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ABSTRACT. The history of drug resistance to the previous antimalarial drugs, and the potential for resistance to evolve
to Artemisinin-based combination therapies, demonstrates the necessity to set-up a good surveillance system in order to
provide early warning of the development of resistance. Here we report a review summarizing the history of the
surveillance of drug resistance that led to the policy change in Burkina Faso. The first Plasmodium falciparum
Chloroquine-Resistance strain identified in Burkina Faso was detected by an in vitro test carried out in Koudougou in
1983. Nevertheless, no further cases were reported until 1987, suggesting that resistant strains had been circulating at a
low prevalence before the beginning of the systematic surveillance system from 1984. We observed a marked increase
of Chloroquine-Resistance in 2002–2003 probably due to the length of follow-up as the follow-up duration was 7 or
14 days before 2002 and 28 days from 2002 onwards. Therefore, pre-2002 studies have probably under-estimated the
real prevalence of Chloroquine-Resistance by not detecting the late recrudescence. With a rate of 8.2% treatment failure
reported in 2003, Sulfadoxine-Pyrimethamine was still efficacious for the treatment of uncomplicated malaria in
Burkina Faso but this rate might rapidly increase as the result of its spreading from neighboring countries and due to its
current use for both the Intermittent Preventive Treatment in pregnant women and Seasonal Malaria Chemoprophylaxis.
The current strategy for the surveillance of the Artemisinin-based combination treatments resistance should build on
lessons learnt under the previous period of 20 years surveillance of Chloroquine and Sulfadoxine-Pyrimethamine
resistance (1994–2004). The most important aspect being to extend the number of sentinel sites so that data would be
less patchy and could help understanding the dynamic of the resistance.
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Introduction
Worldwide use of Artemisinin-based combination therapies (ACT) combined with vector
control measures has led to significant decreases in
malaria transmission and thus subsequent malariarelated morbidity and mortality in many endemic
countries [1]. However, this enthusiasm could be
hampered by several reports indicating a decrease of
Plasmodium falciparum susceptibility to the
artemisinin derivatives along the Thailand and
Myanmar border [2–6]. More worrying, it has been
recently reported a decline of parasitological

response rate to treatment with ACTs in Africa
patients, possibly due to the emergence of parasites
with reduced drug sensitivity [7,8]. From these
recent findings, we can predict that artemisininresistant malaria found on the border of Thailand
and Myanmar could now spread to India and then
Africa, repeating the same pattern of resistance
similar to what other antimalarial drugs such as
chloroquine has done before [9]. Indeed, almost all
resistance emerged from either Southeast Asia or
South America [10].
So far, malaria control efforts have been
hampered mainly by drug resistance. The resistance
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of Plasmodium falciparum to the two most popular
and conventionally used antimalarial drugs namely
Chloroquine (CQ) and Sulfadoxine-Pyrimethamine
(SP) has led to the change of treatment policy in
many endemic countries [10]. As a result,
artemisinin-based combination therapies (ACT)
have been widely adopted as first-line antimalarial
treatments in Africa in the mid-2000s [10]. In
Burkina Faso, a new malaria treatment policy was
adopted in 2005: for uncomplicated falciparum
malaria, artesunate-amodiaquine (ASAQ) or
alternatively artemether-lumefantrine (AL) are
recommended as first line treatments, whereas
quinine is recommended for severe malaria [11].
This change followed a report demonstrating a high
chloroquine resistance rate reaching the critical
level of >25% over four consecutive years [12].
This history of drug resistance to the previous
antimalarial drugs, and the potential for resistance to
evolve to ACTs, demonstrate that up-to-date
information on efficacy of antimalarial drugs is
crucial to provide early warning of the development
of resistance [13]. Here we report a review
summarizing the history of the surveillance of drug
resistance that led to the policy change in Burkina
Faso. The lessons learnt could be useful to guide the
current strategy for the surveillance of ACTs
efficacy in Burkina Faso.

H. Tinto et al.
Study area
Burkina Faso is a landlocked country located in
the heart of West Africa (Fig. 1). It covers 274,000
kilometers square (km2) and stretches from north to
south on 650 km and from East to West on 850 km.
There are two main seasons (rainy and dry): the
rainy season occurs from June to November
(average rainfall: 700 mm/year; mean temperature
>30°C) and it is followed by a cold dry season from
December to February (minimum temperature
15°C) and a hot dry season from March to May
(maximum temperature 45°C) [14]. According to
the last national census carried out in 2010 the
population was estimated at 15,730,977 inhabitants
with a population growth rate estimated at 3.06%
[15]. Like many developing countries, the economy
is manly based on agriculture and farming [16]. The
epidemiological profile of diseases remains
dominated by communicable infectious diseases.
Maternal mortality rate is 300 deaths/100,000 live
births (2010) and infant mortality rate is 78.3
deaths/1,000 live births. Malaria represents the main
public health problem and remains stable over the
whole country, with the main transmission season
occurring between June and December. The disease
represents a significant burden on the population of
Burkina Faso, but especially in pregnant women and

Fig. 1. Map of Burkina Faso highlighting the three main epidemiological settings
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children. It is the first cause of consultation
(35.12%), hospitalization (40.83%) and death
(37.5%) (Ministry of Health [MoH]). Over the last
few years, efforts were made to reduce the burden of
malaria by providing artemisinin-based combinations treatments (ACTs) and the distribution of
long-lasting insecticidal nets (LLINs). Nevertheless
in 2010, Burkina Faso health facilities recorded
5,316,411 malaria cases, including 362,919 cases of
severe malaria and 7436 deaths [15].

unpublished) available at the National Malaria
Control Program (NMCP) level and research
institutes were reviewed. A complementary
electronic search was done on MEDLINE/PubMed.
The key words used for the search were as follow:
malaria, Plasmodium falciparum, epidemiology,
Chloroquine, Sulfadoxine-Pyrimethamine, drug
resistance, in vivo test, in vitro test, Burkina Faso.

Literature search strategy

From the results of the search, the history of the
drug resistance surveillance in Burkina Faso can be
divided into three different periods: from 1982 to
1987 the surveillance was carried out by the former
West Africa Malaria Resistance Reference Centre
(WAMRRC) based at Centre Muraz in Bobo
Dioulasso, Burkina Faso [17,18] and was
exclusively based on active surveys. The WHO

Results

A literature search was conducted to identify
documents reporting data and information on
malaria drug resistance surveillance in Burkina
Faso. Our search focused on the period from
1982–2004 and the drugs concerned were CQ and
SP. All documents and reports (published and

Table 1. Results of the 7-day in vivo test with varying CQ dosage by village and year (period 1982–1987)
Year
1982

Site (village)
Bobo-Dioulasso (Nasso, Leguema)

Dose (mg/kg)

Day 0

Day 3

Day 7

5

82

0

0

10

92

2 (2.2)

1(1)

174

2 (1.1)

1 (0.5)

5

30

0

0

10

56

1(1,7)

1(1,7)

15

20

0

0

20

24

0

0

25

19

0

0

149

1 (0.7)

1 (0.7)

5

30

0

0

10

36

0

0

25

63

0

0

129

0

0

5

26

1 (3.8)

1 (3.8)

10

22

2

0

48

3 (6.2)

1 (2.1)

5

42

5 (11.9)

2 (4.8)

38

6 (15.8)

2 (5.2)

2(5.2)

80

11 (13.7)

4 (5)

Subtotal

1983

Koudougou

Subtotal
1984

Bobo-Dioulasso (Nasso)

Subtotal
1985

Bobo-Dioulasso (Leguema)

Subtotal
1986

Bobo-Dioulasso (Vallée du Kou)

No. of parasites-positive patients n (%)

Subtotal
Bobo-Dioulasso (Leguema)

5

35

0

0

Ouagadougou (Koubri)

25

59

5 (8.5)

0

Subtotal

94

5 (5.3)

0

Total

674

22 (3.3)

7 (1)

1987
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Table 2. Results of 7-day in vivo test with 25 mg/kg of CQ by year (period 1988–1991)
1988

1989

1990

1991

Total

3,109

4,396

6,763

3,242

17,510

No. enrolled at day 0

315

1,659

950

913

3,837

No. examined at day 7

236

1,363

512

894

3,005

No. of resistant cases

23

71

81

49

224

% resistance

9.7

5.2

15.8

5.5

7.5

No. of patients screened

standard seven-day test was used for CQ given at
variable dosage of 5 mg/kg stat, 15 mg/kg over two
days [19] or 25 mg/kg over a three-day period [20].
The second period of the surveillance occurred from
1988 to 1991 and has led to the discovery of the first
case of P. falciparum chloroquine-resistance (CQR) at the standard dose of 25 mg/kg over three days.
Finally, the last period of surveillance occurred
from 1992 to 2004, just prior to the policy change.
Surveillance from 1982 to 1987. Table 1
summarizes the results of the in vivo tests carried
out by the WAMRRC through active surveys in five
sites and using different doses of CQ. Although
some cases remained positive at day 7 with low
doses of CQ (5, 10, 15 and 20 mg/kg), when the
standard dose of 25 mg/kg over three days was
administered, no cases of resistance were observed.
Surveillance from 1988 to 1991. Results of CQ
in vivo tests (at 25 mg/kg over three days)
conducted from 1988 to 1991 are summarized in
Table 2. No further tests at lower doses were carried
out. The first two cases of in vivo CQ-R at the
standard dose of 25 mg/kg were detected in
September 1988 in a series of 60 tests in a village
near Ouagadougou [21]. The resistance appeared in
five of the seven study sites. Since 1990, cases of
resistance have been observed in all study sites [22].
CQ-R increased until about 16% in 1990 while the
following year it was estimated at 5.5%. Higher
resistance was observed in the site along the main
railway linking the capital cities of Burkina Faso
and Ivory Coast (Banfora, Bobo-Dioulasso,
Koudougou and Ouagadougou). SP was also tested
in 1990 in Bobo Dioulasso, when it was decided to
use it as second-line treatment. Among 37 patients
tested, two failed to clear their parasites.
Surveillance from 1992 to 2004. The high rate
of CQ-R reported in 1990 was later confirmed in
vitro [23,24]. In 1992, Del Nero et al., reported 24%
of in vivo CQ-R in the center of the country [24],
and it remained stable and varying between 15 and
25% until 2001 [14,25] (Table 3). However, from

2002 high CQ-R, reaching a rate of 40%, was
reported over three consecutive years (2002 to
2004) in Nanoro, a sentinel site located in the center
of the country [12].
After the two cases of SP resistance reported in
1990 and 1991, a third case was reported in 1997.
Since that period, SP resistance was regularly
reported every year until 2004, though the rate was
relatively low at less than 10% [26].

Discussion
The first P. falciparum CQ-R strain identified in
Burkina Faso was detected by an in vitro test carried
out in Koudougou in 1983 [18]. This could be
explained by the geographical situation of the latter
which is located in the main route of
communication between Ivory Coast and Burkina
Faso. Indeed, CQ-R was first recorded in West
Africa in coastal countries and then it followed the
main routes of communication from Abidjan to
Bouaké in Ivory Coast, Bobo Dioulasso and
Ouagadougou in Burkina Faso and Bamako in Mali
[27,28]. This led Charmot to suggest that travelers
were responsible of the spread of resistant
gametocytes (unpublished data). Nevertheless after
this first case of resistance detected in 1983, no
further cases were reported until 1987, suggesting
that resistant strains had been circulating at a low
prevalence before the beginning of the systematic
surveillance system established from 1984 by the
Ministry of Health [28]. The results presented here,
suggest that P. falciparum was sensitive to CQ from
1982 to 1987. The few reported failures had been
treated with low doses of CQ and responded
successfully to the 25 mg/kg.
The marked increase of CQ-R reported in 20022003 as compared to previous years could be
explained by the length of follow-up. Indeed, the
follow-up duration was 7 or 14 days before 2002
and 28 days from 2002 onwards. Therefore, pre2002 studies have probably under-estimated the real

Bobo-Dioulasso

Bobo-Dioulasso

Koudougou

1997

1998

20*
58.5*
26.8
–
63.3*
–

14
14
14
28
28
14
14
28
28
28
28

South-west
South-west
South-west
Sahelian area
Central area
South–west
South–west
Sahelian area
Central area
South-west
Sahelian area

Bobo-Dioulasso

Gaoua

Dori

Nanoro

Bobo-Dioulasso

Gaoua

Dori

Nanoro

Bobo-Dioulasso

Gaoua

–

28
28
28

Central area
South-west

Gourcy

Koupéla

–

–

–

28

Central area
Sahelian area

Dori

Nanoro

–

42.8

18.7

–

–

–

–

–

–

–

–

–

–

–

–

–

–

33.3*

18.7*

8.3

19
–

35.1*
–

23.5*

2.7*

21.8*

–

8.1*

11.5*

8.2**

–

–

–

–

–

–

8.3
13.4*

–

21.7

6.3

7.8

28.8
5.3

5.7

1.7

–

0

2.6

28.5

15.2

18.4

21.7

22.2

0

–

17

–

–

Not found

–

–-

–-

SP

–

Not found

–

–

–

CQ

Clinical failure %

–

–

–

–

6.3

–

–

–

–

–

–

1.5

–

–

Not found

3.2

0

0

SP

*PCR uncorrected data ; ** PCR corrected data; ***unpublished data come mainly from students thesis or reports

2004

2003

2002

27.3

5.3

–

Gaoua

2001

South-west
14

Bobo-Dioulasso

2000

Bobo-Dioulasso
South-west

22.4

14

Bobo-Dioulasso

43.3

14

–

–

14

–

20

14

14

19

20

In vitro test

14

South-west

South-west

South-west

Not found

South-west

Banfora

Central area

Bobo-Dioulasso

1996

1999

South-west

Bobo-Dioulasso

1995

In vitro test

Not found

Not found

Not found

1994
South-west

14

South-west

Bobo-Dioulasso

-

32

14

South-west

24.4

14

Bobo-Dioulasso

CQ

Parasitological failure %

Duration of followup

Central area

Epidemiological
facies

Ouagadougou

Site

1993

1992

Year of study

Table 3. Results of in vitro and in vivo tests in Burkina Faso from 1992 to 2004

Ouedraogo et al., 2001***

Ouedraogo et al., 2001***

Ouedraogo et al., 2001***

Ouedraogo et al., 2001***

Sanou et al., 2003***

Sanou et al., 2003***

Sanou et al., 2003***

Tinto et al., 1999***

Sanou et al., 2003***

Ouedraogo et al.,997***

Ouedraogo et al., 1998

Ouedraogo et al., 1998

–

Aouba et al., 1992***

Coulibaly et al., 1996

Del Nero et al. 1994

Source
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prevalence of CQ-R by not detecting the late
recrudescence [29]. The data collected in
2002–2003 are probably more representative of the
true prevalence of resistance, both for CQ and SP.
Indeed, an analysis achieved in 2003 showed
significant differences between failures detected
within the 14-day and 28-day follow-up [26].
However, with a rate of 8.2% (PCR corrected)
treatment failure reported in 2003, SP was still
efficacious for the treatment of uncomplicated
malaria in Burkina Faso compared to the results
reported from other African countries [30–32],
while CQ-R has reached the critical level for
change. Nevertheless, SP resistance might rapidly
increase in the next few years as the result of its
spreading from neighboring countries [33,34] and
of high drug pressure, due to its current use for both
the Intermittent Preventive Treatment in pregnant
women (IPTp) and Seasonal Malaria Chemoprophylaxis (SMC) [35,36].
Sixteen potential sentinel sites representing the
whole country have been identified by the NMCP
for the surveillance of antimalarial drugs resistance.
However, due to lack of resources only 3 are really
active. The activation of the other 13 sites would
have improved the applicability of the data
collected.

Conclusions
We reviewed in this paper, the history of malaria
drug resistance surveillance from the period of the
establishment of the systematic surveillance system
until the policy change in 2005. We observed a
heterogeneous distribution of the resistance with the
highest prevalence found in the center of the
country. The current strategy for the surveillance of
the ACT resistance should build on lessons learnt
and positive accomplishments achieved under the
previous period of 20 years surveillance of CQ and
SP resistance (1994–2004). The most important
aspect being to extend the number of sentinel sites
so that data would be less patchy and could help
understanding the dynamic of the resistance.
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