syduosnuelA Joyiny siapun4 DA @doing ¢

syduasnue|A Joyiny siapund JIAd adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Lancet Infect Dis. Author manuscript; available in PMC 2011 July 28.

Published in final edited form as:
Lancet Infect Dis. 2004 June ; 4(6): 327-336. d0i:10.1016/S1473-3099(04)01043-6.

The global distribution and population at risk of malaria: past,
present, and future

Simon | Hay, Carlos A Guerra, Andrew J Tatem, Abdisalan M Noor, and Robert W Snow
SIH, CAG, and AJT are epidemiologists at the TALA Research Group in the Department of
Zoology, University of Oxford, Oxford, UK; AMN and RWS (and SIH) are malaria epidemiologists
with the KEMRI Wellcome Trust Collaborative Programme in Nairobi, Kenya. RWS is also
professor of tropical public health, Centre for Tropical Medicine, University of Oxford.

Abstract

The aim of this review was to use geographic information systems in combination with historical
maps to quantify the anthropogenic impact on the distribution of malaria in the 20th century. The
nature of the cartographic record enabled global and regional patterns in the spatial limits of
malaria to be investigated at six intervals between 1900 and 2002. Contemporaneous population
surfaces also allowed changes in the numbers of people living in areas of malaria risk to be
quantified. These data showed that during the past century, despite human activities reducing by
half the land area supporting malaria, demographic changes resulted in a 2 billion increase in the
total population exposed to malaria risk. Furthermore, stratifying the present day malaria extent by
endemicity class and examining regional differences highlighted that nearly 1 billion people are
exposed to hypoendemic and mesoendemic malaria in southeast Asia. We further concluded that
some distortion in estimates of the regional distribution of malaria burden could have resulted
from different methods used to calculate burden in Africa. Crude estimates of the national
prevalence of Plasmodium falciparum infection based on endemicity maps corroborate these
assertions. Finally, population projections for 2010 were used to investigate the potential effect of
future demographic changes. These indicated that although population growth will not
substantially change the regional distribution of people at malaria risk, around 400 million births
will occur within the boundary of current distribution of malaria by 2010: the date by which the
Roll Back Malaria initiative is challenged to halve the world’s malaria burden.

“While keeping in mind the realities one can nevertheless be confident that malaria is well
on its way towards oblivion. Already as a malariologist, | feel premonitory twinges of
lonesomeness, and in my own organisation | am now a sort of ‘last survivor’. So perhaps it
is fitting that | should take this backward glance at the fascinating pages of malaria
history.”!

This extract from the 1955 preface of Paul Russell’s Man’s Mastery of Malaria: now seems
astonishing. In the 50 years that have passed since the series of lectures on which this book
is based was given we have become less sanguine about the prospects for global malaria
control. The purpose of this review is to document what happened to the global spatial limits
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of malaria risk during the past 100 years and use this to examine the task facing the global
malaria-control community at the turn of this century.

Spatial distribution of malaria through time

The human race and malaria parasites have had a long evolutionary host—parasite
association.2# Advances in bioinformatics®® largely support hypotheses inferred from
changes in human ecology that around 10 000 years ago Plasmodium falciparum
populations rapidly expanded in Africa and spread worldwide, coincident with human
population growth and subsequent diasporas facilitated by the dawn of agriculture.”- It has
also been suggested that this expansion followed an earlier smaller wave of migration in the
pleistocene.* The probable maximum preintervention distribution of malaria (around
1900)%-11 is shown in figure 1, reaching latitudinal extremes of 64° north and 32° south’8
(corresponding approximately with the theoretical 15°C July and January isotherms,
respectively, supporting Plasmodium vivax transmission).1® These maps represent risk from
one or more of the four species of Plasmodium that cause malaria in human beings, hereafter
referred to as all-cause malaria risk.29 We extend previous inquiry into this area’-21-24 by
quantifying recorded changes in the global malaria distribution over a longer period of time,
at more frequent intervals, and relating this distribution to the intensity of malaria risk.

Human efforts to control malaria have markedly restricted its distribution during the 20th
century.12-17 Distribution maps have been compiled largely from country reports and expert
opinion arising from the network of regional offices of the WHO. Despite these maps being
imperfect representations of global malaria-infection risk distribution in space and time, they
nevertheless facilitate some insight into the progress of malaria control in the 20th century.
We present results that were obtained using summary procedures in geographic information
systems (GIS) on digitised (electronically redrawn and geographically referenced) versions
of original maps, the exact methodology for which is explained in the relevant figure and
table legends. These procedures show that since preintervention (about 1900-2002)
development and control efforts have reduced the area of human malaria risk by around half,
from 53% to 27% of the Earth’s land surface (table 1). The number of countries and
territories (with populations of more than 100 000 inhabitants) exposed to some level of
malaria risk fell from 140 to 88 during this period.

Despite a resurgence in the interest in mapping malaria endemicity in Africa,26-2% which has
been used as an empirical basis to help estimate malaria burden,39-31 the only global map of
malaria endemicity?® dates from Lysenko’s efforts in 1968 (figure 2). Endemicity as used by
Lysenko? was defined by the parasite rate in the 2-10-year age cohort (hypoendemic <0-1;
mesoendemic 0-11-0-5; hyperendemic 0-51-0.75), except the holoendemic class (>0-75)
where the parasite rate refers to the 1-year age group.32 This map was a major synthesis of
historical records, documents, and maps of several malariometric indices (records of disease
and vector presence and absence, spleen rates, parasite rates, sickle cell incidence,
sporozoite rates, biting rates, etc) used to record malaria endemicity up until the late 1960s.
These data were then interpolated globally for malaria at the peak of its assumed historical
distribution, using a combination of expert opinion, global increase, temperature, and
rainfall isohyets.?-32 The map is used here in its original form to frame a discussion on the
regional variation in control effectiveness, since there is no modern global equivalent.

Using the contraction in the limits of all-cause malaria transmission (figure 1), assumed as a
consequence of control efforts and development, and subdividing these changes by
endemicity class (figure 2) shows that these gains have been most radical at lower
endemicity rates with reductions of the epidemic, hypoendemic, and mesoendemic areas of
100%, 66%, and 45%, respectively, between 1900 and 2002 (table 2 and figure 3a).
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Conversely, there were negligible effects in areas of hyperendemic and holoendemic malaria
with reductions of only 16% and 0%, respectively (table 2 and figure 3a). These humbers
and the decreasing relative effect on the distribution over time (table 2) provide support for
hypotheses of the increasing difficulty of malaria control with increasing intensity of malaria
transmission.34-39 We now investigate how human populations have changed alongside this
global restriction in the area of all-cause malaria.

Human populations at risk through time

The global human population has grown geometrically during the 20th century from
approximately 1 to 6 billion (table 1). These demographics have important implications for
the percentage of the human population exposed to all-cause malaria risk through time. The
percentage of the global population at risk has decreased from 77% at the turn of the 20th
century to a low of 46% in 1994. This figure increased to 48% in 2002 due to population
growth in an unchanged geographic distribution. In absolute terms the numbers of people at
risk have increased consistently from 0-9 to 3 billion over the same period (about 1900-
2002; see table 1 for data and methods). At the turn of the 21st century, therefore, we
estimate that 48% of the global population remain exposed to the risk of malaria, a situation
that has deteriorated since the early 1990s and a figure substantially higher than the 40%
widely cited.40-42

The changes in populations exposed to various rates of endemicity from around 1900-2002
are shown stratified by WHO region in figures 4a—g. These WHO regional groupings (figure
4q) are largely administrative but were originally defined to capture environmentally and
epidemiologically coherent zones for public-health management.24 Certain anomalies exist,
however, that make interpretation of regional malaria risk problematic, such as the inclusion
of Somalia and Sudan in the Eastern Mediterranean Regional Office (EMRO). The
European region (EURO) is the only grouping of countries to show a consistent decrease in
populations at risk through time (figure 4d). The American region (AMRO) remained
approximately stable in terms of populations at risk, as population growth compensated for
substantial control gains during the 20th century (figure 4b). Limited growth in populations
at risk are shown in the EMRO area (figure 4c), but the most striking changes are the sharp
growth in populations at risk in the African Regional Office (AFRO) area (figure 4a) and
particularly the South East Asia Regional Office (SEARO) area (figure 4¢e). In the AFRO
area the population at risk grew from 0-06-0-65 billion during the 20th century, more than
80% of whom remain in areas of hyperendemic and holoendemic malaria. The SEARO area
(dominated by India) has experienced even more dramatic growth from 0-2—-1.5 billion
people at risk, but unlike the AFRO area has only 37% of these populations in places
defined as hyperendemic.® Consistent growth in population at risk is not a feature of the
Western Pacific region (WPRO; figure 4f) due to the marked reduction in the limits of
transmission in China since 1975 (figure 1).44 These estimates of populations at risk,
derived from crude maps of malaria endemicity, mask the very different public-health
consequences of infection with P falciparum and P vivax,*® but do draw attention to a huge
potential burden that is hard to quantify directly from official statistics.*® Furthermore,
despite current emphasis on the AFRO area®” these analyses suggest that the SEARO region
warrants greater international attention, an issue to which we return later. Finally, that much
of this population growth will have been concentrated in urban areas is a significant
confounder to global burden of malaria estimates and is the subject of significant
contemporary research effort.
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Global malaria control from ~1900 to 2002

During the 19th century great improvements in the control of several communicable
diseases were realised, chiefly as a result of environmental improvements.#*8-52 In parallel,
improved social conditions (particularly housing) and changing land use (particularly
agricultural practices) contributed significantly to the global reduction in the distribution of
malaria.8:21:53-56 These gains from malaria control were often coincidental with economic
and social development, forces that although spatially heterogeneous, have remained
undiminished throughout the 20th century. Our analyses (figure 1 and table 1) show that,
counterintuitively, all-cause malaria is not an obligate tropical disease but more precisely
one that we have progressively restricted to the tropics in the 20th century through
development and control.1:3:8:21,37.40.57-59 Thjs global reduction followed several distinct
phases.

The first “sanitation era” of malaria intervention focused primarily on environmental control
of mosquito breeding sites,1:60-63 once Ross®4-%6 had discovered the importance of
anophelene mosquitoes in the life-history of avian malaria in 1898 and Grassi showed the
full transmission cycle of the human malarias later that year.87-89 The well-documented
success in mosquito control in the Panama Canal,”%-"2 Indonesia,’® Malaysia,’* the mines
and plantations of the Zambian copper belt,”>76 and the eradication of Anopheles gambiae
in Brazil’7:"8 and Egypt’87° validated such approaches (despite some conspicuous failures
in Sardinia,0 Sierra Leone, and Indial>7:64). To generalise, the species sanitation approach
was generally adopted where it was logistically feasible and there was a commercial
incentive for investment.53:54.81 This type of intervention was broadly responsible for the
preintervention (about 1900) to 1946 contraction in the global malaria distribution (figure 1
and table 1).

The discovery of the residual insecticide properties of dichlorodiphenyltrichloroethane
(DDT) in the 1940s enabled, for the first time, large-scale, wide-area approaches to malaria
control82 and its effect on those engaged in malaria interventions should not be
underestimated. The WHO endorsed this approach through the global malaria-eradication
programme (from approximately 1955-1969)83 using DDT to interrupt transmission in an
“attack phase” and chemoprophylaxis to eradicate malaria in the later “consolidation phase”
of intervention.36:84-87 The successes, long-term benefits, and problems of consolidation
and maintenance have been well documented, 5’8188 along with the subsequent resurgence
of malaria in India8® and the complete disregard of sub-Saharan Africa in the “global”
eradication efforts.84 The shrinkage in the global malaria distribution from 1946-1965
(figure 1 and table 1) largely coincides with this eradication era.

Since 1965 the further restriction of the global distribution of malaria has resulted from
continued national efforts in the developing economies of meso-America and South
America, the latitudinal extremes of Africa,0 the middle east, and China.** Despite these
local successes no significant impact was made on the global limits of malaria risk between
1992 and 2002 (figure 1 and table 1).

In 1998 the Roll Back Malaria movement was launched as a mentoring, coordinating, and
advocacy vehicle for international malaria control.%1-%4 Its widely publicised mandate is to
reduce the global malaria burden of risk, morbidity, and mortality by half by 2010. To
realise this bold ambition Roll Back Malaria has four main targets: to achieve a 60%
coverage of children and pregnant women with insecticide treated nets (ITNs), to have 60%
of malaria cases receive effective treatment within 24 h of the onset of symptoms, for 60%
of pregnant women to receive intermittent presumptive therapy (IPT), and for 60% of
epidemics to be detected within 2 weeks of onset and then responded to appropriately within
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a further 2 weeks.4” Implicit in the strategy used to formulate these targets is a focus on
malaria in the highly endemic areas of sub-Saharan Africa where most of the remaining
global burden of malaria is thought to be.9543 We explore this assumption and its
implication for international malaria-control priorities in the following section.

The consequences of changing global population at risk

Malaria burden

There has been a renewed interest in establishing precise estimates of morbidity and
mortality as part of the Global Burden of Disease Programme.96:97 Almost all of this work,
including studies on acute respiratory-tract infections,?8 HIV/AIDS,% and malaria, 3931 has
been driven by the use of empirical survey data, modelled and extrapolated to wider areas.
These studies are all critically dependent on the denominator population at risk. For a
vector-borne disease such as malaria, the population at risk is a function of the coincidence
of human population and malaria infection risk and endemicity.3%:31 Because such an
empirical approach has not been developed for regions outside AFRO, the most widely cited
estimate of the global proportion of malaria morbidity and mortality borne by AFRO is
909%,43.95 with estimates ranging from 62 to 93%.24:43.100.101 The variation in these
estimates has wide-ranging implications for policy and the strategic emphasis of the Roll
Back Malaria movement.

To highlight this issue we extended our descriptions of populations at risk of all-cause
malaria to make preliminary estimates of regional variation in malaria exposure globally. To
achieve this it is necessary both to assess regional variation in populations exposed to the
various rates of malaria endemicity and to quantify the important distinction between P
falciparum and P vivax burden.#> Using the 2002 malaria distribution (figure 1),17 the 1968
Lysenko malaria endemicity map (figure 2),° and population distribution projected to 2002
(table 1) a national prevalence index has been computed. This national prevalence index was
estimated at the country level by assuming each endemicity class was described by its
midpoint parasite rate value as follows: (population exposed to hypoendemic x 0.05) +
(population exposed to mesoendemic x 0-305) + (population exposed to hyperendemic x
0-63) + (population exposed to holoendemic x 0-875). We then used the product of the
national prevalence and a P falciparum index (the proportion of malaria cases reported
nationally in 1993 that were due to P falciparurm)>192 to create a national falciparum
prevalence (N/P). This approach makes several assumptions: first, that the underlying maps
used to generate these metrics are relatively precise; second, that the national prevalence
may be based on the total population (since national data on the variation in age-specific
infection rates are not readily available); third, that the P falciparum index estimated in 1993
is compatible with endemicity estimates from the late 1960s; and fourth, that the P
falciparum index is the same across all endemicity classes in a country. Given these
assumptions we use the N/P metric to explore malaria-risk distribution only at the regional
level (table 4) and have displayed the resulting N/° metric as a cartogram,193 a graphic that
depicts countries in proportion to some attribute other than area, to help visualise these
variations (figure 5).

It is hard to be unimpressed by the scale of the problem in AFRO (53% of global N/P). The
absolute magnitude of the P falciparum malaria-infection burden in SEARO (33% of global
N7P) is also compelling (table 4 and figure 5) and not incompatible with recent analyses,
which report a significant proportion of global childhood mortality in the SEARO area.104
The implications of such analyses cannot be dismissed simply by arguing that control and
development have changed so fundamentally the endemicity in regions outside AFRO since
the late 1960s. If we hypothesise this to be the case and recalculate N/ by assuming that in
all areas outside AFRO endemicity has been so radically reduced by development and
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control that all areas have stepped down one endemicity class? (ie, from hyperendemic to
mesoendemic, from mesoendemic to hypoendemic, and from hypoendemic to zero risk), we
still have 25% of the N/P outside AFRO (table 4, scenario b).

There are differences between P falciparum malaria risk and resulting morbidity and
mortality outcomes experienced in different populations of the world.10 It is beyond the
scope of this review to attempt to model morbidity and mortality globally. Reconciling NP
estimates with national level malaria reporting is a logical and important extension of this
work. It is perhaps worth noting, however, that while mortality rates from P falciparum
infection are on average nine per 1000 in the under-five populations of AFRO,31:106 they
range from 0-1-1 per 1000 and 0-01-0-1 per 1000 (in all age groups) in SEARO countries
such as Myanmar (Burma) and Sri Lanka, respectively.19° This order of magnitude
difference in mortality risk means that most malaria mortality is likely still to be in AFRO.
The absolute magnitude of populations at risk outside of AFRO (table 2 and table 4),
however, indicate that malaria-attributable mortality will not be trivial, particularly in
SEARQO, and that morbidity is likely to be substantial. What these analyses suggest therefore
is that reliance on WHO country reports for disease-burden estimates outside AFRO in
calculating the global malaria burden must be augmented with alternative approaches used
to estimate the burden in AFR0O30:31 to enable sensible comparisons. The two most
important implications of regional variations in the distributions of risk relate to the current
status of antimalarial drug management and the extent to which vector control is likely to be
effective outside AFRO.

Drug resistance

The idea that populations living in areas of low malaria transmission are catalysts for the
development of antimalarial drug resistance is now supported on both theoretical107-109 and
empirical grounds.119-113 These analyses have shown that almost 30% of the global
population at risk from malaria reside in areas of hypoendemic and mesoendemic
transmission in the SEARO region (table 3), including Thailand, the focus for the origin of
drug-resistant malaria.8-114115 The spread of drug-resistant malaria parasites from SEARO
to AFRO has provided an explanation for the rising mortality from malaria in this region
since 1990.106.116-118 |t js possible therefore that aggressive efforts to limit transmission
outside of AFRO might have a larger than expected global effect on public health by helping
delay the development of drug resistance.

Types of vector control

The difficulty of malaria intervention in areas of high transmission is a tenet of
malariology34-39.119.120 an( the debate has often centred on the holoendemic areas of sub-
Saharan Africa. The relatively high anthropophily,121 longevity, and density of the A
gambiae complex and Anopheles funestus and their resulting efficiency as malaria vectors in
sub-Saharan Africa3122-124 resylts in an average annual entomological inoculation rate for
the continent (based on 159 samples of malarious areas) of 121 infected bites per person per
annum.2%125 Furthermore, these high rates of transmission combined with the dominance of
P falciparum in sub-Saharan Africal®102 warn against naive extrapolation of control
successes in temperate and subtropical parts of the world, before considering a host of other
economic, logistic, and social constraints to control.126

Despite the widely accepted intransigence of malaria in holoendemic areas, opinions on
appropriate control strategies in such areas differ,34:37:39.61,78.127.128 \we o not attempt to
reignite this debate but several aspects of these analyses are noteworthy. First, any optimistic
prospect derived from the reductions in the total area malarious by endemicity class is
confounded by demographic changes. Numbers at risk have increased relentlessly in all
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endemicity classes except the epidemic one (table 3 and figures 3a—b). Second, more than
half of the 2002 malaria distribution is hypoendemic (19-5%) or mesoendemic (32-2%; table
3). Regardless of the position adopted on the choice of eradication versus control in
hyperendemic or holoendemic areas (and/or the exact suite of interventions that could be
applied), more than 50% of those at risk of malaria live in areas where sustained control is
inherently epidemiologically feasible. In the SEARO area such control has a strong
historical precedent for success®® and more ready access to the resources needed to
implement control than the AFRO area.

Implications for rolling back malaria

Despite the international support and political will for malaria control having improved in
the past 5 years,¥1-94.123-131 goupts about the efficacy, focus, and particularly the financing
of international initiatives have been raised132-134 with a concomitant push for strategic
changes in the direction and emphasis of research and control.135-137 The Commission for
Macroeconomics and Health has estimated that an immediate injection of at least US$1
billion per annum is needed to enable the Roll Back Malaria movement to start to work
towards its goals138 and that this should be boosted to between $1-5-25 billion annually by
2007 if it is to have any chance of meeting them. Recent analyses of donor expenditure
suggest that these financial targets are far from being met,133.134

In this environment, the central goal of the Roll Back Malaria movement9-94 to decrease by
50% the global malaria burden (risk, infection, morbidity, or mortality?) by 2010 by meeting
targets on ITN distribution, IPT in pregnant women, prompt and effective treatment and
epidemic preparedness, looks increasingly difficult. We emphasise here that its
implementation and effect monitoring are made more problematic by a lack of accurate
information on the global distribution of populations and risk at various stages of malaria
endemicity and the resulting distribution of malaria mortality and morbidity. Addressing this
issue is a priority. We have also presented here, through analyses of the N/P distribution
between WHO regions (table 4 and figure 6a), a preliminary attempt to define the problem
facing Roll Back Malaria in the future. Such analyses have illustrated how human
demographics continually shift public-health goalposts.

Extending these analyses of the regional distribution of N/ to 2010 in a hypothetical world
where population has grown according to current projections (and all else is equal including
risk and control) we have also made various predictions (table 4 and figure 6b). The higher
population growth rates in the tropics will increase the percentage of the global population
exposed to infection risk to above 50% (table 1), but, surprisingly, the proportion of the N/
outside AFRO will remain largely unchanged at approximately half (46%; figure 6b).

Conclusions

No recent global maps of malaria endemicity have been developed since those of Lysenko in
1968,° despite significant advances in the collection of empirical data, global environmental
information from satellites, and the statistical techniques that can be used to integrate
them.28:29 |n addition, given the poor health information systems in the AFRO area it is
paradoxical that some of the best information on malaria endemicity and burden exists for
this region.2’-2% We suggest therefore that updating global maps of malaria endemicity is a
priority and that it would provide regionally consistent measures of population at risk that
could contribute to continuing efforts to refining global burden of disease estimates for
malaria. Preliminary analyses of existing endemicity maps indicate the probable extent of
malaria infection risk outside the AFRO area, and particularly in the SEARO region,
conclusions that remain robust even under very optimistic scenarios of endemicity
reduction. These populations are of particular political importance given the historical
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success of aggressive vector control in areas of low-to-medium malaria endemicity and the
dangers of inaction in facilitating the emergence of drug-resistant malaria parasites. We
stress, however, that the global burden of malaria is still dominated by the AFRO countries
which are least able to raise financial resources to tackle their high rates of malaria death
and disability.31 In summary, while international priorities seem broadly justified in their
focus on the AFRO area, there is an urgent need to define the global extent of malaria risk
and disease to enable effective and equitable prioritisation of investment and strategic
direction by Roll Back Malaria and others.
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Search strategy and selection criteria

Data for this review were identified through PubMed Medline, the Bodleian library at
Oxford, manual searches of the WHQO’s Weekly Epidemiological Record (http://
www.who.int/wer/en/), suggestions of reviewers (formal and informal), and the
bibliographies of the resulting articles. We used the following Boolean search statement:
“malaria” and (“distribution” and “maps”), “malaria” and (“burden” or “risk™), “malaria”
and (“control” and “campaign”). Articles in all languages were selected and Lysenko
(1968) translated from Russian.
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Figure 1.

The global distribution of malaria since preintervention (~1900-2002). All-cause malaria
distribution maps for the preintervention distribution (circa 1900)° and for the years 1946,
1965, 1975, 1992, 1994, and 200212-17 were georeferenced using ERDAS Imagine 8.5
(Leica Geosystems GIS & Mapping, Atlanta, GA, USA). Maps were then digitised on
screen with Maplnfo Professional 7.0 (Maplnfo Corp, NY, USA). Areas of high and low
risk were merged throughout to establish all-cause malaria transmission limits. The only
modification of original maps was infilling areas labelled as unknown in China in the 1975
map!* with the distribution recorded in 1965.13 Each map was then overlaid to create a
single global distribution map of malaria risk which illustrates range changes through time.
Note that the 1992 distribution is excluded from the figure for clarity because it was so
similar to that of 1994,
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Figure2.

The Lysenko map of global malaria endemicity. This map was digitised from the original
source? using the method outlined in figure 1. Endemicity as used by Lysenko? is defined by
the parasite rate (PR) in the 2-10-year age cohort (hypoendemic <0-1; mesoendemic 0-11—
0-5; hyperendemic 0-51-0-75) except the holoendemic class (0-75) where the PR refers to
the 1-year age group.32 The black line represents the 2002 limit of malaria risk”. Note that
the “epidemic” class is restricted to the temperate regions in these maps and that this term is
used differently today.
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Figure 3.

A histogram of (A) the global area (km2) and (B) population at risk of all-cause malaria risk
subdivided by endemicity class (~1900-2002). Derivations of area and population at risk
estimates are described in tables 1-3. The bars in each endemicity class show data for the
years (left to right) 1900, 1946, 1965, 1975, 1992, 1994, and 2002.
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Figure 4.

Histograms of population at all-cause malaria risk (~1900-2010) subdivided by malaria
endemicity and WHO regional grouping. (A) AFRO, (B) AMRO, (C) EMRO, (D) EURO,
(E) SEARO, (F) WPRO, and (G) a map of WHO regional groupings. Derivations of area
and population at risk estimates are described in tables 1-3. The WHO regional grouping
map was generated from global administrative boundaries (Environmental Systems
Research Institute Inc, Redlands, CA, USA) and county tables in annexes of the 2002 World
Health Report#3. The bars in each endemicity class show data for the years (left to right)
1900, 1946, 1965, 1975, 1992, 1994, and 2002.
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Figure5.
The national falciparum prevalence (NfP) cartogram for 2002. The NfP was calculated using

the method outlined in table 4. These continuous area cartograms193 were generated using
MAPresso (http://www.mapresso.com), a public domain Java applet. Ten iterations were
used.
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Figure6.

Pie charts of the national falciparum prevalence (NfP) by WHO region for 2002 (A) and
projected to 2010 (B). Data derived as for figure 5 and estimated using population projected
for 2010 as described in table 1.
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