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Chapter 7

Impact of malaria control

This chapter reviews trends in malaria cases and 
deaths and assesses the evidence that malaria control 
activities have had an impact on malaria disease 
burden in each WHO Region. Sections 7.1 to 7.7 
present national data on malaria cases and deaths, 
the distribution of P. falciparum as compared with 
other Plasmodium species, level of diagnostic testing 
(as measured by the annual blood examination rate), 
malaria test positivity rate, and the potential for a 
plausible link between coverage of interventions for 
prevention (vector control) and treatment (antimalarial 
medicines) and trends in malaria burden over time. 
The comparison of interventions and trends leads 
to a discussion, and a cautious assessment, of the 
impact of malaria control across the Regions. Sections 
7.8 and 7.9 give updates on malaria elimination and 
on imported malaria, respectively. The routine case 
reports presented in Sections 7.2 to 7.7 are part of 
the database used to estimate malaria incidence and 
mortality in Section 7.10. Finally, section 7.11 draws 
together the main conclusions on malaria burden and 
trends over the decade 2001–2010. 

7.1  Assessing trends in the incidence 
of disease

The reported numbers of malaria cases and deaths are used 

considered to be “fever with parasites” (1
of information on these indicators are the disease surveillance 
systems operated by ministries of health. Data from such systems 
have three strengths: case reports are recorded continuously 

Changes in the numbers of cases and deaths reported by countries 

reporting systems often do not include patients attending private 

of the cases reported as malaria may be other febrile illnesses (2).
When reviewing data supplied by ministries of health in malaria-

is considered to be higher than outpatient diagnosis based only 

than trends in all cases.

Monitoring the number of laboratory tests carried out. It is 

which is the number of parasitological tests (by microscopy or 

that potential differences in diagnostic effort or completeness of 

distorted by variations in case detection effort (as measured 

as this proportion is less sensitive to variation in reporting rates 
than the number of malaria admissions or deaths.

World Malaria Report 2010
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changes in the entire community. The conclusion that trends 

throughout the community and not restricted to health facilities. 

7.2 African Region

Because of the diversity of malaria epidemiological settings and 

southern African countries.

7.2.1 Central Africa

Ïn all of the nine countries of this subregion all inhabitants live 
P. falciparum malaria (

The data used to assess trends are the numbers of admissions 
to hospitals and health centres with inpatient services. Angola 

increases reported from some countries since 2007 may be due to 
improved reporting and/or better access to health services. 

While there was no evidence of any decrease in malaria cases 

dropped from 40% in 2004 to 22% in 2005 after the combined 

3
the general hospital of Libreville found that the slide positivity rate 
decreased from 45% in 2000 to 15% in 2008. It was also reported 

of 84% in maternal P. falciparum infection between 2004 and 
2006 (4
conclusions to be drawn about trends in malaria throughout the 
subregion.

The percentage of the population potentially covered by ITNs 

(Fig.G
of Congo have at least moderately good access to ACTs (Fig.H
Although progress appears to have been made in delivering 
interventions within the subregion it has not been possible to 
evaluate the impact of these efforts because the quality of routinely 

monitoring and evaluation. 

BOX 7.1 
Explanation of graphs A to H

are those living in areas where the number of reported cases is 
≥

parts of the country are free of malaria transmission.

P. falciparum: Average percentage of 
P. falciparum was detected singly 

 Number of 

the average percentage 2006–2010.

countries between those that show ≥
reductions. Increases in numbers of cases are presented in the 

 The vertical scale shows the 

potentially covered by IRS and ITNs. It is assumed that each 

can be calculated as 100 × (number of ITNs delivered in 

are used in different areas.

H. .
The number of treatment courses available is shown as a 
percentage of malaria cases reported (correcting for reporting 

treatment indicate whether an adequate number of treatment 

including P. falciparum. The bars for ACT indicate whether an 
adequate number of treatment courses were made available 

P. falciparum cases in the public sector.
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Figure 7.1 Central Africa

High risk Low risk Malaria free

d) Percentage decrease in admissions and deaths, 2000–2010

e) Countries with > 25% decrease in malaria admissions, 
2000–2010

b) Percentage of cases due to P. falciparum, 2006-2010a) Population at risk, 2010

f) Countries with increase or < 25% decrease, 2000-2010

c) Annual blood examination rate, 2006–2010

h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS and ITNs,
2010
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7.2.2 West Africa

In three of the 18 countries in this subregion intense malaria 

D, E 1

are among the highest in the Africa Region with infections almost 
P. falciparum (

cases in Algeria2

(
to evaluate malaria trends are based on time series of hospital 
admissions and deaths (

Cape Verde and Senegal (Box 7.1C
hospital admissions (

have been rising (
almost certainly due to improved reporting or access to health 

could potentially have protected more than half of the populations 

1  Algeria does not provide hospital data and is therefore not shown with 
other countries on trend graphs.

evidence of reductions in malaria burden as reported through the 
routine health information system (Fig.G

Apart from Senegal (Box 7.2
between interventions and impact are seen in data from two small 

Fig.E
The diagnostic testing effort in Sao Tome and Principe is high: the 

in this subregion (Fig.C

5 6

a retrospective study carried out at four sites found reductions in the 

and deaths due to malaria over the period 2003–2007 (7 And

reported a 27% decline in rates of parasitaemia in 2009 compared 
to 1999 following an increase in ITN coverage from 22% to 73% 
(8
a full understanding of the effects of malaria control in this and 
other African subregions. Continued strengthening of routine health 
information systems is also necessary. 

BOX 7.2
Malaria control in Senegal

The implementation of the Malaria control strategic plan 

treatment.

years of age slept under an ITN the previous night. During 

3 million LLINs were distributed in a campaign that aimed 

 P. falciparum in March 2006. 

52% of pregnant women received at least two doses of SP 
during antenatal consultations. 

an impact on the number of cases and deaths. In 14 of the 22 
regional hospitals and in 52 of the 75 districts with complete 

decreased from an average of 1239 during 2001–2005 to 

Figure Box 7.2  Trends in malaria and non-malarial 
admissions Senegal, 2001-2009
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Figure 7.2 West Africa 
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7.2.3  East Africa and high transmission southern African 
countries

Fig. A

Cases of malaria are predominantly due to P. falciparum (Fig. B
P. vivax causes a 

larger proportion of infections. 

health centres with inpatient services declined by more than half 

and Mozambique (

the trends in hospitalized cases (Fig. D

The declines in malaria admissions and deaths seen in 
nationally aggregated hospital data are consistent with published 

9 10 11

that malaria cases declined among all paediatric admissions by 

28%–63% between 1999 and 2007 (12

(13

prevalence in children 6–59 months of age following a 36-fold 
14

ITNs are the principal method of vector control in this subregion. 

Fig.G

2010 (Box 7.3
the Comoros (

between 2007 and 2010. Deeper investigations are needed to 
understand these inconsistencies. Most countries had full access 

Zambia did not report on ACT consumption (Fig. H

BOX 7.3
Malaria control in Rwanda

supported by WHO to develop a malaria comprehensive 
strategic plan for the period 2005-2010. With the support 

the national malaria control programme has made ITNs and 

diagnosis and treatment accessible to everyone affected by 
malaria.

was delayed until 2009–2011 when a further 6.1 million 

case management has been carried out nationwide by trained 

A WHO rapid impact assessment was carried out at 30 

malaria cases among outpatients of all ages decreased 
from an average of 32 420 annually during 2000–2005 to 

rate fell from an average of 35% to 9% over the same period. 
Inpatient malaria cases among all age groups decreased from 
an average of 32 892 during 2000–2005 to 11 411 in 2010 

greater.

There appears to have been a brief resurgence of malaria 

were distributed to replace those provided in 2006–2007. 
This situation is a reminder for countries with high malaria 
receptivity of the need for effective surveillance systems and 
to maintain the coverage of interventions for prevention and 
treatment.

Figure Box 7.4  Trends in malaria and non-malarial 
admissions Rwanda, 2000-2010
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Figure 7.3 East Africa and high transmission areas in Southern Africa

0% 20% 40% 60% 80% 100%

Ethiopia
Kenya

Zambia
Tanzania (Zanzibar)

Tanzania (Mainland)
Uganda
Rwanda

Mozambique
Malawi

Madagascar
Eritrea

Comoros

0% 20% 40% 60% 80% 100%

Eritrea
Ethiopia

Comoros
Zambia

Tanzania (Zanzibar)
Tanzania (Mainland)

Uganda
Rwanda

Mozambique
Malawi

Madagascar
Kenya
Angola

0% 10% 20% 30% 40% 50%

Zambia
Malawi

Madagascar
Eritrea

Ethiopia
Tanzania (Zanzibar)

Comoros
Kenya

Mozambique
Uganda
Angola

Tanzania (Mainland)
Rwanda

0% 20% 40% 60% 80% 100%

Zambia
Tanzania (Zanzibar)

Tanzania (Mainland)
Uganda

Rwanda
Mozambique

Malawi
Madagascar

Kenya
Ethiopia

Eritrea
Comoros

0% 20% 40% 60% 80% 100%

Zambia
Tanzania (Zanzibar)

Tanzania (Mainland)

Uganda
Rwanda

Mozambique

Malawi
Madagascar

Kenya

Ethiopia
Eritrea

Comoros

100

1 000

10 000

100 000

1 000 000

2000 2002 2004 2006 2008 2010

Zambia

Rwanda

Mozambique

Eritrea

-50%

0%

50%

100%

Ta
nz

an
ia

(Z
an

zib
ar

)

Rw
an

da

Er
itr

ea

M
oz

am
bi

qu
e

Za
m

bi
a

Et
hi

op
ia

M
ad

ag
as

ca
r

Ke
ny

a

M
al

aw
i

Co
m

or
os

Ug
an

da

Ta
nz

an
ia

(M
ai

nl
an

d)

De
cr

re
as

e

Admissions Deaths

100

1 000

10 000

100 000

1 000 000

2000 2002 2004 2006 2008 2010

Ethiopia

Madagascar

Kenya

Comoros

Uganda

Tanzania
(Mainland)

Malawi

d) Percentage decrease in admissions and deaths, 2000–2010

e) Countries with > 25% decrease in malaria admissions, 
2000–2010

b) Percentage of cases due to P. falciparum, 2006-2010a) Population at risk, 2010

f) Countries with increase or < 25% decrease, 2000-2010

c) Annual blood examination rate, 2006–2010

h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS and ITNs,
2010

High risk Low risk Malaria free

IRS ITN Any antimalarial ACT

Population protected Cases potentially treated



58 WORLD MALARIA REPORT 2011

7.2.4 Low transmission southern African countries

Swaziland and Zimbabwe are in the control phase and malaria 

Fig. A
are caused by P. falciparum (Fig. B

The coverage of parasitological diagnosis in the subregion 
is relatively low (Fig. C

year (Fig. E

Fig. F

not declining in Zimbabwe. 

The population coverage of preventive and curative measures 

Africa has carried out intensive malaria control activities over many 
decades and has succeeded in halting transmission in most of 

predominate in Botswana (Fig. G

Fig. H

issue for the E8 initiative is the carriage of malaria infection 

four countries with low malaria burden. Malaria control in these 

BOX 7.4
Malaria control in Swaziland

The malaria control programme of Swaziland was 
established in the 1940s. With sustained support and 

maintain low incidence throughout the 1950s and 1960s. 
The country almost eliminated malaria in 1969 when only 46 

returning to its highest level since 1947 due to a combination 

cases and over 38 000 clinical cases were recorded in 
outpatient departments across the country. 

0.2% and 53% of households being protected by either IRS 
or by ITNs in 2010. 

facilities are reported through a toll-free telephone number 

malaria control team of the new case by SMS message and 
triggers a case investigation. Between four to seven days 

a paper-based questionnaire to determine the origin of the 

agent conducts a mass screening with RDTs of all residents 

and treat additional cases and interrupt onward transmission. 

been locally transmitted.
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Figure 7.4 Low Transmission Southern African Countries

d) Percentage decrease in admissions and deaths, 2000–2010

e)

b) Percentage of cases due to P. falciparum, 2006-2010a) Population at risk, 2010

f) Countries with increase or < 50% decrease, 2000-2010

c) Annual blood examination rate, 2006–2010

h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS and ITNs,
2010
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7.3 Region of the Americas

The main characteristic of the Region of the Americas is that 
Fig. E

Region with about 30% of the total population at some degree 
Fig. A

prevention of reintroduction stage. 

Fig. C

were very heterogeneous across the Region. No country reports were 

in 2010. P. vivax malaria accounted for 70% of reported cases 

P. falciparum (Fig. B
proportion of cases due to P. falciparum fell from 84% in 2000 to 

cases reported by Brazil and Colombia (typically 50%–60% in 

three countries (

increase in the Bolivarian Republic of Venezuela has been associated 

rather than increased malaria incidence. The increase in Haiti 

availability of resources for case detection during the emergency 

response. Data from the Dominican Republic suggest a higher 
incidence of malaria in 2005 and 2010 compared to other years.

nevertheless reported an overall reduction of more than half during 

2006 and 2010 was highly variable among countries (Fig. G

to cover more than half of the cases attending public sector health 
facilities in almost all countries that reported data (Fig. H

P. falciparum malaria is prevalent.

half between 2000 and 2010 (
were comparatively well supplied with antimalarial medicines 

a high proportion of households reported as being protected by IRS.

and malaria trends across the countries in the Region of the 
Americas is therefore inconsistent. 

BOX 7.5 
Ten years of effective partnership for malaria prevention and 
control in the Region of the Americas 

Malaria control in the Americas has progressed over the 
past decade through strong regional partnerships. Two of 

respond to the challenge of antimalarial drug resistance in 
the Amazon. RAVREDA has also partnered with international 

American countries. 

current epidemiological situations and to conduct studies of 

P. falciparum malaria

studies on chloroquine-resistant P. vivax in the Plurinational 

helped to standardize the methodology for ELISA-based tests 
used in monitoring temporal and spatial variations in drug 

new drugs used in the Region.

malaria elimination in areas where this is deemed feasible. 
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Figure 7.5 Region of the Americas
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7.4 Eastern Mediterranean Region

Malaria endemicity varies enormously across the Eastern 

and some have a persistently high disease burden.

1 became a new WHO 

Eastern Mediterranean Region to 23. These countries are in various 
stages of malaria control: seven still have areas of high malaria 
transmission and are in the control stage

Fig. A
countries with geographically limited malaria transmission are in the 
elimination

prevention
of reintroduction stage. The remaining countries are malaria-free.

P. falciparum is the dominant species of parasite in the 

P. vivax (Fig. B

1  Data reported to 2010 are compiled as from a single member state.

cases fell by more than half between 2000 and 2010 (
The decline in case numbers in Saudi Arabia has been aided by 

Fig. G
consistent availability of antimalarial drugs (Fig. H; Box 7.3

reported 29 locally-acquired cases and 1912 imported cases (see 
Box 7.6
imported cases.

numbers of cases were reported between 2000 and 2010 and no 
discernible downward trends occurred (Fig. F

(Fig. F Fig. G

remains unclear. 

impact of control measures. 

BOX 7.6 
Progress towards malaria elimination in Saudi Arabia

nationwide. Principal components of the elimination strategy 

of breeding sites mapped by a geographical information 

and cross-border initiatives including the establishment of 

The border malaria units are supported by the mobile 

vector control teams are responsible for spraying a 10 

the cross-border initiative include strong political commitment 
and mechanisms for intersectoral cooperation. 

other antimalarial treatments are available through public 

government is the principal source of funding for the malaria 

between 2005 and 2010. 

The impact of these interventions is clear. The number of 
autochthonous malaria cases in Saudi Arabia dropped from 

locally-acquired infections were due to P. falciparum. Most
of the imported malaria cases in Saudi Arabia are detected by 
the border malaria units. 

Considering the higher burden of malaria in neighbouring 

Figure Box 7.6  Locally acquired and imported malaria 
cases in Saudi Arabia 1990-2010
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Figure 7.6 Eastern Mediterranean Region
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7.5 European Region

and aims to do so by 2015. 

developed in 2006 is to interrupt transmission and eliminate malaria 

to strengthen national capacities for malaria control. 

The total number of reported indigenous malaria cases in the 
European Region decreased from 32 394 in 2000 to only 176 in 
2010. Locally-acquired P. vivax

P. falciparum cases have been 
reported since 2008.  and E show how incidence has fallen in 
the seven principally affected countries. There are now no countries 
where malaria is increasing (Fig. F

had only nine cases in 2010 (Fig. E

2010 (Fig. E

P. vivax cases arose 

P.
falciparum
remaining falciparum malaria-endemic country in the Region. All 
other P. falciparum malaria cases found in the Region in 2010 were 
imported (Fig. B Section 7.8

Section 7.7

where each country aims for complete coverage (>80% of population 
Fig. G

Fig. H

Fig. C

determine whether infection is due to local transmission or has been 
imported. Antimalarial medicines are maintained to ensure radical 

Fig. H

Mediterranean Regions. 

BOX 7.7
Elimination of P. falciparum malaria in Tajikistan

the land is cultivable. It is the smallest country in the south-

for P. falciparum and P. vivax. Malaria control measures began 

locally-acquired cases were reported in the south of the country. 

During the 1990s the malaria situation deteriorated due 

disruption of health services and of vector control activities. 

of P. falciparum and P. vivax across the country. 

P. falciparum cases from 183 
in 1997 to 831 in 2000. An. superpictus An. pulcherimus An.
macullipennis and An. hyrcanus are the principal and secondary 
malaria vectors in the country.

transmission of P. falciparum malaria by 2010. 

Interventions included: case management and prevention 

complemented by the distribution of more than 35 000 LLINs 
Gambusia

for chloroquine-resistant P. falciparum 
artemether-lumefantrine in 2007. 

P. falciparum 

P. vivax is reported in the country. Malaria elimination measures 
now focus on improving capacity for early diagnosis and radical 
treatment of P. vivax

for timely detection and response in the event of P. falciparum
reintroduction.

Figure Box 7.7  Locally acquired P. falciparum cases in 
Tajikistan 1994-2010
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Figure 7.7 European Region

0% 20% 40% 60% 80% 100%

Uzbekistan

Turkey

Kyrgyzstan

Georgia

Azerbaijan

Tajikistan

High risk Low risk Malaria free

0% 20% 40% 60% 80% 100%

Uzbekistan

Turkey

Tajikistan

Kyrgyzstan

Georgia

Azerbaijan

0% 20% 40% 60% 80% 100%

Tajikistan

Georgia

Azerbaijan

Kyrgyzstan

Uzbekistan

Turkey

-50%

0%

50%

100%

Ge
or

gia

Tu
rke

y

Ta
jik

ist
an

Uz
be

kis
ta

n

Az
er

ba
ija

n

Ky
rgy

zs
ta

n

Pe
rce

nt
ag

e

0% 20% 40% 60% 80% 100%

Uzbekistan

Turkey

Tajikistan

Kyrgyzstan

Georgia

Azerbaijan

Uzbekistan

Turkey

Tajikistan

Kyrgyzstan

Georgia

Azerbaijan

1

10

100

1 000

10 000

100 000

2000 2002 2004 2006 2008 2010

Georgia

Turkey

Tajikistan

Uzbekistan

Azerbaijan

Kyrgyzstan

d) Percentage decrease in admissions and deaths, 2000–2010

e)

b) Percentage of cases due to P. falciparum, 2006-2010a) Population at risk, 2010

f) Countries with increase or < 50% decrease, 2000-2010

c) Annual blood examination rate, 2006–2010

h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS and ITNs,
2010

0% 20% 40% 60% 80% 100%

IRS ITN Any antimalarial ACT

2000 2002 2004 2006 2008 2010
1

10

100

1 000

10 000

100 000



66 WORLD MALARIA REPORT 2011

7.6 South-East Asia Region

Malaria is clearly declining in the smaller countries of the South-

in the control phase. Two low-incidence countries are in the pre-

Box 7.8

million people inhabit areas with a reported incidence of >1 case 
per 1000 population per year (Fig. A

P.
falciparum
(Fig. B P. falciparum

P. vivax
P. vivax

P. falciparum has 
fallen from 29% in 2000 to only 2% in 2010. 

Indonesia and Myanmar. Both cases and deaths are substantially 
underreported (see Section 7.9
indicative of the geographical distribution of malaria in the Region.

these countries the number of cases reported annually fell by more 
than half between 2000 and 2010 (

falling by 28% between 2000 and 2010 (

year (Fig. C

past decade (Fig. E
medicines (Fig. H

interventions appears to be limited in Nepal. Two countries in the 

analyses are needed of the determinants of malaria trends in the 

antimalarial medicines. 

BOX 7.8 
Maldives: an example of prevention of reintroduction in the 
South-East Asia Region

Malaria eradication in the Maldives was achieved through 
the elimination of anopheline mosquito vectors. Malaria 

An. tessellatus and An. subpictus, in a fragile 

human habitation effectively removed blood sources. Other 
inadvertent mosquito control measures were the withdrawal of 

disturbing or removing larval breeding sites. All of these 

vector species from the islands. The last specimen of An.
subpictus
1984 and An. tessellatus was last detected at Maamigili (Alif 

surveillance.

Entomological surveillance has been carried out regularly 

tree holes and swamps. 

malaria cases are given radical treatment and followed up. 
Prophylactic treatment is given to Maldivians who travel to 

the islands maintain a high level of awareness of the threat 
of malaria. 
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Figure 7.8 South-East Asia Region
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h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS 
and ITNs, 2010
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Nine of the ten principal malaria-endemic countries in the 

of decline is still slow.

Malaria transmission in the Region is highly heterogeneous. It 

and Vanuatu. It is highly focal in the countries and areas of the 

transmission is most intense in remote forested areas and where 
the disease disproportionately affects ethnic minorities and 

Most countries have transmission cycles of both P. falciparum
and P. vivax, but transmission is entirely due to P. vivax in the 

Fig. B

from the Region in 2010. Three countries accounted for 70% of 

and the numbers of cases more than halved between 2000 and 

of decline. 

Malaria interventions are implemented widely in the 

in routinely collected data are imprecise. Two of the countries with 

(Fig. G
are not impregnated with insecticide and so ITN coverage is low 

only 19% of people sleep under an ITN. The proportion of people 

in 2010. 

Fig. C
countries is much lower. Antimalarial medicines were widely 
available in all ten countries (Fig. H
2006–2010 there were inadequate supplies of ACTs in two 
important P. falciparum-
and Malaysia. 

BOX 7.9
Increasing public health awareness of Plasmodium knowlesi

infect humans and is capable of producing severe illness 
with a high case fatality rate. P. knowlesi
as a human pathogen since early 1930s when thousands of 
people were deliberately infected with the parasite during the 
treatment of tertiary syphilis.

since then other countries in South-East Asia have reported 
cases. Its importance as a public health problem is increasing 

The principal mosquito vectors are species of the 
Anopheles leucosphyrus
East Asian Region. The natural reservoir hosts and source of 

P. knowlesi
because it can be confused with P. malariae. PCR is currently 

Viet Nam were detected by a survey in Ninh Thuan province 

P. knowlesi

P.
knowlesi
fatality rate of 11% of all cases and 28% of all severe cases.

In view of the public health importance of P. knowlesi

Countries which are close to elimination should be vigilant for 

carry out further research in settings where human cases of P. 
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d) Percentage decrease in admissions and deaths, 2000–2010

b) Percentage of cases due to P. falciparum, 2006-2010a) Population at risk, 2010

f) Countries with increase or < 50% decrease, 2000-2010

c) Annual blood examination rate, 2006–2010

h) Percentage of cases potentially treated with antimalarial 
medicines, 2010 

g) Percentage of high risk population protected with IRS 
and ITNs, 2010
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7.8. Malaria elimination

Table 7.1
elimination and prevention of reintroduction stages as of 1 
December 2011. Several countries are preparing to move between 

Table 7.1
right. The ultimate goal of all malaria affected countries is to be 

imported cases (see Section 7.8
transmission.

Table 7.1
Region: Algeria which is in the elimination stage and Cape Verde 

control by 2010. Bahamas reported zero locally-acquired cases in 

prepared for the prevention and management of possible future 

P.
vivax

The European Region is aiming for complete elimination of 
malaria by 2015. P. falciparum transmission has already been 

 P. vivax malaria transmission. 

The latter two countries reported no local transmission in 2009 or 

few remaining foci. 

P. falciparum and 
P. vivax

has moved to prevention of reintroduction. Iran moved to the 

strategy in that year. 

Many hundreds of malaria cases were imported into Oman in 
P. falciparum and P.

vivax were reported in the North Sharqiya region of the country in 

P. falciparum

P. vivax malaria 
infections in 2010 with 27 imported cases. 

2010. Armenia reported its last indigenous case in 2005 and 

malaria-free since 2007.

7.9 Imported malaria, 2001–2010

Imported malaria refers to infections acquired outside and 
brought into a national territory. The character of imported malaria 
and the problems it poses for countries in the prevention of 
reintroduction and malaria-free stages has changed over the period 

patterns of travel and international migration. 

immigrants returning home to endemic areas to visit friends and 

malaria cases are imported with returning members of national armed 

Imported malaria was reported by 91 countries between 2001 

investigated (  and 

Critical for malaria control is whether imported cases lead to 

frequently investigated to understand the precise circumstances of 

were limited to fewer than 10 cases. 

P. vivax in Palm Beach 

of P. falciparum
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WHO Region Pre-elimination Elimination
Prevention of 
reintroduction

5 years, or no local transmission 
reported for over a decade

Africa Cape Verde Algeria
Americas Argentina Bahamas1

El Salvador Jamaica1

Mexico
Paraguay

Eastern Mediterranean Iran Egypt Morocco
Saudi Arabia Iraq2 Turkmenistan

Oman1 United Arab Emirates
Syrian Arab Republic

Europe Azerbaijan Georgia2 Armenia
Kyrgyzstan Russian Federation1

Tajikistan
Turkey
Uzbekistan

South East Asia DPR Korea
Sri Lanka
Malaysia Republic of Korea

Typical additional programme activities and considerations in different phases of elimination (Footnote) 
Malaria situation 3 among suspected 

malaria patients throughout the 

of cases

1 per 1000 population at risk3

cases of) local transmission in 
recent years

Programme goal Programme reorientation from 
control towards elimination 
approach

Halt local transmission nation-
wide

Prevent re-establishment of 
local transmission

Case management All malaria cases are 

covering public and private sector 

Radical treatment of P. vivax; 
ACT plus gametocytocidal 
treatment for P.falciparum

Case management of imported 
malaria

Microscopy quality-assurance 
systems are put in place

Routine QA/QC expert 
microscopic diagnosis

Vector control and 
malaria prevention and LLIN as complementary 

Vector control to reduce 
receptivity in recent foci prevention in travelers

Surveillance,
monitoring and 
evaluation

All malaria cases are Active case detection Vigilance by the general health 
services

vectors and foci
cases and foci investigation and Case investigation of imported 

introduced cases
Elimination database initiated Collect documentation for 

Health systems and Mobilization of domestic 
resources

Largely reliant on domestic 
resources

Integration of malaria 
programme into other health 

maintance of a central nucleus 
of malaria expertise

1 Recently achieved zero locally acquired cases
2
3

TABLE 7.1
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P. falciparum cases were 

from public health authorities.

Figure 7.10  Reported number of imported malaria cases to 
malaria free countries
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“airport malaria” in 2009. 

number of countries progressing to the prevention of reintroduction 

7.10  Global estimates of malaria cases and 
deaths 2000-2009

Methods

The number of malaria cases in 2010 was estimated by the 
following methods: 

(i) Countries outside the WHO African Region and low 
transmission countries in Africa.1 Estimates of the number of cases 

is described in the World Malaria Report 2008 (16, 17), combines 

from nationally representative household surveys on health service 
use. If data from more than one household survey was available 

were imputed by linear regression. If only one household survey 

World Malaria Report 2008
indicated that in countries with multiple surveys the percentage 
of fever cases treated in public sector facilities varies little over 
time. This procedure results in an estimate with wide uncertainty 
intervals around the point estimate.

1

BOX 7.10
Prevention of malaria reintroduction in Mauritius

Transmission of malaria in Mauritius was interrupted in 

P. vivax cases 

resulted in a further 627 cases and continued sporadic local 

have contributed to this resurgence. Of particular note is a 
four-fold increase in the number of new arrivals in Mauritius 

detection activities.

A second effort to eliminate malaria succeeded in 1998 

An. arabiensi

including larviciding in areas receptive for malaria transmission 
and IRS at ports of entry. It also maintains a passenger screening 
programme which was initiated in the 1960s. Health surveillance 

and passengers that have a recent history of being in a malaria-
endemic country are followed through home visits or telephone 

are contacted at least once and 38% followed for the full 42-day 
surveillance period. About 21% of passengers leave the country 
prior to contact or are not traceable. 

26% from the passenger screening programme.

The prevention of malaria reintroduction currently costs 

35% are dedicated to the passenger screening programme. The 
government of Mauritius is the primary source of funds for these 
activities.

PLoS ONE
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(ii) Other countries in the WHO African Region
countries the quality of surveillance data did not allow a convincing 

inferred from longitudinal studies of malaria incidence recorded in 

ITN and IRS programmes. The procedure was initially developed 

(18) and also described in World Malaria Report 2008 (16, 17).

The number of malaria deaths was estimated as follows: 

(i) Countries outside the WHO African Region and low 
transmission countries in Africa1. The number of deaths was 
estimated by multiplying the estimated number of P. falciparum

described in the World Malaria Report 2008 (16). This method is 
used for all countries outside the African Region and for countries 
within the African Region where estimates of case incidence were 
derived from routine reporting systems and where malaria causes 
less than 5% of all deaths in children under 5 as described in 

(19). A case fatality 
P.

falciparum
P. falciparum cases in other Regions. In situations where 

to provide a better guide to the levels of malaria mortality than 
attempts to estimate the fraction of deaths due to malaria.

(ii) Other countries in the WHO African Region, and Somalia 
and Sudan in the Eastern Mediterranean Region. Child malaria 
deaths were estimated using a verbal autopsy multi-cause model 

aged 1–59 months in countries with less than 80% of vital 
registration coverage. The VAMCM is a revised model based on 

(20, 21). The VAMCM derives mortality 

methods to ensure that all 9 causes are estimated simultaneously 
with the total cause fraction summing to 1. The regression model 

with year 2000–2010 country-level input data to provide time-
series estimates of causes of death in children aged 1–59 months. 

of  type b vaccine. The bootstrap method 
was employed to estimate uncertainty intervals by re-sampling from 
the study-level data to estimate the distribution of the predicted 
percent of deaths due to each cause.

Disease burden and trends

Cases: In 2010 there were an estimated 216 million cases 

P.falciparum. The vast 

only 11% of the estimated number of cases. The gap between 

case reports and estimated incidence was largest in the South-East 

The estimated number of malaria cases per 1000 persons at 

2000 and 2010. Declines in cases incidence are seen in every 

Deaths: There were an estimated 655 000 malaria deaths 
worldwide in 2010. It is estimated that 91% of deaths in 2010 

globally were in children under 5 years of age. 

Figure 7.11  Estimated trends in malaria case per 1 000 
persons at risk by WHO Region, 2000–2010
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aid interpretation.

Figure 7.12  Estimated trends in malaria deaths per 100 000 
persons at risk by WHO Region, 2000–2010
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The total number of deaths is substantially lower than that 
presented in the World Malaria Report 2010
partly because of a downward revision to estimates of the total 

22
reduced the estimates of malaria deaths in the WHO African 
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between the total number of deaths estimated for the African 

real decrease in the number of malaria deaths. This decrease can 

The estimated number of malaria deaths per 100 000 persons 

26% globally between 2000 and 2010 (Fig. 7.y
percentage decreases in malaria mortality rates were seen in the 

7.11 Conclusions

7.11.1 Malaria in the African Region

(Table 7.3

has set the ambitious goal of eliminating malaria by 2020. Between 
2000 and 2008 there were steep declines in malaria cases in 

biggest reductions in malaria cases and deaths since 2000 have 
been on islands and in small countries with intensive control 

and Senegal. Malaria also appears to be in decline in Ethiopia 
and Zambia which have greatly increased ITN and IRS coverage 

Table 7.1

While substantial decreases in the numbers of malaria cases 
are observed in countries that have well developed surveillance 

more populous countries of central and west Africa. The reasons are 

practice and concealing the underlying trends in malaria incidence. 

admissions. While the predictive value of a malaria diagnosis 
for an admitted patient is considered to be higher than for an 

there may be uncertainty over whether malaria is being reported 

malaria therapy. 

The implications for monitoring and evaluation in the African 
Region are clear: a better understanding of malaria trends and their 

coverage on small spatial and temporal scales.

7.11.2 Malaria in other WHO Regions

P.
falciparum P. vivax and other Plasmodium
by a diversity of Anopheles vectors. The approach to vector control 

TABLE 7.2. 
Estimates of malaria cases and deaths by WHO Region, 2010 

Estimated cases ('000s)
cases

reported
Reported/estimated

Region Estimate Lower Upper % P. falciparum
Africa 174 000 113 000 239 000 98% 20 000 11%
Americas 1 000 1 000 1 000 34% 1 000 59%
Eastern Mediterranean 10 000 8 000 14 000 82% 1 000 10%
Europe 0.2 0.2 0.2 5% 0.2 85%
South-East Asia 28 000 23 000 35 000 54% 2 000 9%

2 000 2 000 2 000 77%  257 13%
World 216 000 149 000 274 000 91% 24 000 11%

Estimated deaths
Region Estimate Lower Upper
Africa 596 000 468 000 837 000 91%
Americas 1 000 1 000 2 000 29%
Eastern Mediterranean 15 000 1 000 38 000 60%
Europe 0 0 0 4%
South-East Asia 38 000 28 000 50 000 31%

5 000 3 000 6 000 41%
World 655 000 537 000 907 000 86%
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TABLE 7.3

Decrease in cases, >50%
Decrease in cases , 

25-50% Change in cases, <25% Increase in cases, >25%
AFRICAN REGION
Algeria Ethiopia Gambia* Angola
Botswana Senegal Madagascar Benin
Cape Verde Eritrea Burkina Faso+
Namibia Burundi+
Rwanda Cameroon
Sao Tome and Principe Central African Republic
South Africa Chad
Swaziland Congo

Côte d’Ivoire
Dem. Rep. of the Congo+
Equatorial Guinea*
Gabon
Ghana
Guinea
Guinea-Bissau
Kenya*
Liberia+
Malawi
Mali
Mauritania
Mozambique
Niger
Nigeria
Sierra Leone+
Togo+
Uganda+
United Republic of Tanzania*

REGION OF THE AMERICAS
Argentina Brazil Colombia Dominican Republic Haiti+
Belize Guyana Venezuela (Bolivarian Republic)
Bolivia (Plurinational State)
Costa Rica
Ecuador
El Salvador
French Guiana
Guatemala
Honduras
Mexico
Nicaragua
Panama
Paraguay
Peru
Suriname
EASTERN MEDITERRANEAN REGION
Afghanistan Djibouti
Iran (Islamic Republic) Pakistan*
Iraq Somalia
Saudi Arabia Sudan*

Yemen*
EUROPEAN REGION
Azerbaijan
Georgia
Kyrgyzstan
Tajikistan
Turkey
Uzbekistan
SOUTH-EAST ASIA REGION
Bhutan India Bangladesh+
Democratic People's Republic of  Korea Timor-Leste
Nepal Indonesia
Sri Lanka Myanmar+
Thailand
WESTERN PACIFIC REGION
China Lao People's Democratic 

Republic
Cambodia*

Philippines Malaysia Papua New Guinea
Republic of Korea Vanuatu
Solomon Islands
Viet Nam

Source: NMCP data.
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Source: NMCP data. The southern Africa group includes Botswana, Namibia, South Africa and Swaziland. South-East Asia reported the largest number of cases, and the 
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determined in each setting by the local combination of parasites 
and vectors. 

Routine surveillance outside Africa does not capture all malaria 

underlying trends in malaria incidence in most countries. As in the 

7.12
downward trends are more conspicuous than in others. 

smaller countries but the burden appears persistently high in the 
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and Myanmar. These large countries dominate the regional trend.

The Eastern Mediterranean Region is characterised by enormous 

reporting from the largest countries. The North African countries 

Brazil and Colombia. The most impressive rates of decline have 

increasing in the Dominican Republic and possibly in Haiti. 

Nine of the ten principal malaria-endemic countries in the 

and case numbers are continuing to fall in both countries.

Cross-country comparisons of routine surveillance data are a 

where and by how much these measures are having an impact. 
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