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Abstract
The burden of malaria has decreased dramatically within the past several years in parts of sub-
Saharan Africa, following the scale-up of interventions supported by the Roll Back Malaria
Partnership, the President’s Malaria Initiative and other partners. It is important to appreciate that
the reductions in malaria have not been uniform between and within countries, with some areas
experiencing resurgence instead. Furthermore, while interventions have greatly reduced the burden
of malaria in many countries, it is also recognized that the malaria decline pre-dated widespread
intervention efforts, at least in some cases where data are available. This raises more questions as
what other factors may have been contributing to the reduction in malaria transmission and to
what extent. The International Center of Excellence for Malaria Research (ICEMR) in Southern
Africa aims to better understand the underlying malaria epidemiology, vector ecology and parasite
genomics using three contrasting settings of malaria transmission in Zambia and Zimbabwe: an
area of successful malaria control, an area of resurgent malaria and an area where interventions
have not been effective. The Southern Africa ICEMR will capitalize on the opportunity to
investigate the complexities of malaria transmission while adapting to intervention and establish
the evidence-base to guide effective and sustainable malaria intervention strategies. Key
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approaches to attaining this goal for the region will include close collaboration with national
malaria control programmes and contribution to capacity building at the individual, institutional
and national levels.
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1.1 Introduction
Declines in the burden of malaria have been reported throughout sub-Saharan Africa
(O’Meara WP, Mangeni JN 2010), following the scale-up of interventions under the Roll
Back Malaria Partnership, the President’s Malaria Initiative (PMI) and other renewed
public-private partnerships. Albeit the interventions have greatly reduced malaria burden of
many countries it is recognized that the malaria decline has not been universal, both inter-
and intra-country (DaSilva J, Garanganga B 2004)(O’Meara WP, Mangeni JN 2010). Within
Southern Africa, such wide heterogeneity that now exists in the burden of malaria despite
implementation of control measures is of critical importance to success of the regional scale-
up and elimination efforts. Research to understand the underlying reasons for sustained
malaria depletion in some areas and why apparently the same interventions have not worked
in other epidemiological settings is vital to extending locally tailored malaria control efforts,
developing new control strategies and achieving malaria elimination in Southern Africa.

It has also been acknowledged that the observed malaria declines in some cases pre-dated
the widespread intervention efforts, at least in several situations where data are available,
(O’Meara WP, Bejon P 2008). This suggests the cautionary possibility of other as yet
uncharacterized factors having been at play in the reduction of malaria transmission.
Integrated research to ascertain what such factors may be, their relative contribution and
dynamics, is imperative to ensure viability and effective timing of malaria control and
elimination efforts.

The International Center of Excellence for Malaria Research (ICEMR) in southern Africa
aims to better understand over time the underpinning malaria epidemiology, vector biology
and parasite genomics in three contrasting epidemiological settings of malaria transmission
in Zambia and Zimbabwe: an area of successful control (Choma District, Zambia), an area
of resurgent malaria (Mutasa District, Zimbabwe) and an area where control interventions
have been ineffective (Nchelenge District, Zambia) (Figure 1).

1.2 Roll Back Malaria Efforts
Zambia and Zimbabwe have a history of malaria control dating back to the 1940’s (Sharp B,
van Wyk P 2002;Mabaso ML, Sharp B 2004). By the mid-1980’s, indoor residual spraying
(IRS) in Zambia, previously effective in urban areas along the rail line from Chililabombwe
to Livingstone, had become decentralized and subsequently declined (Sharp et al., 2002) as
the economy weakened. This breakdown in the malaria control program was accompanied
by a temporary resurgence in malaria, with incidence tripling over a 24 year period between
1970 and 2000 (Anon, 2000) and continuing to increase several years afterwards (Anon,
2003). Since Zambia was by then relying on case management at rural health centers as the
sole method for malaria control, the increased prevalence of chloroquine resistance further
hindered malaria control efforts (Bruce-Chwatt LJ 1978;Perry KR, Hone NM 1984;Wood R
1984)(Anon, 1996; Trape, 2001).
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Zambia revitalized its malaria control program under the guidance of the World Health
Organization (WHO) Roll Back Malaria Partnership starting in the late 1990’s (Hamer DH,
Ndhlovu M 2007;Chanda E, Masaninga F 2008). With funding from the Global Fund to
Fight AIDS, Tuberculosis and Malaria, the World Bank, PMI and other donors (Singer E
2005), Zambia made progress in malaria control, with dramatic declines in malaria
incidence in many parts of the country (Ministry of Health Government of the Republic of
Zambia 2010). The prevalence of malaria parasitemia in children younger than five years of
age decreased 53% from a baseline prevalence of 22% between 2006 and 2008 (Chizema-
Kawesha E, Miller JM 2010).

The same cannot yet be said for Zimbabwe, where despite some funding for malaria control
from the Global Fund, PMI and others, malaria remains a major cause of morbidity and
mortality. Resistance of Plasmodium falciparum to chloroquine and sulfadoxine-
pyrimethamine (Mharakurwa and Mugochi, 1994a, b; Mharakurwa et al., 1998)(Mlambo,
Sullivan 2007) and of Anopheles arabiensis to pyrethroids (Munhenga G, Masendu HT
2008) emerged, complicating malaria control. Both Zambia and Zimbabwe established
national malaria control programs but these programs have been funded at a higher level in
Zambia than in Zimbabwe in recent years. The primary malaria control strategies in both
countries are indoor residual spraying (IRS), distribution of insecticide treated nets (ITNs),
active case management with artemisinin combination therapy (ACT) and concomitant
accurate malaria detection by rapid diagnostic tests (RDTs). There is also use of intermittent
presumptive therapy against malaria in pregnancy (IPTp).

1.3 Successful malaria control
Choma District (Figure 1) has a population of 204,898 and is located in the Southern
Province of Zambia, a drought-prone region that receives the lowest mean annual rainfall
(650 – 800mm) in the country(BÄUMLE et al., 2007). The area is characterized by cool
(May – July) and hot (August – October) dry periods, with an unpredictable wet season
between November and April. Malaria transmission is mainly by Anopheles arabiensis, with
smaller foci of An. funestus and is highly seasonal, with little or none during the dry period.

The Southern Province has experienced a substantial decline in the burden of malaria
(Ministry of Health Government of the Republic of Zambia 2010). The prevalence of
parasitemia in children younger than five years of age residing in Southern Province was
13.7% according to the 2006 National Malaria Indicator Survey (Ministry of Health
Government of the Republic of Zambia 2006), decreased almost half to 7.9% by 2008
(Ministry of Health Goverment of the Republic of Zambia 2008), and was 5.7% (by
microscopy) in 2010 (Ministry of Health Government of the Republic of Zambia 2010),
making Southern Province one of the provinces with the lowest parasite prevalence in
Zambia, behind Lusaka (0%) and Western Provinces (5.1%).

Prior to 2003 the number of cases of malaria were increasing in Choma District (National
Malaria Control Centre 2003), but following the introduction of ACTs a dramatic decline in
malaria was observed. Data on confirmed malaria cases in children from Macha Hospital
shows an association between the start of ACT implementation and a decline in the number
of children hospitalized with malaria (Figure 2), with a rebound in the number of
hospitalized children with malaria when ACT was temporarily unavailable. This decline in
pediatric admissions for malaria preceded widespread distribution of insecticide-treated nets
in the region. Extended drought conditions in southern Africa in 2004–2005 led to a
concurrent decline in the population density of Anopheles arabiensis mosquitoes and the
near eradication of An. funestus (Kent RJ, Mharakurwa S 2007;Kent RJ, Thuma PE 2007),
likely contributing to the decline in pediatric hospitalizations for malaria.
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1.4 Resurgent malaria after previous control
Mutasa District has a population of 180,454 (according to the 2010 census) and is located in
a mountainous area of the Manicaland Province of Zimbabwe. The altitude ranges from less
than 600 – more than 1600 meters above sea level. The low-lying part of the district with
valleys of the Honde and Pungwe rivers averages 900m above sea level and is endemic for
malaria. Called the Honde Valley, this lower section of Mutasa district is an area of
farmland on the eastern border of Zimbabwe with Mozambique, and is the location of
several large tea estates. Workers on the estates live in compounds consisting of small
housing communities, but much of the area consists of small-scale subsistence farms
characterized by small villages. In general, the village settlements are concentrated along
perennial streams, and on hillsides endowed with arable soils. While the streams, emanating
from the surrounding mountains flow throughout the year, Honde Valley does experience
cool (May – July) and hot (August – October) dry periods, with a rainy season during the
period November – April. By contrast to the Zambian sites, malaria transmission is seasonal,
unstable and epidemic in nature, exacting morbidity and mortality across all ages(Lukwa et
al., 1999; Mharakurwa et al., 1997; Mharakurwa et al., 2004). The responsible vector
mosquito species in this valley of tea plantations and jungle-like vegetation that is atypical
of Zimbabwe and remains unclear. Mutasa district was under effective malaria control as
part of the Zimbabwean Ministry of Health integrated malaria control program that began in
the early 1950’s and expanded in the 1980’s (Taylor P and Mutambu SL 1986)(Taylor and
A., 1988). Financial constraints militated against this program from the mid to late-1990s,
leading to decentralization of IRS activities and temporary exclusion of Mutasa and other
areas from IRS coverage, as part of “selective control” to minimize cost of
insecticide(Mharakurwa et al., 2004). The district continues to experience a resurgence of
malaria, albeit IRS, ITNs and ACT interventions have been implemented since 2007(Lewis
and Hamade, 2008).

Mutasa District is served by two district hospitals, Bonda Mission Hospital and Hauna
District Hospital, and 14 clinics or health centers. Malaria has been the most common reason
for presentation at health centers in Mutasa District, with an overall relative risk four times
higher than that of acute respiratory infections, the next most common diagnosis. The
number of reported cases of malaria for all ages increased in Mutasa District over the past
decade (Figure 3). In 1995, the number of cases of clinical malaria was 22,834. Between
1995 and 2005 the annual number of reported cases ranged from 19,883 (in 2002) and
67,978 (in 1998). However, the number of reported cases of clinical malaria rose to 75,510
in 2006 and peaked at 75,844 in 2007. The age distribution of cases that spans all ages
presumably reflects previous successful malaria control for decades, characterized by little
or no acquired immunity in the resident population. There is some degree of population
movement in and out of the valley to seek employment, and small numbers of communities
cross from Mozambique to seek medical care at few health centres near the border.
However, this has remained constant and would not account for the substantial malaria
upsurge in the Honde valley.

The national malaria incidence rate in 2007 declined only 7.4% from the incidence of 136
cases per 1,000 persons in 2000, and the number of cases of clinical malaria reported
annually did not change since 1996, ranging from approximately 1.5 million to 1.8 million
cases per year(Lewis and Hamade, 2008).

1.5 Ineffective malaria control
Nchelenge District, in Luapula Province of Zambia, lies in a high rainfall belt of the Central
Africa plateau. The district, which has a population of 137,000, is located to the northeast of
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Ndola in the marshlands of the Luapula River and the environs of Lake Mweru, which it
shares with the Democratic Republic of the Congo (DRC) along the border. Population
movement across the border to and from the DRC is common. The ecology in the vicinity of
Lake Mweru and the agricultural practices in the area are typical habitats for An. funestus as
well as An. gambiae and An. arabiensis. Malaria transmission is intense with little or no
seasonal fluctuations. Despite implementation of malaria control strategies, including IRS,
ITN distribution and the use of ACT, malaria cases have not declined (Figure 4). Recent
preliminary data from ICEMR baseline surveys show evidence of emerging An. gambiae ss
resistance to pyrethroids and DDT. The prevalence of parasitemia in children younger than
five years of age residing in Luapula Province was 32.9% according to the 2006 National
Malaria Indicator Survey and increased to 50.5% by the time of the 2010 survey, making
Luapula the province with the highest parasite prevalence in Zambia, ahead of Northern
Province (23.6%) (Ministry of Health Government of the Republic of Zambia 2010).

1.6 Response of National Malaria Control Programs
In accordance with Roll Back Malaria initiatives, most sub-Saharan African countries used
the opportunity to intensify malaria control efforts. The first major effort in Zambia was a
change in drug policy in 2003 from chloroquine, to which Plasmodium falciparum was
resistant, to artemether-lumefantrine as first line treatment (Sipilanyambe N, Simon JL
2008;Steketee RW, Sipilanyambe N 2008;Barnes KI, Chanda P 2009). This was followed by
mass distribution of ITNs and selective IRS in urban and peri-urban areas (Steketee RW,
Sipilanyambe N, Chimumbwa J, Banda JJ, Mohamed A, Miller J, Basu S, Miti SK, and
Campbell CC 2008;Chizema-Kawesha E, Miller JM, Steketee RW, Mukonka VM, Mukuka
C, Mohamed AD, Miti SK, and Campbell CC 2010). While these efforts resulted in a
decline in malaria transmission in many areas of Zambia, there remains a heavy burden of
malaria in some districts, particularly Luapula and Northern Provinces. Zimbabwe has also
received some funding for malaria control but the burden of malaria has increased in many
parts of the country, requiring a renewed effort to bring it under control again.

1.7 Malaria and Malaria Control in Southern Africa
Three contrasting malaria epidemiological settings are apparent within the southern African
region notwithstanding the scale-up of interventions. Research to elucidate the underlying
vector ecology, epidemiology and parasite genomic diversity in these contrasting areas
where malaria transmission is unchanged, resurgent or on the decline will help provide an
evidence base to better guide and focus control programs and policy in the region. Work to
characterize the vector ecology and behavior and P. falciparum distribution, multiplicity of
infection, genetic profiles and spatial distribution of cases in these contrasting areas would
aid in formulation of locally tailored strategies to improve control and eventual elimination.

However, as evident both in the area of successful control in Zambia and other regions
elsewhere, malaria decline appeared to have started before scaled up of interventions. Thus,
there remains concern about whether current scaled-up of interventions against malaria are
the only, or indeed the main, factor leading to the decline in malaria. Longitudinal studies in
the ecological, vector and parasite genetic diversity in these contrasting transmission areas
will go some way towards answering such critical questions urgently needed to ensure the
successes are not transient, as in the previous malaria eradication era. Such an event would
threaten the credibility of the battle against malaria and may well deal a final blow to the
delicate balance of donor support, pharmaceutical/pesticide company interest, strong
political commitment and a concomitant structure of trained endemic country scientists and
control program implementers. This renewed interest by all parties took decades to come
together. Research such as afforded through the ICEMR will be important in contributing
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evidence for safeguarding improvement and success in malaria control and its eventual
elimination.
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Research Highlights

• Zambia and Zimbabwe have a long history of malaria control efforts

• The burden of malaria has decreased dramatically in much of Zambia due to
accelerated malaria control efforts

• Despite implementation of malaria control strategies, heterogeneity in the
burden of malaria exists

• The goal of the Southern Africa International Center of Excellence for Malaria
Research is to better understand this heterogeneity and further malaria control
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Figure 1.
Location of study sites representing three distinct regions of malaria transmission and
control: Choma District, Zamiba (successful control); Nchelenge District, Zambia
(ineffective control); and Mutasa District, Zimbabwe (formerly successful control but now
resurgent malaria area),
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Figure 2.
Pediatric hospitalizations for malaria at Macha Hospital, Zambia. Red arrows indicate the
introduction of malaria control interventions and the unavailability of Coartem (artemether-
lumefantrine). Macha Hospital data compiled by Dr. Phil Thuma.
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Figure 3.
Malaria incidence per 1000 persons for Mutasa District, Zimbabwe. Data courtesy of the
Ministry of Health and Child Welfare, Zimbabwe.

Mharakurwa et al. Page 12

Acta Trop. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Malaria incidence per 1000 persons for Nchelenge District, Zambia. Data courtesy of the
Nchelenge District Health Office, Ministry of Health, Zambia.

Mharakurwa et al. Page 13

Acta Trop. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


