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Malaria remains the most 
important parasitic disease 
affecting humans [1]. Every 

year, there are some 5 billion clinical 
episodes resembling malaria, some 
600 million clinical malaria cases, and 
about 1 million malaria deaths [2]. The 
great majority of the malaria burden 
falls on the poor rural communities in 
sub-Saharan Africa (SSA), and most 
deaths occur in young children [1,2]. 
Malaria is considered a major barrier to 
the development of SSA [3].

The rapid spread of resistance 
against chloroquine, for decades the 
most important safe, effective, and 
affordable antimalarial drug worldwide, 
was considered a public health disaster 
for SSA by 1998 [4]. One year later, 
a group of leading malariologists 
called for the systematic employment 
of combination therapy, preferably 
artemisinin-based combination 
therapy (ACT), to avert the further 
spread of drug resistance and thus 
a global malaria catastrophe [5]. 
In the meantime, the grave public 
health consequences of chloroquine 
resistance in terms of increasing 
childhood mortality in SSA have been 
well described [6,7]. As a consequence, 
23 countries in SSA had changed their 
fi rst-line malaria treatment policy to 
ACT by the end of 2004, and many 
more have followed up to the present 
[8]. However, because of its cost and 
short supply, ACT remains fi rst-line 
therapy in policy but not in practice 
[1,9,10].

In the fi eld of malaria prevention, 
insecticide-treated mosquito nets (ITNs) 
have been developed as a promising 
tool over the last two decades [1]. ITN 
protection is roughly associated with a 
50% reduction of malaria morbidity and 
a 20% reduction of all-cause mortality in 
children, and these effects are sustained 
over time [11,12]. However, 25 years 

after the fi rst report on the benefi t 
of this intervention, ITN coverage in 
young children is still unacceptably low 
in SSA [13].

Here we present an analysis of the 
malaria situation in one typical district 
of Burkina Faso, which likely represents 
the pattern of problems seen in many 
SSA countries today.

Health Services and Research 
Capacity

Burkina Faso, situated in the Sahel 
zone of West Africa, is one of the 
poorest countries in the world 
[14]. State and external aid cover 
respectively 18% and 28% of all health 
expenditure; the remaining 54% is 
fi nanced directly by the population 
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[14]. Governmental health spending 
equals US$9 per capita per year. A 
total of three teaching hospitals, 11 
regional hospitals, and 55 district 
hospitals serve the country. While the 
regional hospitals have specialist units 
and are run by physicians, the district 
hospitals are run by nurses with some 
supervision, usually from two physicians 
in charge of the whole district. 
Consequently, formal health services 
for the rural population are limited 
to small health centres staffed by two 
nurses and one midwife.

The National Malaria Control 
Programme (NMCP) is a rather 
small Ministry of Health unit (three 
physicians, seven other staff). In 
contrast, four research centres in 
the country are engaged in malaria 
research: The Centre National de 
Recherche et de Formation sur 
le Paludisme and the Institut de 
Recherche en Sciences de la Santé 
in the capital city Ouagadougou, the 
Centre Muraz in Bobo Dioulasso, 
and the Centre de Recherche en 
Santé de Nouna in Nouna (Figures 
1 and 2). These centres receive 
various external support ranging 
from academic collaborations to long-
standing capacity-building grants from 
industrialised countries. Overall, some 
50 scientists are working on malaria in 
these institutions.

Malaria in Burkina Faso

Malaria in Burkina Faso, predominantly 
caused by Plasmodium falciparum, is 
highly endemic and the leading cause 
for morbidity and mortality [15,16]. 
In vivo chloroquine resistance was fi rst 
reported in 1988 and clinical failure 
rates in children with uncomplicated 
malaria were around 5% in the early 
1990s [17]. However, more recent 
data have shown a rapid increase of 
chloroquine but not pyrimethamine–
sulfadoxine resistance over the last few 
years [18–21].

In February 2005, the Ministry of 
Health called for a national expert 
meeting to discuss alternative malaria 
treatment options. It was decided to 
switch from chloroquine to ACT and 
this information was circulated to all 
governmental health workers by April 
2005 [22]. In a further correspondence 
to the formal health services, this 
policy change was reinforced by the 
Ministry of Health in June 2006 despite 
mention in the same document that 

ACT was still not available through 
governmental drug channels [23].

Malaria in the Nouna Health 
District

Nouna Health District (NHD) is 
situated in north-western Burkina 
Faso. It has a population of 296,000 
living in 274 villages served by 25 local 
health centres and by a district hospital 
located in the provincial capital, Nouna 
(population 25,000). 

Malaria is holoendemic but highly 
seasonal in NHD, with most cases 
occurring during or briefl y after the 
rainy season, which lasts from June 
until October [15]. Most of the malaria 
burden is in children, with preschool 
children experiencing at least six fever 
episodes and two malaria episodes per 
year [16]. Malaria is the major cause for 
the childhood mortality rate of 35 per 
1,000 per year [24,25]. Chloroquine 
treatment of preschool children in 
2001 failed in 10% on day 14, but 
failure rates subsequently increased 
signifi cantly ([26] and B. Kouyaté, 
unpublished data). In 2003, this fi gure 
was above 50% in Nouna town [21]. 

Malaria control is based on home 
treatment of fever cases with a mix 
of antipyretics, chloroquine, and 
traditional treatments [27]. Only a 
minority of patients are treated in 
formal health services [27], and many 
antimalarials are substandard drugs 
bought at markets. The great majority 
of children who die of malaria had not 
visited formal health services during 
their fi nal illness [27]. 

On average and considering 
exclusively direct costs, households in 
NHD spend about US$2 to treat one 
fever episode [28]. Considering that a 
child suffers about six episodes of fever 
per year, an average household with 
four children may end up spending 
US$48 just for presumptive malaria 
treatment in children. 

In spite of the offi cial policy change, 
ACT continues to be available only 
in private pharmacies in the town of 
Nouna and at a prohibitively high price 
(US$6.5 for the course of treatment 
needed for a child). A study conducted 
in early 2006 on a representative 
sample of 1,080 NHD households 
demonstrated that of 122 fever episodes 

doi:10.1371/journal.pmed.0040127.g002

Figure 2. Location of the Four Malaria Research Centres in Burkina Faso 
The four centres are the Centre National de Recherche et de Formation sur le Paludisme and the 
Institut de Recherche en Sciences de la Santé in the capital city Ouagadougou, the Centre Muraz in 
Bobo Dioulasso, and the Centre de Recherche en Santé de Nouna in Nouna. 
(Figure: Anthony Flores)
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in preschool children, none was treated 
with ACT, 112 were treated with 
chloroquine, six with amodiaquine, 
three with quinine, and one with 
pyrimethamine –sulfadoxine (M. Tipke, 
unpublished data). This treatment 
behaviour may also be infl uenced by 
the experience of chloroquine being 
a good anti-infl ammatory drug in 
cases of febrile illness. However, even 
governmental health workers in Nouna 
town are still prescribing chloroquine 
for the treatment of fever in young 
children. 

ITN provision in the NHD was until 
recently limited to project activities 
at the Centre de Recherche en Santé 
de Nouna and to small-scale sales 
supported by social marketing in 
Nouna town [12]. However, it has 
been shown that demand for ITNs is 
high and that compliance with freely 
distributed ITNs under the conditions 
of an effectiveness trial was good 
[29,30].

Discussion

The diffi culties of translating research 
fi ndings into practice are well known 
and have been found to be a universal 
phenomenon [31]. With regard to 
evidence-based changes of malaria 
treatment policies, such processes have 
already been described in detail for 
selected SSA countries [32,33].

The development of clinically 
relevant resistance against chloroquine 
in Burkina Faso was discovered through 
studies conducted by national health 
research centres. This was followed by 
a national meeting of experts and—
forced by strong recommendations 
from the World Health Organization 
(WHO)—to a policy shift to ACT as 
recommended treatment. However, for 
the last two years this policy has been 
only on paper as ACT is not available 
through governmental health services. 
The obvious reason for this is lack of 
funds. The Global Fund to Fight AIDS, 
Tuberculosis and Malaria (GFATM) 
is the main external funding body 
for ACT in SSA [1,34]. However, a 
proposal to the GFATM on malaria 
control support in Burkina Faso was 
rejected in June 2005. This decision 
is widely perceived in Burkina Faso as 
mainly motivated by fi nancial problems 
of the GFATM.

Another obvious fact is that malaria 
research capacity appears to be well 
developed in Burkina Faso. However, 

the implementation capacity of the 
NMCP is not. As we are aware of similar 
mismatches between research and 
implementation capacities in other SSA 
countries, we may question whether 
the tendency of external donors and 
malaria-endemic countries to invest 
much into malaria research, while at 
the same time neglecting support for 
capacity building and strengthening of 
national programmes, is justifi ed. 

So what would an ideal malaria 
control programme look like in a 
country such as Burkina Faso? First 
of all, safe and effective drugs need 
to be available and accessible to the 
whole population. High treatment 
coverage with well-equipped health 
services is unlikely to be implemented 
in the near future, particularly in 
the rural parts of the country. One 
approach to overcome this obstacle 
could be a programme of home- and 
community-based malaria treatment, 
and promising experience on this topic 
has been demonstrated (B. Kouyaté, 
unpublished data), [35]. However, the 
choice of drugs is crucial and the cost 
could be prohibitive: if all the roughly 
20 million annual fever episodes 
occurring in preschool children in 
Burkina Faso were treated with ACT at 
a cost of US$1 per course, this would 
already amount to US$20 million [2]. 
Moreover, protection of all preschool 
children with long-lasting ITNs would 
add another US$20 million as initial 
investment costs followed by US$5 
million per year for replacements 
[2,36].

Nevertheless, policy makers must 
realise that malaria prevention and 
treatment interventions clearly 
belong together, as ITN protection 
for example would roughly halve 
the number of malaria episodes and 
consequently ACT treatment courses 
[11]. An estimated US$2–3 billion 
of external funds would be needed 
every year to scale up the response 
against malaria in all of SSA, but 
investments are presently only in the 
range of US$100 to 200 million [37]. 
The amount that the impoverished 
populations of SSA could contribute 
towards these investments is negligible 
[36,37].

Unfortunately there is no ideal 
world. As suffi cient funds for 
high coverage provision of ACT 
are currently not available, an 
appropriate interim solution would 

be to use a pragmatic combination 
of two affordable drugs. The obvious 
choice would be the combination 
of pyrimethamine–sulfadoxine and 
amodiaquine, which has been shown to 
be as effective as ACT in a number of 
SSA countries, including Burkina Faso 
[38–40]. 

However, after it became clear 
that Burkina Faso would not receive 
GFATM funds for the purchase of 
ACT, the NMCP of Burkina Faso asked 
the World Bank to use a portion of an 
existing US$12 million loan from the 
Global Strategy and Booster Program to 
purchase pyrimethamine–sulfadoxine 
and amodiaquine as an interim 
solution. This request was rejected with 
the argument that WHO recommends 
only ACT. As a result, chloroquine 
remains factually the fi rst-line malaria 
treatment in Burkina Faso. These 
observations support the view that 
SSA countries continue to be victims 
of ignorance and lack of coordination 
between external donors and 
international organisations [41,42].

In summary, we call for more realistic 
malaria control policies and their rapid 
and comprehensive implementation 
in SSA. Too many African children 
are dying in these days from a disease 
against which effective and cost-
effective prevention and treatment 
options have long been developed. �

Acknowledgments
We would like to thank the following 
colleagues for helpful comments on the 
manuscript: Frank Mockenhaupt, Steffen 
Borrmann, and Hans-Jochen Diesfeld.

Author contributions. BK and OM 
designed the study. BK collected and 
analysed data for the study. All authors 
contributed to the writing of the paper. 

References
1. Greenwood BM, Bojang K, Whitty CJM, Targett 

GAT (2005) Malaria. Lancet 365: 1487–1498.
2. Breman JG, Mills A, Snow RW, Mulligan JA, 

Lengeler C, et al. (2006) Conquering malaria. 
In: Jamison DT, Breman JG, Measham AR, 
Alleyne G, Claeson M, et al., editors. Disease 
control priorities in developing countries. 
Second edition. Available: http:⁄⁄www.dcp2.
org/pubs/DCP/21/FullText. Accessed 27 
April 2007.

3. Sachs G, Malaney P (2002) The economic and 
social burden of malaria. Nature 415: 680–685.

4. Marsh K (1998) Malaria disaster in Africa. 
Lancet 352: 924.

5. White NJ, Nosten F, Looareesuwan S, Watkins 
WM, Marsh K, et al. (1999) Averting a malaria 
disaster. Lancet 353: 1965–1967.

6. Trape J (2001) The public health impact of 
chloroquine resistance in Africa. Am J Trop 
Med Hyg 64: S12–S17.

7. Korenromp E, Williams BG, Gouws E, Dye 
C, Snow RW (2003) Measuring trends in 

June 2007  |  Volume 4  |  Issue 6  |  e127



PLoS Medicine  |  www.plosmedicine.org 1000

childhood malaria mortality in Africa: A new 
assessment of progress toward targets based on 
verbal autopsy. Lancet Infect Dis: 349–358.

8. WHO/UNICEF (2005) World malaria report. 
Available: http:⁄⁄www.rbm.who.int/wmr2005/.

9. D`Alessandro U, Talisuna A, Boelaert M 
(2005) Should artemisinin-based combination 
treatment be used in the home-based 
management of malaria? Trop Med Int Health 
10: 1–2.

10. Duffy PE, Mutabingwa TK (2006) Artemisinin 
combination therapies. Lancet 367: 2037–2038.

11. Lengeler C (2004) Insecticide-treated bed nets 
and curtains for preventing malaria. Cochrane 
Database Systematic Reviews. Available: 
http:⁄⁄www.cochrane.org/reviews/en/
ab000363.html. 

12. Müller O, Traoré C, Kouyaté B, Yé Y, Frey 
C, et al. (2006) Effects of insecticide-treated 
bed net protection during early infancy in an 
African area of intense malaria transmission: 
randomized controlled trial. Bull World Health 
Organ 84: 120–126.

13. Bryce J, Terreri N, Victora CG, Mason E, 
Daelmans B, et al. (2006) Countdown to 2015: 
Tracking intervention coverage for child 
survival. Lancet 368: 1067–1076.

14. WHO (2000) WHO health system profi les 
database: Country Burkina Faso. Geneva: 
WHO. 

15. Müller O, Becher H, Baltussen A, Ye Y, Diallo 
D, et al. (2001) Effect of zinc supplementation 
on malaria and other causes of morbidity in 
West African children: Randomized double-
blind placebo-controlled trial. BMJ 322: 
1567–1572.

16. Traoré C (2003) Epidemiology of malaria in a 
holoendemic area of rural Burkina Faso [PhD 
thesis]. Heidelberg: University of Heidelberg.

17. Guiguemde TR, Aouba A Ouedraogo JB, 
Lamizana L (1994) Ten years surveillance of 
drug-resistant malaria in Burkina Faso (1982–
1991). Am J Trop Med Hyg 50: 699–704.

18. Sirima SB, Tiono AB, Konate A, Diarra A, 
Castelli F, et al. (2002). Effi cacy of artesunate 
plus chloroquine for the treatment of 
uncomplicated malaria in children in Burkina 
Faso: A double-blind, randomized, controlled 
trial. Trans R Soc Trop Med Hyg 97: 345–349.

19. Tinto H, Zoungrana EB, Coulibaly SO, 
Ouedraogo JB, Traore M, et al. (2002) 
Chloroquine and sulphadoxine-pyrimethamine 
effi cacy for uncomplicated malaria treatment 
and haematological recovery in children in 

Bobo-Dioulasso, Burkina Faso during a 3-year 
period 1998–2000. Trop Med Int Health 7: 
925–930.

20. Müller O, Traoré C, Kouyaté B (2004) Effi cacy 
of pyrimethamine-sulfadoxine in young 
children with falciparum malaria in rural 
Burkina Faso. Malaria J 3: 10.

21. Meissner PE, Mandi G, Witte S, Coulibaly 
B, Mansmann U, et al. (2005) Safety of the 
methylene blue plus chloroquine combination 
in the treatment of uncomplicated falciparum 
malaria in young children of Burkina Faso. 
Malaria J 4: 45.

22. Ministry of Health of Burkina Faso (2005) 
Application de la novelle politique de 
traitement du paludisme au Burkina Faso. No: 
0932

23. Ministry of Health of Burkina Faso (2006) 
Prescription des combinaisons thérapeutiques 
à base d’artémisinine pour le traitement du 
paludisme simple. No: 0618.

24. Sankoh OA, Ye Y, Sauerborn R, Müller O, 
Becher H (2001) Clustering of childhood 
mortality in rural Burkina Faso. Int J 
Epidemiology 30: 485–492.

25. Hammer GP, Somé F, Müller O, Kynast-Wolf 
G, Kouyaté B, et al. (2006) Pattern of cause-
specifi c childhood mortality in a malaria 
endemic area of Burkina Faso. Malaria J 5: 47.

26. Müller O, Traoré C, Kouyaté B (2003) Clinical 
effi cacy of chloroquine in young children with 
uncomplicated malaria—A community based 
study in rural Burkina Faso. Trop Med Int 
Health 8: 202–203.

27. Müller O, Traoré C, Kouyaté B, Becher H 
(2003) Malaria morbidity, treatment seeking 
behaviour, and mortality in a cohort of young 
children in rural Burkina Faso. Trop Med Int 
Health 8: 290–296.

28. Su T (2006) Household cost of illness study 
in the Nouna Health District, Burkina Faso 
[PhD dissertation]. Heidelberg: University of 
Heidelberg.

29. Okrah J, Traoré C, Palé A, Sommerfeld J, 
Müller O (2002) Community factors associated 
with malaria prevention by mosquito nets: An 
exploratory study in rural Burkina Faso. Trop 
Med Int Health 7: 240–248.

30. Frey C, Traoré C, De Allegri M, Kouyaté 
B, Müller O (2006) Compliance of young 
children with ITN protection in rural Burkina 
Faso. Malaria J 5: 69.

31. Haines A, Donald A (2005) Making better use 
of research fi ndings. BMJ 317: 72–75.

32. Shretta R, Omumbo J, Rapuoda B, Snow RW 
(2000) Using evidence to change antimalarial 
drug policy in Kenya. Trop Med Int Health 5: 
755–764.

33. Mubyazi GM, Gonzalez-Block MA (2005) 
Research infl uence on antimalarial drug 
policy change in Tanzania: Case study of 
replacing chloroquine with sulfadoxine-
pyrimethamine as the fi rst-line drug. Malaria 
J 4: 51.

34. Teklehaimanot A, Snow RW (2002) Will the 
Global Fund help roll back malaria in Africa? 
Lancet 360: 888–889.

35. Pagnoni F, Convelbo N, Tiendrebeogo J, 
Cousens S, Esposito F (1997) A community-
based programme to provide promt and 
adequate treatment of presumptive malaria 
in children. Trans R Soc Trop Med Hyg 91: 
512–517.

36. Müller O, Jahn A (2003) Expanding 
insecticide-treated mosquito net coverage 
in Africa: Tradeoffs between public and 
commercial strategies. Trop Med Int Health 8: 
853–856.

37. Sachs G (2005) Achieving the Millenium 
Development Goals—The case of malaria. N 
Engl J Med 352: 115–117.

38. Dorsey G, Njama D, Kamya MR, Cattamanchi 
A, Kyabayinze D, et al. (2002) Sulfadoxine/
pyrimethamine alone or with amodiaquine 
or artesunate for treatment of uncomplicated 
malaria: A longitudinal randomised trial. 
Lancet 360: 2031–2038.

39. Hwang J, Bitarakwate E, Pai M, Reingold A, 
Rosenthal PJ, et al. (2006) Chloroquine or 
amodiaquine combined with sulfadoxine-
pyrimethamine for uncomplicated malaria: 
A systematic review. Trop Med Int Health 11: 
789–799.

40. Zongo I, Dorsey G, Rouamba N, Dokomajilar 
C, Lankoande M, et al. (2005) Amodiaquine, 
sulfadoxine-pyrimethamine, and combination 
therapy for uncomplicated malaria: A 
randomized controlled trial from Burkina Faso. 
Am J Trop Med Hyg 73: 826–832.

41. Attaran A, Barnes KI, Curtis C, d’Alessandro 
U, Fanello CI, et al. (2004) WHO, the Global 
Fund, and medical malpractice in malaria 
treatment. Lancet 363: 237–240.

42. Attaran A, Barnes KI, Bate R, Binka F, 
d;Alessandro U, et al. (2006) The World Bank: 
False fi nancial and statistical accounts and 
medical malpractice in malaria treatment. 
Lancet 368: 247–252.

June 2007  |  Volume 4  |  Issue 6  |  e127


