather, it will be complementary in reaching those who are considered
unreachable. It may also stimulate a degree of demand in non-target groups. The potential for scaling up

this strategy is limited by the size of the target group and the related costs.

Revolving fund

The intended duration of arevolving fund is permanent, however, for this strategy to be truly
sustainable, the prices of the nets and insecticide should cover al costs including materias, distribution,
handling and administration, not solely the cost of the net and/or insecticide. Geographical targeting is
possible, although targeting of vulnerable groupsis possible, it may be undesirable as the programme
will need a certain level of salesto cover its costs and to remain competitive with the commercial sector.
If the revolving fund is truly covering al costs, then the programme will not be at an unfair advantage in
undercutting the commercia sector. Although sales by the programme may substitute for commercial
sales, the programme is directly competitive with the rest of the market. The potentia for scaling-up of a

project / programme using a revolving fund strategy is limited by the finances available.

Social marketing

Most socia marketing programmes aim to be permanent, they are however, limited by the time span
of funding from their donors, which is aso a factor that limits their options for scaling-up. Prices are
usually aimed at cost recovery this tends to put them at about the same level as those of the

commercial sector, or more often slightly below. Socio-economic targeting may be the aim of
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introducing higher subsidies and reducing the prices to substantially less than those of the
commercial market, however, true socio-economic targeting is unlikely. Biological targeting
however, is possible, and geographical targeting is the norm and is dependent upon delivery
channels. Social marketing programmes have the aim of increasing demand in the commercial
market (“crowding-in”), to increase sales of non-project nets together with their own branded nets.
Subsidies through tax and tariff relief result in unequal competition between social marketing
programmes and the private sector, and assessments of their expansion of the private market is

lacking and where available the evidence is conflicting.

‘Pump-priming’

Theideaof ‘pump-priming’ is to stimulate demand in the commercia market. To do this, new
customers are encouraged to buy nets/ ITNs a dightly lower than market prices, with the aim being
that they will use the product, like using it, and therefore be stimulated to replace it when needed. The
hope is aso that their neighbours will also be encouraged to buy. It is important for the commercia
market that this strategy is short-term, alonger-term intervention of this kind would undercut and
potentialy damage the private market. Targeting by geographic area, and by vulnerable groups is

possible.

Emergency relief

Although emergency relief should be temporary by definition, it may actualy last for quite variable
lengths of time, which may span several years in the case of chronic complex emergencies. It is
likely that nets and ITNs are a more appropriate intervention in the chronic phase of emergencies.
Geographical targeting of the affected area, or areas to which people have moved, is essential. It is
possible that biologically vulnerable groups may be targeted, but economic targeting is not likely to
be necessary, at least within the acute phase. Economic targeting may be desirable in the chronic

phase of long protracted complex emergencies.
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Alternative options for personal protection

A promising alternative option for personal protection which has been tested in Asia but not yet in
Africa, isthe use of impregnated blankets and items of clothing. In arandomised controlled trial in
north-west Pakistan chaddars (aveil or wrap) impregnated with 1g/m2 permethrin reduced the odds
of having afalciparum or vivax epidsode by 64% in children aged 0-10 years and by 38% in those
<20 years. Incidence in those over 20 years, however, was not reduced (196). The possibility of
impregnating plastic sheeting with insecticide for use in emergency where people are displaced, is

also presently being explored.

4.3 Indoor residual spraying

There is ample evidence that spraying the inside of house walls and roofs with an efficacious residual
insecticide is a very effective tool in reducing malaria transmission, disease and deaths (197, 198,
199, 200). It istherefore no surprise that hopes for a real impact on malaria were high with the
discovery of DDT. So why has residua spraying lost favour in recent years, and attention turned to
case management and insecticide-treated nets? Whilst resistance to DDT and concerns on its
environmental effects together with the limited range of alternative insecticides of sufficient safety,
longevity and affordability are important, the difficulties of maintaining the necessary high coverage
and quality of spraying operations and the increasing reluctance of householders to accept it (201)

have defeated the health systems of many countries.

Residual house spraying was a major component of many malaria control programmes outside
Africaduring the global eradication campaign, and resulted in magjor reductions in incidence. One of
the most striking examples was in India where malaria incidence rate decreased from about 75

million cases per year to about 100,000 during the eradication campaign, then rose again to about 3
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million per year (202). It has been widely believed that the transmission rates in sub Saharan Africa
are so high that, without total coverage, house spraying would be unlikely to have a great impact, and
was therefore not recommended. It has, however, played an important role in southern and highland
areas of Africa, where transmission islower. Even in the areas of highest transmission there are a
few examples where house spraying was evaluated, and shown to be highly effective. These include
Pare-Taveta on the borders of Kenya and Tanzaniain the 1950s (11), the Garki project in Nigeriain
the 1970s (17) and the Kisumu project in Kenyain the 1970s (203). In the Pare-Tavetatrial
mortality in infants and young children was halved, and, although it rose gradually after spraying
was discontinued, it did not rebound to higher levels than before. In Kisumu a 96% reduction in
transmission and a 40% reduction in infant mortality rate were associated with fenitrothion spraying,

and in the Garki project there were even greater reductions in mortality rate.

Evidence of the effectiveness of residual house spraying under operational rather than research
conditions is notoriously difficult to collect, as factors such as coverage and annual variation are

difficult to control.

In Asiathere is mixed experience with residua spraying. It is still widely used in severa countries,
but in many southeast Asian countries the major vectors Anopheles dirus and A. minimus rest mainly
outdoors, and feed partially outdoors, so may have limited exposure to the insecticides (204).
Insecticide resistance in these species is limited, whereas in India, there are high levels of DDT
resistance in some states in the two major vectors A. culicifacies and A. stephensi. DDT spraying has
continued in many parts of India on the basis that there till appeared to be an effect on malaria
incidence (205, 206). It has been noted again recently (207) that, in areas where the amount of
spraying has decreased, malaria incidence has risen. Indiais phasing out DDT and replacing it in
some areas with pyrethroids, which cost more. Rowland et al. (208) demonstrated effectiveness of

residual spraying with pyrethroids in Pakistan. Behaviour changesin time and place of biting of

Malaria Burden and Interventions page 51



several Asian vectors have been associated with use of insecticides (209), although a causal link
would be difficult to prove. In some casesit is possible that the changes were due to replacement of

one sibling species by another rather than change within a species.

In Africa physiologica resistance to DDT is limited (210), although strong behavioural avoidance
has been noted (211), but recently pyrethroid resistance has been reported in Anopheles gambiae

sensu lato in West Africa (212) and in A. funestus in South Africa (213).

The role of indoor residual spraying has been played down in recent years for a number of reasons.
It was not considered feasible in many of the poorest countries, as a well organised health system
with functional transport, procurement, training, supervision and reporting is essential. It had also
become unpopular with home owners in many countries where it was used. There was general
consensus that limited resources would save more lives if targeted at improving case management.
In addition, the promising results with insecticide-treated mosquito nets offered an alternative form
of protection, which was more attractive. Finally, in recent years there has been considerable debate
on the development of a convention for a worldwide ban of persistent organic pollutants including
DDT. In December 2000 it was eventually agreed that DDT could continue to be used for maaria
control until sustainable alternatives are found. The debate centred on the lack of affordable

alternatives and the relative risks of DDT toxicity and malaria (214, 215, 216).

The relative efficacy and effectiveness of residual house spraying and insecticide-treated netsis
currently the subject of lively debate. Curtis and Mnzava (217) recently carried out areview in
which they noted that in 6 recent comparisons in Africa, Asia and Solomon Islands pyrethroid treated
nets were at least as efficacious as house spraying with DDT, malathion or a pyrethroid. However,

when earlier residual spraying trials in Africa are compared with recent ITN trias, the latter were
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less efficacious. The operational and economic limitations of residual spraying are recognised, but

further careful review of itsroleis needed.

In emergency situations where people have been displaced and are living temporarily in tents, these
may aso be sprayed with insecticide. Treatment may last for ayear if the tent is double sheeted, less

if single (218).

Novel Alternativesto Indoor Residual Spraying

Cattle-sponging, (the application of insecticide to livestock) has been proposed as an efficient way of
using insecticide to control zoophilic mosguitoes (219). The treatment of domestic livestock with
pyrethroid insecticide acts as a bait to attract mosqguitoes to a toxic surface (220). A recent study of
treated cattle (221) demonstrated a level of control better than that shown by ITNs or indoor residual

spraying and at a fraction of the cost.

4.4  Protection of pregnant women

Treatment of symptomatic cases

WHO recommends that al pregnant women with clinical malaria receive prompt treatment with a
safe and effective antimalarial. In addition, all pregnant women in malaria-endemic areas with
severe anaemia are aso to be treated with antimalarials, even if asymptomatic for malaria. The
choice of antimalarials that are safe for use in pregnancy is limited, and in areas of multidrug

resistance, the options are extremely limited.

The effectiveness of any drug used to treat a patient is dependent on a range of factors including drug
sensitivity, completion of afull treatment course, severity of disease, stage of pregnancy, pre-

pregnancy immune status and HIV status. Therefore the effectiveness of any one drug varies from
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place to place and from person to person. A list of efficacious drugs commonly used for the

treatment of malariain pregnancy in malaria endemic countries around the world follows.

Treatment of non complicated malaria

Chloroquine (CQ) and quinine are safe for use throughout pregnancy and most probably aso
sulfadoxine-pyrimethamine (SP). The safety of SP use in the first trimester has not been monitored in
trials though inadvertant use of SP for antimalarial treatment during the first trimester of pregnancy
has shown no adverse effects/outcomes (222). Where there is CQ sensitivity, CQ isfirst line, and SP
second line. Where there is SP resistance, quinine should be used. Other drugs that can be used to
treat maternal malaria infection in the second and third trimesters are artemisinin derivatives,

mefloquine and amodiaguine.

Treatment of severe or complicated malaria
Treatment of severe malaria is more complicated in pregnancy. Quinine is recommended for
treatment of severe or complicated malaria. In areas of mutlidrug resistance, intramuscular

artemether has been used to treat severe disease.

Case management of malaria cases is dways important in endemic areas. However, case
management alone is unlikely to be adequate for protecting pregnant women and their unborn babies
from malaria because so many cases are asymptomatic and go undetected, hence infections continue

to contribute significant morbidity to both mother and child.

Chemoprophylaxis
In 1993 WHO recommended that all pregnant women in malaria endemic areas receive regular
chemoprophylaxis (100, 101). WHO currently recommends intermittent treatment with an effective,

preferably one-dose antimalarial drug provided as part of antenatal care should be made availablein
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highly endemic areas to women in their first and second pregnancies. Such intermittent treatment
should be started from the second trimester onwards and not be given at intervals of less than one

month apart (19).

Drug regimens currently in use in Africa include CQ alone or in combination with proguanil,
proguanil alone, or pyrimethamine alone, but the effectiveness of both CQ and pyrimethamineis
now limited due to widespread resistance. Pyrimethamine-dapsone (MaloprimO) fortnightly has
been effective in increasing birth weight and reducing anaemiain primigravidae in The Gambia
(223). Weekly prophylaxis with mefloguine has been used effectively to prevent malaria infection in
pregnancy in both Malawi (224) and Southeast Asia (225), though a recent report has found an
increased risk of stillbirths in women taking mefloquine compared to women taking other
antimalarials (226). Other reports find no indication that the risk of taking mefloquine in the first

trimester of pregnancy is greater than from any other antimalarias studied (222, 227).

Factors affecting effectiveness of chemoprophylaxis are as for treatment (listed above), but
adherence is far more complex and more difficult to achieve due to the need for repeated, frequent

administration of drug(s) throughout pregnancy.

The Box below summarises the key findings of the Cochrane systematic review of prevention and
treatment for malaria in pregnant women (228). Trias included in the review were:

(223, 225, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 248).
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Key components of the Cochrane review of prevention and treatment for malaria in pregnant

omen

Participants. Pregnant women living in endemic malarious aress.

Sudiesincluded: Any trial during pregnancy in which an attempt was made to conduct a
randomised comparison between routine preventive measures for malaria and treatment «
symptomatic malaria; or between aternative prophylaxis regimens.

Sudies reviewed: Fifteen trials were included in the review. The studies were carried out
Africaand in Thailand. Ten studies compared malaria chemoprophylaxis (either chloroq
pyrimethamine, proguanil, pyrimethamine/dapsone or mefloquine) with a placebo or nott
Two studies compared different drug regimens and two tested permethrin-impregnated b
nets.

Outcome measures:

Maternal: parasitologic, clinical illness, obstetric, anaemia

Fetal: placental infection, birthweight, gestation, mortality

Data synthesis. Meta-analysis: Using a fixed effects model and 95% Confidence Interval

Relative Risk (RR) and Weighted Mean Difference (WMD).

Effect of prophylaxis compared with placebo:

In primigravidae
fewer with severe anaemia at 34 weeks (Hb(8g)): RR 0.61 (0.48, 0.78); 1 trial (n=1132)
mean packed cell volume in mother higher: WMD 2.6 (1.3, 3.9); 2 trids (n=118)

mean birthweight higher: WMD 101 g (32, 171); 5 trials (n=683)

fewer low birthweight infants; RR 0.59 (0.41, 0.85); 3 trials (n=614)
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Multigravidae:

no significant effects

Mortality:

inconclusive, small studies (perinatal: 2 studies, n=555; neonatal: 1 study, n=349)

Any pregnant woman:

fever episodes reduced: RR 0.42 (0.27, 0.66); 1 trid (n=227)

From: 228

I ntermittent Presumptive Therapy

Intermittent presumptive treatment (IPT) applies to the periodic administration of antimalarials
during pregnancy irrespective of the presence of parasites and/or clinical illness. Theam isto clear
the placenta of parasites during the period of maximum foetal growth (24-36 weeks) and to clear

peripheral parasitaemia allowing haematological recovery.

IPT with 2 doses of SP (one in the second and one in the third trimester) has been shown to be
effective in reducing placental parasitaemia, improving birth weight (240, 241) and preventing
severe maternal anaemia (50) in primigravidae. Both studies conducted in Kenya were important
landmarks in that they provided the evidence on which to base changes in national policy for the
prevention of malariain pregnancy (228). IPT with 2 doses of SP has been policy for the prevention
of malariain pregnancy in Malawi since 1993 and in Kenya since 1999. Even in an operational

setting (Maawi), with reduced adherence (see Table 12), women receiving SP during pregnancy had
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significantly lower rates of placental infection (reduced from 32 to 23%) and low birth weight babies

(reduced from 23 to 10%). Maternal anaemia rates were also reduced (242).

Chances of achieving good rates of adherence are vastly improved since the drug is administered
only twice during 9 months of pregnancy (compared to approximately 36 doses of weekly CQ). This
is reflected in cost effectiveness analyses. While improved adherence with IPT increases cost
effectiveness against weekly prophylaxis, the use of drugs with along half-life such as SP will
potentially contribute to the spread of drug resistance and hence mitigate any health benefits.
Effectiveness of 2 dose SPisimpaired in HIV infected pregnant women, with three (243) or more
(240) doses needed to achieve sufficient levels of effectiveness, though this remains a highly cost
effective intervention even in HIV infected women (244). Safety of multiple doses of SPin HIV
infected pregnant women requires further evaluation as does the evaluation of the safety of SP when

used in combination with antiretroviral drugs (245)

No study has yet compared effective weekly malaria chemoprophylaxis with effective IPT (studies
have always compared SP IPT with either a placebo or with weekly CQ chemoprophylaxisin areas
of high CQ resistance). However, recent data from Mali indicate that, in places where chloroquine
resistance is low, IPT with SP, IPT with CQ or weekly CQ chemoprophylaxis has a similar impact
on mothers health (246). The lowered efficacy of SP when given together with folic acid raises the

guestion on whether these two drugs should be given together to pregnant women.

In low transmission areas, IPT may not be the best option because asymptomatic infection is likely to
be very low in women without acquired immunity. Infection is likely to produce acute illness and
foetal loss such that chemoprophylaxis, or possibly very active case detection and febrile case

management, may be preferable though cost effectiveness has not been established.
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Summary of drugs available for usein pregnancy

The following antimalarials are considered safe in pregnancy: chloroquine, proguanil,
pyrimethamine, dapsone-pyrimethamine (Maoprim), SP, quinine and mefloquine. The following
antimalarial drugs are contraindicated in pregnancy: tetracycline, doxycycline, primaquine,
tafenoquine. The following drugs have limited data: amodiaquine, hal ofantrine, atovaguone
(Malarone), chlorproguanil-dapsone (LapDap), artemisinin (alone or in combination with other

drugs).

Insecticide Treated Netsto protect pregnant women

Therole of ITNs in protecting pregnant women and their foetuses from the effects of malaria
infection isinconclusive. ITNs had a significant effect on maternal anaemia and, while not
significant, reduced premature births and LBW babiesin a study in an operational setting in The
Gambia (193, 247). In Kenya, use of IPT with SP in pregnancy had the same impact in both
communities with and without additional protection from insecticide treated nets indicating that
pregnant women should always use ITNs in conjunction with IPT (248). The differences seen
between these trial's are thought to be due to the different transmission settings with Kilifi, Kenya
having more intense transmission than The Gambia. Preliminary analysis from arecent tria in a
high transmission setting in Kisumu, Kenya showed that women who were protected by an ITN in
their first three pregnancies delivered approximately 25% fewer babies who were either small for
gestational age or born pre term compared with women who were not protected by ITNs (249).

During pregnancy (all gravidae) mothers showed less parasitaemia and less anaemia.

Further research is required to establish the efficacy of ITNsin pregnancy. Meanwhile, it is
recommended that all pregnant women use a combination of both chemoprophylaxis or IPT, and

ITNs.

Malaria Burden and Interventions page 59



45 Epidemic control

In Africa about 110 million people live in epidemic prone areas (250), and outside of Africathe
number is even greater. Most of these people have low immunity, as malariais normally

uncommon, so during epidemics severe disease and death rates are high. The key needs for epidemic
control are rapid response, preventing spread and maintaining early warning systemsin order to be
prepared (251). Epidemic prone areas have a higher than normal reliance on good information and
logistics systems including drug stockpiles. Epidemic early warning systems need data collection for
indicators of vulnerability (eg low immunity, population movement, drug resistance), transmission
risk (climatic factors) and early detection of increased cases (250). New methods of systematic
information collection are being developed (252, 253). A meeting of the Highland Malaria Project,
MARA and national malaria control programme managers in 1999 to develop new approaches for
surveillance and control of malaria epidemics in East Africa proposed development of a system of
nested surveillance, in which long-range forecasts, early warning and early detection could provide
warning signals as a series of “flags’, each of which is triggered by a specific set of indicators and in

turn triggers a predefined response.

Evidence of the effectiveness of epidemic control interventions is extremely limited, as it would not
be ethical to collect detailed datain epidemics without intervening. The quality of response can be
evauated, and thisis systematically done in Southern Africa (264). Alternative interventions could
be tried in different areas, but comparability of other factors would be limited. Thereis, however,
strong justification for using epidemic control measures because of the high morbidity and mortality
levels and suggestive evidence of effectiveness, such as the decline in outpatients by 90% in

Madagascar following resumption of DDT spraying in response to the epidemic in the 1980s (198).
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Evidence of effectiveness of support interventions

Fewer data are available in published literature on the impact of support interventions on malaria
burden. This may be because they are less amenable to efficacy studies, as appropriate controls are
difficult to devise for systems interventions which depend on interactions of several components.
The results may be less generalisable and thus less interesting to academic researchers, and the
quality of implementation can be difficult, though not impossible, to monitor. Where thereis
evidence of a health impact of the direct interventions, it is more useful to examine how the support
interventions affect access, use, quality and cost-effectiveness of the direct interventions they
support. Because these interventions are not specific to malaria, evidence of their effectiveness may

be obtained from other fields.

4.6 Human resource development

Evidence of the effectiveness of human resource development is limited, partly because it has not
been a research priority and it would be very difficult to measure except in individual contexts.
Numerous attempts have been made to assess performance of health workers after training, and data
from evaluations of IMCI training do suggest more appropriate treatment practice can be achieved
(254). Training of shopkeepersin Kenya led to a significantly higher proportion of drug sales for
children with fever including chloroquine and of children receiving an adequate dose (177). Other
examples of the effect of training are disappointing with practice rapidly returning to previous levels
after training (**° Equally important in terms of providing effective health care is the provision of an
environment which motivates health workers to provide good quality and quantity of work. This

includes not only adequate remuneration but also reliable access to the necessary tools such as drugs
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for treatment and transport for referral and supportive supervision mechanisms. Again there are

many unpublished examples where incentives have enabled staff to stay at their work.

4.7 Information, Education and Communication

Much of the literature is not specific to malaria but still relevant. A review of more than five
hundred articles on health education in developing countries in 1987 found only three with
satisfactory evidence of behaviour change or health impact (256). An attempt to review the evidence
on effects of maternal education is presented in Paper 9 of Working Group. A large hygiene
promotion programme in West Africa has recently been shown to cause improved handwashing
practices (257). A health education package to teach mothers to treat episodes of malariain an area
of The Gambia with no tradition of home-based treatment led to 67.9% of mothers dispensing
complete chloroquine courses and mothers interviewed weekly gave 65% more chloroquine than
those interviewed less frequently (258). Education of community, private practitioners and drug
vendors on compliance with a treatment regimen of seven days quinine and tetracycline in
Cambodia showed that use of posters and videos featuring popular actors led to a 28% increase in
number of patients buying full courses and 20% increase in the number completing the full course
(259). Posters aone had less than half the effect. These examples support the role of education, but

stress the importance of a suitable communication strategy.

4.8 Surveillance

The potential benefits of surveillance as an essential tool for planning and evaluating malaria control

programmes and detecting outbreaks are obvious. Evidence of effectivenessis difficult to measure,

as improved surveillance tends to detect more malaria. Some of the strengths and weaknesses of

different surveillance systems were discussed earlier in the paper in relation to measuring burden.
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Key issues for design of surveillance systems are the cost in time and money of different systems,
their representativeness (community-based versus facility-based), quality (accuracy and timeliness)
and the extent to which data collected is used by different levels (central and peripheral systems and
community). A documented example of the use of a geographical information system to plan

malaria control allowed development of atargeted approachto control (260).

4.9 Operational research

The effects of operational research in reducing malaria morbidity and mortality are indirect, and
would be difficult to measure. It is, however, possible to link the changes in policy and practice
related to interventions such as insecticide-treated nets to the devel oping operational research
approaches which have influenced the changes. Similarly, changes in choice of first-line
antimalarial treatment are primarily based on data from efficacy studies, but there has recently been
increased realisation of the importance of research on a broader range of social, economic and
operational factors which influence the effectiveness of a given choice of treatment (150). This
increased interest was not yet reflected by 1994, when intervention trials and health services research
did not show a change in their percentage contribution to total malaria publications between 1984
and 1994, although clinical management publications did increase (261). A great deal of operational
research does not reach publication databases, as it is often of local relevance, so changes in the

actual amount undertaken would be difficult to detect.

Global investment in malaria research in the late 1980s and early 1990s was very low compared with
other disease areas, and appeared to be declining further (261), but increased in the late 1990s (98).
The total identifiable global expenditure on malaria research in 1993 was approximately US$84
million. Expressed as investment in research per death, malaria research - at approximately US$42 per

fatal case - received less funding, by one or two orders of magnitude, than other diseases such as
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cancer, HIV/AIDS or asthma (261). The nature of operational research makes it less attractive to
research funders than more basic research, as there is need for a large number of small projects,

which arerelatively costly to administer.

Research could have a greater influence on morbidity and mortality if more efforts were made to
communicate results effectively to policy makers and implementers and to answer those questions

that implementers and communities raise rather than setting agendas within scientific institutions.

Research to develop new drugs and insecticides is essential in order to keep up with development of
resistance in parasites and mosquitoes respectively. The impact of introduction of new drugs has
been mentioned earlier (decreased mortality in Vietnam with wide access to artemisine and

decreased incidence in Thailand on introduction of mefloquine-artesunate combination).

5 COVERAGE

5.1 Case management

Access to government health facilities varies widely in different countries and at different times, but
has been estimated at around 50% in developing countries (176). Other sources of treatment are
formal and informal private providers including traditiona healers and shops selling drugs for self-

medi cation.

Diagnosis

Utilisation of different diagnostic methods varies greatly among countries and regions. In general
clinical diagnosis is the most common method throughout most of Africa and in more remote areas
of other continents. Microscopic diagnosis is widely used at health centre and hospital level in much
of Asia, Oceania and the Americas in the public sector. Rapid diagnostic tests are still used on a

very limited scale anywhere.
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Treatment

Problems of access to treatment in the public sector are well-recognised as a key constraint to
reducing the burden of malaria. It would be difficult to quantify coverage of effective treatment, as
the situation varies very widely from country to country, and aso fluctuates widely with time in
relation to fluctuating funding sources. There is some evidence that countries with revolving drug
funds such as the Bamako Initiative are less susceptible to ruptures in drug stocks in peripheral

facilities than those countries with centrally controlled and financed systems.

Shops salling drugs are a more consistent and widely spread network of access to antimalarialsin

many but not all countries, although the quality is a problem in many places.

5.2 Mosquito nets and insecticide-treated mosquito nets

With continuing high levels of morbidity and mortality due to malaria and following from the
evidence of high levels of efficacy of ITNsin the trials described above, the need to increase
household level usage of ITNs has been recognised. Many programmes and projects have been
established either with ITNs being their main foci, or with ITNs as one of their packages of
intervention. The methods of promotion and distribution of ITNs used in these projects/programmes
have varied, as has their degree of success. Asit is quite clear that health impact is not measurable
under routine programme conditions, the main measure of success of such ITN projects/programmes
has been their ability to increase either the household coverage of ITNs, or coverage within their

specific target groups.

Nets
In some countries, nets are not a new phenomenon but have historically had high levels of usage,

such asin The Gambia. Nets were being used, mainly as a barrier to the biting of mosquitoes before
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the advent of any project/programme that promoted their use. Household coverage levels of netsin
different regions of The Gambia have varied between 51% and 86% (262, 263). These are coverage
levels for rural areas and in general, net coverage tends to vary not only between regions, but also in
the urban rura context. In other countries the situation is not so clear asit isin The Gambia. More
and more evidence is being found that even in countries where the overall net usage is very low,
there maybe pockets of very high level net usage, often around riverine areas where the mosquito

biting nuisance is high.

Reported nation-wide coverage levels of mosquito nets (defined as percentage of households owning
one or more nets) include: Angola <1%(264), Botswana >50%(264), The Gambia 58% (263),
Malawi 7% (265, 266), Mozambique <1% (264), Tanzania 70% (urban), 7% (rura) (264), Zambia
<10% (264), and Zimbabwe 2% (264) and 7% (267). This nation-wide data may mask wide regional
variations (Table 11) asin rural areas of Tanzania, Dodoma 18%, Morogoro 53% and Mtwara 7%
(268). Although generally net usage is felt to be higher in urban than rural areas, mostly due to
availability and affordability, thisis not always the case. In Accra rural coverage was found to be

93%, whilst in Accra urban it was only 16% (269).

The variations listed above emphasise the need for programmes to conduct a baseline assessment of
net coverage before implementing an ITN programme. It should not be presumed that a low nation-
wide net coverage can be trandlated directly to low coverage in a particular region or district. It
should also not be presumed that the previous absence of an ITN programme ensures absence or low
coverage of netsin the area. Nets are found for sale on many local markets throughout Africa and

Asa
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ITNs

Thereis little available data on the coverage of ITNs at household level, where datais available it is
usually post project/programme. In the Mekong countries coverage with I TNs has been reported as
the percentage of the population at risk who are covered by ITNs, Cambodia 12%, China (Y unnan
Province) <1%, Lao People’' s Democratic Republic 9%, Myanmar <1%, Thailand 3% and Vietham

26% (52).

M ethodological issues on net cover age

The methods used to assess net coverage have been very varied, they have included household
surveys through questionnaires and through observation; Knowledge, Attitude and Practice (KAP)
surveys; school surveys; bus-stop surveys. It is often difficult to compare data as there is such a
variation in the methods used in its collection. Coverage has been reported as. percentage of
households with one or more nets, number of nets per net owning household; percentage of children
under 5 reportedly covered by nets in net owning households; percentage of children under 5
reportedly covered by netsin the total population of under 5s; percentage of pregnant women
deeping under a net; and coverage per capita. By far the most common measure is that of percentage

of households with one or more nets.

Within the studies that have measured percentage of households with one or more nets there is
variation in the standard of the sampling schemes. Sample size is obvioudly critical and has tended to
be lower in KAP surveys that have asked a wide range of questions to arelatively small number of
people. Also critical, given the way in which there may be great variations in net usage within a
region and within a district, is the way in which the surveys have been randomised. Many of the
published studies do not clearly state how the sample has been randomised — just that it has been. If
randomisation is adequately considered within the sampling design then both methods of Cluster

Sampling (as in EPI) and Simple Random Sampling, may give comparable measures of net coverage.
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There have been debates about the possible biases involved in assessing both net ownership and net
usage by asking a direct question such as ‘did you sleep under a net last night? . Consequently some
investigators have used observation of nets in the household to answer questions on both ownership

and usage.

There is a need for more standardised survey protocols that will help programme managers to collect
appropriate data for both an evaluation of their programmes and for the wider question of household
coverage of nets. On the wider coverage, some of the most recent DHS surveys have included a
malaria module with a question on nets, the data is not yet available, but promises to be a good way
of measuring net coverage on alarger scale. Four recent surveys from which such data will shortly

be available include Guineain 1999, Malawi 2000, Rwanda 2000 and Uganda 2000.

Methodological issueson ITN coverage

Unlike nets ITNs are not a commodity which have been available and in common usage, they are a
relatively new technology about which there are still many lessons to be learned, both technical and
operational. Although the net is a visible commodity which can be counted and observed in
households, thisis not so for insecticide on the net. There are as yet, no practical field based tests for
measuring the amount of insecticide on a net and therefore surveys have to rely on questions about

treatment and re-treatment.

When anet is treated with insecticide, this insecticide will remain effective at repelling and killing
mosquitoes for a limited period of time, usualy 6 months to 12 months, depending upon the
particular insecticide and the frequency of washing. When an ITN is purchased it will therefore be an
ITN for aset period of time, after which, if not re-treated, it will revert to being just anet. Thereisa
distinction to be made between nets that have been ‘ever treated’ and nets that have been ‘re-treated’.

This distinction is not always made. Even when re-treatment data is carefully collected, without
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knowing the frequency of washing or being able to measure the amount of insecticide remaining
upon the net, it is not clear whether what is being counted is an effective ITN, or an ineffective ITN

which is basically equivalent to an untreated net.

5.3 Indoor residual spraying

Comprehensive data on reported coverage of indoor residual spraying are not available, but some

useful summaries are available for Southern Africa and the Mekong region (Table 12).

5.4 Pregnancy interventions

The datain Table 13 on coverage of malaria control interventions in pregnancy were collected
through special surveys either as part of research on interventions (those which list a publication) or

as part of national surveys (e.g. Nigeria).

6 COST-EFFECTIVENESS

Given the high economic burden of malaria described earlier, a strong case can be made for
much greater expenditure on malaria prevention and control than thereis at present. Data on
the cost-effectiveness of malaria control interventions are limited. A review of fourteen
studies of cost-effectiveness of malaria control measures (270) points out the limited data on
costs and effects of residual spraying and IMCI and complete lack of data on epidemic and
environmental control and treatment of severe malaria. Cost-effectiveness will also vary
according to delivery strategy for a given intervention. Most interventions are not used in
isolation, but as part of variable packages of complementary interventions, and it is very

difficult to estimate the costs and effects of these. It was noted that the effects of
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chemoprophylaxis combined with treated nets in the Gambia was less than the sum of the
incremental effectiveness of the interventions when applied alone (271, 272), but there are
potential cost-savings in combining interventions where resources are shared. In order to be
useful to policy makers for resource allocation the cost-effectiveness of malaria control
Interventions needs to be compared with that of other health care interventions measured with

a comparable methodology, which is rarely done (270).

In order to address the gap in evidence, a modelling approach has recently been used to
estimate cost-effectiveness ratios for the main malaria prevention and treatment options in
sub-Saharan Africa (273), and it showed that several interventions are cost-effective and an
attractive use of resources (Figure 1). A cost-effectiveness range of entirely less than $150
per disability-adjusted life year (DALY) averted was considered attractive and entirely less
than $25 was considered highly attractive in a very low income country(274). The authors
point out, however, that high coverage with a package of cost-effective interventions,
including intermittent treatment of pregnant women, insecticide treated nets and improved
case management is not affordable by very-low-income countries, so that substantial financial

support from external donors is needed.

6.1 Case management

Various approaches to improving case management are described earlier. Attempts have been made
to model the cost-effectiveness of providing confirmed diagnosis (275), improving compliance,

increasing access to second and third-line drugs and changing the first line drug (273).

6.1.1 Diagnosis

In areas of multidrug resistance the cost-effectiveness of confirmed diagnosis increasesiif it resultsin

reduced use of more costly drugs for misdiagnosed cases (275, 276). If combination therapy is
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introduced in order to avert multidrug resistance, where it has not yet arisen, confirmed diagnosis
will also save substantial costs of the more expensive treatments. If rational use of drugs through
better diagnosis actually delayed development of resistance to cheaper drugs, there would also be
cost savings. In Malawi the restriction of antimalarial drugs in a hospital outpatient department to
patients shown by microscopy to have parasites led to a dramatic reduction in drug use estimated to
represent 3% of the hospital’s drug budget. This cost saving was considered large enough to
recommend a change in policy to requiring microscopic diagnosis (277). In Brazil significant cost
savings (travel costs and lost wages) were achieved by establishing a community based programme
for dipstick diagnosis and mefloquine treatment (278). The current reliance on clinical classification
in the Integrated Management of Childhood IlIness (IMCI) may need to be reviewed in some

settings, as drug costs escalate, in order to reduce overtreatment.

6.1.2 Appropriate Drug Policies and Practice

Appropriate national drug policies and practice can enhance treatment efficacy and
compliance, and minimise risks of rapid development of further resistance. They can thus
limit costs to institutions, communities and families. Severa elements of drug policy can
influence cost-effectiveness. Improvement of compliance to chloroquine treatment through
training, health education and drug pre-packaging was shown to be cost-effective in the model
previously mentioned (273), the cost-effective range being $2-8 in a high transmission area
with 30% clinical failure rates and less than $25 up to 77% chloroquine resistance. Inlow
transmission areas the model showed a cost-effectiveness range of less than $25 up to 24%
resistance and less than $150 up to 87% resistance. Improved availability of second- and
third-line drugs had a cost-effectiveness range of $0.7 —3.0 in high transmission areas,

becoming more cost-effective, as resistance increased.
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Analysis of the cost-effectiveness of changing first-line treatment is more complex, as it
needs to take account of the increase of drug resistance over time and trade-offs among
higher drug costs, immediate decreases in mortality and morbidity and potential increasesin
resistance to replacement drugs which could increase mortality and morbidity in the future
(138). A study in Tanzania modelled the costs and effects of changing first-line treatment
from chloroquineto SP. It showed that, considering all drug and non-drug cost-savings the
cost per operational failure averted would be $0.20, and the cost per death averted $14, even
taking into account the high costs associated with changing policy. However, the authors
emphasised that the results should be interpreted with caution, given the high degree of

uncertainty involved (279, 280).

6.1.3 Integrated Management of Childhood IlIness

RBM aims to control malaria in the whole population, while IMCI is addressing children under the
age of five years for the five mgjor childhood illnesses (diarrhoea, acute respiratory diseases,
malaria, measles and malnutrition). IMCI can lead to efficiency gains by planning, budgeting and
upgrading skills of health workers for al mgor childhood illnesses together rather than, for example,
by continuing to conduct separate, disease-specific training courses and supervisory visits.
Preventive care and the selective, appropriate referral of patientsis far more cost-effective than late
treatment of illness and haphazard referral. There are also synergies between the impacts of multiple
community behaviour changes, as compared with their individual impacts. Reviews of IMCI
implementation in various countries indicate potential cost-effectiveness of the approach. Many of
the components of the approach have proved to be cost-effective as single interventions, and it is
expected that their integration should increase cost-effectiveness. The Inter-Agency Working Group
on IMCI has recently published an economic rationale for investing in IMCI which ranks IMCI

among the 10 most cost-effective interventions in both low and middle income countries. Examples
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of cost savings included a 1994 study in Kenya showing that IMCI reduced per child treatment costs
from US$0.44 to $0.16 and data from Uganda showing that IMCI reduced the number of drugsin
standard practice from 50 to 11, reducing the average cost per child from US$0.82 to $0.17. IMCI
has been estimated as being able to avert 14% of the global burden of disease at a cost of $US1.60

per capita per year or $40 per DALY (281).

Data on actual as opposed to potential cost-effectiveness of IMCI are limited, as it has only been
introduced on a small scale so far, but a multicountry evaluation of IMCI effectiveness, cost and
impact is addressing the issue and should provide results in 2004 to 2005 with descriptive

information on district level costsin Tanzania and Bangladesh in 2002 (182).

6.2 Insecticide treated materials

Preventing malaria is cost-effective through reduced expenditure on treatment and lives saved
from ITN use (282). Economic losses from malaria could be reduced by 37.3% over a 3-year
period in Malawi by extensive bednet use, and net use in Cameroon could result in reduction

of malariarelated costs by 9.3-11.2% (283).

With the use of mathematical models the cost-effectiveness range of insecticide treated nets treated
once per year was estimated to be $19-85 or, if only the insecticide was needed , $4-10. If treatment
was needed twice a year the ranges would $25-96 for treated nets and $9-23 for insecticide treatment
only (273). If, however, there is rebound mortality later in childhood as a result of reduced exposure
in early childhood from ITN use, the cost-effectiveness of ITNs could be reduced (284). The model
showed that the age range over which rebound mortality might occur isacritical determinant of the
thresholds at which one cannot be reasonably certain that ITNs are cost-effective in the long term. It

is unlikely that the threshold rate of rebound would be reached if rebound occurs over the range of 5
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to 9 years, but if rebound occurs over the ages of 3 to 6 years, the mortality rates required to reach

this threshold are more probable.

6.3 Indoor residual spraying

Residual spraying with a pyrethroid was estimated to have a cost-effectiveness range of $16-29 for

one round per year and $32-58 for two rounds per year in very low income countries (273).

6.4 Interventionsto protect pregnant women

There are relatively few usable studies for cost effectiveness analysis (CEA) and only 3 for
chemoprophylaxis in pregnant women (285). As with al CEA, there are significant variations in cost
effectiveness from place to place depending on epidemiology, relative costs, existing infrastructure,

scale of activity, compliance/ coverage, managerial capacity etc. (286).

One of the earlier studiesin Maawi showed that two dose SP in first and second pregnancies was
markedly more cost effective in preventing infant death than either SP treatment followed by weekly
CQ prophylaxis or CQ treatment followed by weekly CQ - $75 per infant death prevented as

compared to $ 481 and $ 542 respectively (287).

A more recent analysis which combined data from a meta analysis of strategies for preventing
malaria in pregnancy with information on costs from a range of published and unpublished sources
showed that chemoprophylaxis and intermittent treatment administered to primigravidae in
subSaharan Africais highly cost effective in terms of reducing neonatal mortality where antenatal
care services aready exist (244). The analysis excluded other health benefits associated with
antenatal malaria chemoprophylaxis, namely increased survival in children older than 28 days and
significant reductions in morbidity (number of malaria episodes in primigravidae and anaemia) and
mortality in mothers. Also, it was not possible to analyse the variation in cost effectivenessin

different epidemiological settings because the analysis was based on the Cochrane meta analysis
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(241) which combined data from studies conducted under both perennial and seasonal transmission
settings. Similarly, it was restricted to primigravidae because the Cochrane review only reported a

significant impact on LBW in the first pregnancy.

The analysis shows the mean cost per DALY averted using 2 doses of SP in alow income country
with no drug resistance was $12 and $21 when using weekly chloroquine throughout pregnancy.
Both regimens are considered ‘highly attractive’ ( optionsin this setting, falling below the threshold
of $25 per DALY averted, SP being more cost effective than chloroquine due to improved
compliance: 2 doses as opposed to weekly doses throughout pregnancy). Cost effectiveness
decreases with decreasing drug sensitivity, though even with high levels of resistance (69% for CQ
and 83% for SP) both drug regimens remain *attractive’ malaria interventions (falling below the
threshold of $150 per DALY averted). Due to widespread chloroquine resistance in Africa, SP offers
the most cost effective option for most parts of Africatoday (even with SP resistance levels of over
40%, 2 dose SP would still be more cost effective than CQ with zero CQ resistance). IPT with SP
remains cost effective even at three doses and one extra clinic visit ($21 compared to $12 per DALY
averted) and so provides a cost effective strategy for HIV infected women. A more recent cost
effectiveness study supports this finding (288). IPT with SP given to pregnant women with HIV
seroprevalence rates greater than 10% (monthly SP regimen) and at HIV seroprevalence rates less
than 10% (2-dose SP regimen) are both cost effective interventions when compared with two other

SP regimens and febrile case management with SP.

The mean cost per DALY averted in middle income countries with no drug resistance was similar to

low income countries - $13 for 2 dose SP compared to $12 for low income countries.

While the cost effectiveness analysis covers only primigravidae, it is desirable to offer antenatal

mal aria chemoprophylaxis to al pregnant women for a number of reasons. Firstly, while on an
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individual level primigravidae are more susceptible to adverse effects of malariain pregnancy in
stable endemic areas, women of all parities are at risk of severe disease and death in areas of unstable
or seasonal transmission and would benefit from IPT (289). In addition, HIV infection may increase
malariarisk in multigravidae (290). In addition to reasons of biological vulnerability, there are
several practical reasons that would complicate the application of different strategies to different
groups. Both IPT with SP (2 doses) and weekly CQ are cost effective interventions when applied to

all pregnant women ($32 and $60 per DALY averted respectively).

While malaria chemoprophylaxis for pregnant women is a cost effective intervention on its own, it
provides an opportunity to combine antimalarial chemotherapy with micronutrient supplements (iron
and folate), anthelmintics, and screening for and treatment of severe anaemia as a comprehensive

package of antenatal care.

Cost effective analyses for malaria treatment specifically among pregnant women have not been
undertaken, though CEA for treatment in al ages, for both inpatients and outpatients has been done

(244).

7 APPROACHESTO ADDRESS CONSTRAINTS

Given that there is a set of cost-effective interventions the high toll of avoidable deaths and disease
caused by maaria indicates that there are important constraints to their use. If Roll Back Maariais
to reach its ambitious objectives, there is an urgent need to scale up the use of interventions to reach
much greater numbers of people quickly but aso with adequate quality and attention to
sustainability. The major constraints to scaling up tend to apply to all the priority interventions,

although there are some specific issues for each.
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Table 14 lists the key constraints related to each intervention and possible approaches to reducing
them. Table 15 summarises priorities for addressing major constraints applicable to all interventions.
Given comprehensive strategies to address these constraints, many of which are not specific to

malaria, there is a high probability that increased investments will substantially reduce the burden of

malaria
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Table 1: Malaria cases reported to WHO in selected years from 1982 to 1987 by continent

Y ear Africa Americas Asia Oceania World Total
1982 8,045,746 713,878 5,580,381 190,332 14,530,337
1987 21,294,523 1,016,327 4,058,717 263,653 26,633,220
1992 21,371,102 1,186,053 3,939,559 193,103 26,689,817
1997 12,260,126 1,054,230 5,288,916 112,329 18,715,601

Source: 291 (original shows details by country).
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Table 2: Estimates of malaria morbidity and mortality in African children under five years old (derived from (29))

Malaria manifestation Number cases* Incidence per 1,000 Number deaths Casefatality
children at risk per rate (%)
year

Cerebral malaria (CM) 6.1 110,000 19.2

Neurological sequelae of CM 47,000-75,000 0.5-0.8 - -

lasting less than 6 months

Neurological sequelae lasting more  9,000-19,000 0.1-0.2 - -

than 6 months

Severe malarial anaemia 1.42-5.66 million 15-60 190,000-974,000 13.4-17.2

Respiratory distress 8.4 110,000 13.9

Hypoglycaemia 8.1 153,000-267,000 20-35

Malaria-associated low birth weight  167,000-967,000 live births ~ 8-45 per 1,000 live births  62,000-363,000 live births  37.5

Malaria febrile episodes 150.9-509.5 million 1,600-5,400 0.9-2.3 million 0.2-1.5

* Numbers show all cases, including those from overlapping conditions
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Table 3: Estimates for 1999 of relative burden of disease of global top six causes of death due to communicable diseases by WHO region

Cause World World Africa Americas Eastern Europe  Southeast  Western
Mediterranean Asa Pacific
000 % total 000 000 000 000 000 000
Total desths (all causes) 55,965 100 10,436 5,687 4,218 9,057 14,270 12,297
Total deaths (communicable diseases) 14,025 25.0 6,309 635 1,100 452 4,440 1,091
Respiratory infections 4,039 7.2 1,086 299 343 275 1,523 514
HIV/AIDS 2,673 4.8 2,154 81 29 15 360 34
Diarrhoeal disease 2,213 4.0 765 74 300 30 978 67
Tuberculosis 1,669 3.0 357 59 112 60 723 359
Malaria 1,086 1.9 953 2 44 0 69 16
Meades 875 1.6 514 1 97 4 241 17
Population (000) 5,961,628 616,435 813,065 485,266 871,845 1,508,242 1,666,776

Source: 292
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Table 4: Comparison of diagnostic approaches (293)

Diagnostic approach

Advantages

Disadvantages

Clinical diagnosis

No specia equipment,
supplies nor extra staff
Relatively cheap

Notorioudly inaccurate
in all settings

Where treatment fails
no evidence of cause
Hidden costs to patient
of repesat visits

Waste of increasingly
costly drugs
Microscopic Diagnosis

Microscopic diagnosis

Accurate if skilled staff
Diagnoses all species
Can monitor progress of
parasitaemia

Takes time and patient
may not wait
Specialy trained staff
and costly equipment

No capillary tubes Reagents needed
Labs have multiple uses Quiality control needed
Rapid Tests HRP2- Less skilled staff. Results Cannot follow
based easy to interpret parasitaemia
Quicker than dlide, so results Positive result up to 2
available to patient on one weeks post clearance
visit Safety of sampling
No high cost Short shelf-life
equipment/electricity Cost high
Rapid Tests pL DH- Less skilled staff. Results Cannot follow
based easy to interpret parasitaemia
Quicker than dide Safety of sampling
Negative result on parasite Short shelf-life
clearance Cost high

No high cost
egui pment/el ectricity
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Table 5. Summary of characteristics of common antimalarial drugs that should be considered in drug selection
294

Source:
CQ SP OQ AQ ASU MQ HAL QD Q/T Q/SP CQ/SP MQ/ AT/PR ART/
(25mg/kg) ART LUM

Cogt(US$) 0.07 008 1.35 0.15 2.16 3.22 4.75 147 16 0.66 0.15 5.38 42 <4?
adult dose
Treatment 3 1 7 3 5 1 2 3or7/7 3,50r7 3 3 3 3 3
Duration (days
Adherence ++ +++ + ++ + ++ ++ + + ++ ++ ++ ++ ++
probability
Significant + ++ ++ +++ +/++ ++ +++ ++ ++ ++ ++ ++ +7? +7?
Side Effects
Evidence of + + + + - + + -(?) -(?) + + - -(?) -(?)
Resistance

Legend

CQ chloroquine MQ mefloguine

* sulphadoxine/pyrimethamine HAL halofantrine

Q quinine ART artemisinin & derivatives

D doxycycline LUM lumefantrine

T tetracycline AT/PR  atovaguone/proguanil

AQ amodiaquine
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Table 6: Efficacy of currently used antimalarial drugs and some newer combinations

Drug Efficacy Referenc
e
Chloroquine Very variable, resistance for yearsin Asia, Oceaniaand Latin 133
(CQ) America, efficacy declining in Africa, more rapidly in East and
Southern Africa
Sulphadoxine (or Variable, resistance developed quickly in Asia, and is 295, 296
Sulfalene) / doing so in E. Africa. In vitro sensitivity declined in Kenya from
Pyrimethamine  late 80s to mid 90s.
(SP)
Amodiaguine Resistance present but less than chloroquine in same countries. 297, 298
Cochrane review included 40 of 72 trials identified from 1983 to
1994, 38 in Africa. Similar to SP on day 7 but less effective day
14 & 28. Severe adverse reactions only on prophylaxis.
Artemisinin and 41 trials in uncomplicated malaria, mainly in SE Asia, in 299,
Its derivatives Cochrane review showed fast parasite clearance and high cure 300,
rate with adequate treatment duration. No worse than quininein 301,
preventing deaths in 23 trials in severe malaria. Artemether as 302,
effective and better tolerated than quinine for severe malaria(9 303, 304
randomised controlled trials -RCTs). All isolates tested in vitro
in Thailand highly sensitive to artesunate, but 1Cso higher in
areas of multidrug resistance. One report of in vitro resistance to
artemisinin derivatives in a patient infected in Mali.
Quinine Some reduction of efficacy in Southeast Asia 305
Mefloquine Efficacy low in SE and E Thailand in early 1990s 306, 307
Halofantrine High sensitivity with three day not one day treatment on Thai- 308
Burmese border in early 1990s.
Non-artemisinin combinations
Quinine/ Addition of tetracycline or doxycycline restores efficacy where 309
tetracycline thereis quinine resistance. Seven days quinine better than 3
or doxycycline  days quinine with 7 days tetracycline.
Chloroquine/SP 2 studiesvs SP and CQ aone. Shorter fever clearancetimethan 310, 311
SP. Parasite clearance not significantly different. Better than
CQ not SP on day 28
Amodiaquine/SP  Similar results toCQ/SP — 3 studies. Recent unpublished results 310,
in Uganda higher rates of clinical and parasitological curethan  (Kamya
with /P aone but not AQ aone. etal)
Atovaguone/ High efficacy in Thailand and Gabon 312, 313
Proguanil
Chlorproguanil/  Studies in Kenya and Tanzania have shown high efficacy. 314
Dapsone
Artemisinin combination
Lumefantrine- 28-day cure rates with a 4-dose regimen were 95.1% outside 315,
artemether Thailand and 76.5% in Thailand. 6-dose regimen gave a 28-day 316, 317
cure rate of 97.3%. In Africathe 28-day cure rate complemented
by PCR studies to distinguish re-infections from recrudescences
showed a corrected cure rate of 92.7%
SP/artesunate High efficacy in The Gambia. Other countries to report very soon 318
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Table 7: Impact of using ITNs on overal mortality, mild malaria disease, parasitaemia and anaemia,
measured in RCTs

Country Impact (Protective Efficacy’) Anaemia Source

Overdll Mild Parasita (Weighted mean difference in
Mortali  disease emia PCV [%] ) Treated nets vs no

ty (fever + nets/untreated nets
parasitae
mia)
BurkinaF. 14% 9% 15 184
Cameroon 28% 319
The 23% 7% 0.3 320
Gambia
The 45% 14
Gambia
The 43% 17% 0.6 321
Gambia
The 72% 18% 2.7 322
Gambia
Ghana 18% 4% 1.2 15
Guinea 29% 323
Bissau
Kenya 29% 51% 16
Kenya 30% 324
Kenya 40% 325
M adagascar 21% 326
Pakistan 62% 42% 327
Sera 49% 54 328
Leone
Tanzania 55% 2.1 329
Thailand 46% 330
Thailand 22% 331

! Impact under trial conditions
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Table 8: Impact of untreated nets in comparison with no nets under operational conditions

Country Impact (Protective efficiency) Source
Parasitaemia Anaemia

The Gambia 37% 38.5% 332

Tanzania 51% 37% 195
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Table 9: Impact of using ITNs on overal mortality, mild malaria disease, parasitaemia and anaemia,
measured under operational conditions

Country  Study Impact (Protective efficiency?) Source
Oveadl Mild Parasita Anaemia
mortality disease emia
(fever and
parasitaem
ia)
The Longitudinal 25— 192
Gambia surveillance  40%
The Casecontrol 0% 59% 3 193
Gambia  study 0% 4
Pakistan Case control 78%° 194
study 69% °
Tanzania Cross 62% 63% 195
sectional
survey
Tanzania Casecontrol  27%' 333

2 |mpact under operational conditions

% Matched with health centre controls

4 Matched with village controls

® Plasmodium falciparum

6 p. vivax

" reduction in post-neonatal child death. Combined with coverage data this suggests that | TNs prevented 1 in 20 post-
neonatal child deaths, if the effect of untreated netsis taken into account, then thisincreasesto 1 in 10 post-neonatal
child deaths prevented.
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Table 10: Delivery options for nets

Strategies

Operational characteristicsand Indicators

Intended Scopefor Pricing Policy Targeting of Targeting of delivery by Intended Impact on Indicator sof oper ational success
Duration of  scaling up delivery by socio-economic status  (the Commercial Market
Intervention Geographical poor) and/or by Biological
Area vulnerability tomalaria
(children & pregnant
women)
Demand creation only Medium Unlimited Market forces Possible — No Stimulation of demand Commercial salesvolumes
- no supply/delivery term depends on % coverage
size/scaleof Cost effectiveness of demand
markets and creation
reach of
promotion
SustainableSubsidies  Permanent  Limitedby  Freeor very cheap Possible Essential Complementary % additional coveragein tar get
for Equity size of target (Equity) (may stimulate demand in norn+ groups
group target groups) effectiveness of targeting (leskage
to non-target groups)
Cost per net delivered to target
group
Revolving fund Permanent Limited by  Pricemust cover dl Possible Usually undesirable Competition / substitution Project sales volumes
finances costs (including - Selling to al helpsto spread Financial viability (independence
distribution, fixed costs, keeping prices from subsidy)
handling, down Cost per net delivered
administration) % coverage
Product based Per manent Limited by Similar or lower Possible — Some segmentation possible Stimulation of demand Project sales volumes
Social marketing finances than the commercial depends on “crowding-in” Commercial salesvolumes
market delivery (avoid “crowding-out™) % coverage
channels cost per net delivered
“crowding-in” versus “crowding-
out”
" Pump-priming" Temporary  Limited by Cheap Possible Possible Stimulation of demand Increased salesin commercial
time (to encourage take- market (usually post-intervention)
up) Cost effectivenessof demand
but not too cheap creation
(toreduce perceived
value)
Emergency Relief Temporary Limited Free or very cheap Essential Biological targeting possible, Irrelevant No. ITNs delivered,
(Equity) but econolmki; targeting % coveragein target groups
unlikely

© J. Lines and J. Webster
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Table 11: Net coverage data from project baseline surveys and non-project areas

Country Region / Rural / Year % HHwith>/=1 Source
District Urban net
BurkinaFaso Bobo- Urban 1996 39% 334
Dioulasso
BurkinaFaso Ougadougou  Urban 1996 52% 334
BurkinaFaso Ouahigouya Urban 1996 45% 334
Cameroon Doula Urban 1990 48% 335
Cameroon Y aounde 1989 14% 335
Congo- Brazzaville Urban 1990 73% (<10yr) 69
Brazzaville
The Gambia  Nationwide Rural 1991 58% 262
The Gambia Eastern Rural 1991 51% 262
The Gambia  Central Rural 1991 76% 262
The Gambia Western Rural 1991 51% 262
The Gambia Farafenni Rural 1991 86% 263
Ghana Accra Rural 1992/93 93% 269
Ghana Accra Urban 1992/93 16% 269
Ghana Accra Urban 1996 9% 336
Ghana Kumasi Urban 1996 21% 336
Ghana Tamale Peri-urban 1996 17% 336
Ghana DangmeWest Rural 1995 17.8% 337
- Prampram
Ghana DangmeWest Rural 1995 16.6% 337
- Dodowa
Ghana Navrongo Rurdl 1990 4% 338
Guinea Bissau Town  Urban 1986 69% 263
Bissau
Kenya Uriri (West Rural 1988 9% 324
Kenya)
Kenya Bungoma Rural 1996 8.9% 339
(West Kenya)
Malawi Nationwide Urban + 1992 7% 340
Rural 266
Malawi Blantyre Urban 1998 28% 341
Malawi Blantyre Rural 1998 14% 341
Mali Gao Rural 1996 69% 334
Mali Kayes Rural 1996 41% 334
Mali Mopti Rural 1996 53% 334
SeralLeone Bo Rural 1990 6% 263
Tanzania Dar es Sdlaam Urban 1998 63% 268
Tanzania Dodoma Rural 1998 18% 268
Tanzania Morogoro Rural 1998 53% 268
Tanzania Mtwara Rural 1998 7% 268
Tanzania Bagomoyo Rural 1993 5% 342
Tanzania Kilombero / Rural 1996 37% 343
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Ulanga
Tanzania Kilosa Rural 1996 21% 344
Zambia Macha Rural 1997 12% 345
Zambia Mtendere Rural 1997 16% 345
Zimbabwe Nationwide Urban / 1996 7% 346
Rural

Source: 347
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Table 12: Reported coverage rates of indoor residual spraying

Country Population at risk Number protected %
Cambodia 0

China (Y unnan Provini 14,099,000 1,597,000

Lao PDR 0

Myanmar 36,400,000 295,000

Thailand 44,414,000 930,000

Vietnam 41,939,000 2,636,889

Angola 1,196,700 10
Botswana 459,096 74
Malawi NA

Mozambique 1,450,620 9
Namibia 654,588 60
South Africa 7,087,283 80
Swarziland 265,335 95
Tanzania NA

Zambia NA

Zimbabwe 2,000,000 34

Source: 52 / 264
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Table 13: Coverage of malaria control interventions in pregnancy

Intervention Coverage Rates
Cameroon Kenya  Malawi Nigeria  Uganda Africa
Region
ANC 80% 87% 80%
:348 287 :349

Chemoprophyl  77% Cqor 29% of 1-18%
- pyrimetha primigr  with CQ
Axis® mine avidee :352

:350 :351
Antimalaria Lessthan  Over 75%
Treatment half of 66%

:353
Intermittent 75% one
presumptive dose SP
treatment 30% two
doses SP°

8 Of the 24 million pregnant women at risk of malariainfection each year, less than 5% have access to effective
interventions (SARA/USAID, 2001).

® Despite fairly low adherence with 2 doses, rates of placental infection and low birth weight babies were significantly
reduced
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Table 14. Constraints related to specific priority interventions

Intervention Constraint Approachesto removing
constraints
Technical Behavioural Systems
Case management -Increasing drug - Poor quality of -Cost of newer drugs -Reduce drug prices
(diagnosis and treatment) resistance management at home -Poor quality of -Invest in research

- Health worker

management in

-Increase priority to systems

performance sometimes  facilities support to ensure access to
poor -Limited access to high quality management, with
public sector IMCI
-Limited guidance of -Invest more in home
private sector management
Insecticide treated - Concernson insecticide  -Acceptability of nets -Access to high risk -Expand commercial markets
materials (ITMs) resistance -Willingness to retreat groups through intense promotion and

-No alternative to
pyrethroids identified

nets

-Very poor retreatment
rates
-Cost

market environment while
providing for the poorest
-Improve technology for and
ensure access to long lasting
treatment

-Develop new insecticides

Indoor residual spraying in
certain environments

-Insecticide resistance in
some areas
-Limited alternatives

L ow acceptability

-Cost of insecticides
-Lack of infrastructure
-Poor maintenance of
quality

-Assess effectivenessin
operational conditions
-Develop new insecticides
-Reduce prices

Protection of pregnant
women

-Few drugs known to be
safe

-No clear dternative to
SP for intermittent
treatment

-Fear of drugsin
pregnancy

-Low utilisation of
antenatal care in some
countries

-Low involvement of
reproductive health
services

-Drug supply issues

-Engage with reproductive
health services
-Test candidate drugs
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Epidemic control

-Determinants of
epidemics not aways
clear

-Prediction inadequate

-Action is not always
taken even with
information

-Early warning systems
not maintained

-Cost of preparedness

-Develop better early warning
systems

-Develop supervised
management systems

Human resource
development

-Lack of management
skills in programme
managers

-Lack of consensus on

-Motivation low due to
lack of enabling
environment

-Working
environments poor
(salaries, incentives,
working tools,

-Develop long term capacity
development plans

-Increase resources

-Explore incentives

training methodologies supportive
management)

Information, Education -Information is not -IEC isnot dways based -Approachesto scaling -Greater investment in
and Communication available to those who on understanding of up from locd to communications strategies
need it population national unclear and

underresourced

Surveillance

-Systems to collect
community based as well
as facility-based data
poorly developed

-Motivation to collect
data low where
incidence low

-Quality difficult to
maintain
-Opportunities to use
data at periphery
limited

-General systems strengthening
-Invest in population based
data

Operational research

-Country relevant
operational research
poorly funded
compared to basic
research

-Not a priority to
industry
-Management of OR
cumbersome

-Develop local capacity
-Introduce private sector
incentives

-Identify organisations which
can manage operational
research grants
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Table 15. Approaches to addressing key constraints applicable to all interventions

Constraint

Approaches to removing constraints

Human resources

-HRD plans accounting for high attrition
-Pre-service investment
-Strategies to improve healthworker motivation

Funds

-Approach tailored to make best use of local resources
-Longterm increased support

User behaviour

-Higher priority to communications strategies

-Build on community priorities and ongoing activities
through dialogue

-Explore approaches to expand community approaches
more efficiently

Systems

-Drug access: increase community control of cost
recovery approaches

-Supervision: improve quality assurance through
increasing capacity of staff to identify and solve
problemsin their own working environment
-Where referral is not possible improve access to
limited treatment of severe disease

Practice-Policy-Research

-Link operational funds to operational research
-Improve communications

-Build experience of practitioners through exposure to
successful new approaches

Tools

-Increase investment in research

Information

-Develop comprehensive communications strategies
-Increase access to newer communication technology
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Figure 1. Cost-effectiveness ranges and means in a very low income sub-Saharan Africa country with moderate to high malaria transmission
(Source: 273 and Hanson et al., in press)
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Notes

Figure shows mean and range within which 90% of cost-effectiveness estimates fall (1995 US$)

Acronyms: DALY : Disability-Adjusted Life Year; VHW: Village Health Worker; CQ:Chloroquine; SP: sul phadoxine-pyrimethamine
ITNs (insecticide treated nets): one treatment with deltamethrin a year, no insecticide resistance

Residual Spraying: lambdacyhalothrin, no insecticide resistance

Chemoprophylaxis for children: Maloprim®, perennial transmission, no resistance to Maloprim®

Antenatal Care: primigravidae only, 50% chloroquine RII/RIII resistance, 10% SP RII/RIII resistance

Improving Case Management: chloroquine asfirst line drug with 30% clinical failure
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