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Is there evidence of anti‑malarial multidrug
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Abstract
Recently, Gansané and colleagues published an article on inadequate efficacy of two different forms of artemisininbased combination therapy (ACT) in Burkina Faso. The development of Plasmodium falciparum resistance to different
ACT partner drugs at levels that could affect the efficacy of two ACT would both be startling and a cause for great
concern. In reviewing the available data collected since 2008 on ACT efficacy in Burkina Faso, the analysis shows that
the reported efficacy of the tested ACT varies greatly. Most of the studies have considerable methodological deviations and challenges, especially in PCR correction done to distinguish between recrudescence and re-infection, and
in the failure to omit re-infections in the calculation of efficacy rates. So far, there is no convincing evidence in the articles reviewed that multidrug resistance has emerged in Burkina Faso. However, the potential consequence of failing
ACT means that the results published by Gansané et al. urgently need to be confirmed. Furthermore, articles reporting on efficacy data need to include an examination of the potential consequences of any methodological deviations.
Keywords: Malaria drug resistance, Anti-malarial efficacy, Therapeutic efficacy studies, Anti-malarial treatment
failures
Background
Anti-malarial drug resistance is a major challenge for
malaria control and elimination. Monitoring drug efficacy is important to detect resistance and adapt national
treatment policy. The World Health Organization
(WHO) has developed a standard protocol for therapeutic efficacy studies (TES) to facilitate the collection
of comparable, high quality data. It is recommended to
change the treatment policy if good quality studies detect
an efficacy below 90 % for the first-line treatment [1].
The WHO recommends artemisinin-based combination therapy (ACT) for the treatment of uncomplicated
Plasmodium falciparum. In the Greater Mekong Subregion, artemisinin partial resistance helped facilitate the
selection and spread of resistance of ACT partner drugs,
the major factor of ACT failures [1]. Artemisinin partial
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resistance has recently been confirmed in Rwanda with
the independent emergence and spread of a Pfkelch13
R561H mutant. While this appears to have affected
the clearance rate, so far it did not affect the efficacy of
artemether-lumefantrine (AL) or dihydroartemisininpiperaquine (DP) [2]. Assessing the efficacy of partner
drugs is as important as investigating emergence and
spread of artemisinin partial resistance.
Recently, Gansané et al. published an article on inadequate efficacy of AL and DP in Burkina Faso [3]. Finding simultaneous high failure rates of two ACT whose
partner drugs belong to different chemical families in at
least two sites is noteworthy (74.4–91.6 % for AL on day
28 and 83.6–97.2 % for DP on day 42 using Kaplan-Meier
analysis). If confirmed, the presence of resistance to both
lumefantrine and piperaquine at a prevalence that could
cause such high failure rates is alarming.
To assess evidence of ACT efficacy in Burkina Faso,
published results and methodologies for TES conducted
since 2008 were analysed. This information was extracted
from the WHO anti-malarial drug efficacy database
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publicly available through the WHO malaria threat maps
(https://apps.who.int/malaria/maps/threats).

Current evidence of ACT efficacy in Burkina Faso
In addition to data presented by Gansané et al. [3], 15
published articles with efficacy data for five recommended artemisinin-based combinations used alone or
in combination with methylene blue or primaquine were
identified and reviewed [4–18]. An overview of the data
presented in the 15 articles can be found in Table 1. The
Table lists the deviations from the standard WHO TES
protocol and an assessment of the potential impact that
these deviations may have had on the proportion of the
study patients recorded to have an adequate clinical and
parasitological response (ACPR) to treatment. Where
possible, the data are presented in the Table by sites
rather than combined across sites. For one multi-country
study, the reported data does not allow for an analysis of
the efficacy data collected in Burkina Faso only [17]. For
another multi-country study, the efficacy data are only
available as a combined reported efficacy estimate across
sites in different countries and drugs [18].
Overall, the most frequent study deviations observed
were the classification of re-infection as ACPR instead
of excluding them from the analysis; this could lead to a
significant overestimation of the efficacy in studies with
high number of re-infections. All the other deviations
identified could lead to an underestimation of the efficacy. These include using a PCR correction methodology different to the one currently recommended by the
WHO, which requires the use of three markers: msp1,
msp2 and glurp. Using fewer markers could lead to a
lower estimated efficacy as a recrudescence requires that
at least one allele on every locus is common in the parasites on day 0 and the day of failure.
The recommended first-line treatments for uncomplicated P. falciparum in Burkina Faso are artesunateamodiaquine (ASAQ), AL or DP. In the articles reviewed,
the reported efficacy for ASAQ alone or in combination
with primaquine or methylene blue ranges from 63.0 to
98.1 %. One of the studies finding lower than 90 % efficacy
for ASAQ is a randomized trial in Nouna in 2011. This
study assessed ASAQ alone or with methylene blue and
reported efficacies of 85.1 and 71.4 %, respectively [4].
The endpoints in the study were analysed using an intentto-treat methodology classifying patients vomiting,
refusing a second dose, or violating the protocol as early
treatment failure. A similar study conducted at the same
site in 2016 with ASAQ with primaquine or methylene
blue did not find the same high early or late treatment
failure rate, reporting a failure rate of less than 5.0 % [5].
The reported efficacy for AL ranges from 66.7 to 100 %.
Two studies finding less than 90 % efficacy for both
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ASAQ and AL were done in Nanoro health district in
2008–2010 and 2010–2012. The studies reported failure
rates on day 28 of 10.2–22.2 % for AL and 10.3–15.9 %
for ASAQ. These trials were effectiveness trials for which
treatment is unsupervised (meaning only the first of 6
doses of AL and the first of 3 doses of ASAQ were supervised by health staff, contrarily to efficacy trials for which
all doses are supervised) [10, 11]. Therefore, higher treatment failure rates were expected.
A study performed in Bobo-Dioulasso in 2016 also
compared ASAQ and AL, finding high failure rates in the
AL arm but not in the ASAQ arm [9]. As no PCR correction was undertaken it is likely that some reported failures were due to re-infection. The difference of efficacy
between ASAQ and AL could be due to the shorter elimination half-life of lumefantrine leading to more re-infections in areas of high transmission.
One of two studies done in Comoé Province found less
than 90 % efficacy for AL. The studies were done before
and after a large community-based distribution of AL,
and showed a statistically non-significant decrease of AL
efficacy after the distribution in 2012 (86.7 %, n = 105)
compared to before in 2009 (90.5 %, n = 105). The studies
in Comoé used only msp2 in the PCR correction [6, 7].
In addition to the AL and ASAQ studies described
above finding low efficacy, a number of studies found
higher than 90 % efficacy; however, also in those studies
deviations mean that the data need to be interpreted with
caution. None of the previous studies with DP or any
of the studies with artesunate-mefloquine (ASMQ) or
artesunate-pyronaridine (ASPY) found an efficacy lower
than 90 %.
The recent article published by Gansané et al. [3]
reports on studies done in 2017–2018 in three sites
(Niangoloko, Nanoro, Gourcy), finding PCR-corrected
treatment efficacy of 74.4–91.6 % for AL on day 28, and
83.6–97.2 % for DP on day 42 using Kaplan-Meier analysis. Some aspects of the studies and results are worth
noting. Pfplasmepsin2 is a validated marker of piperaquine resistance in the Greater Mekong sub-region,
but no correlation was reported between DP failure and
Pfplasmepsin2 in the study. The study did not include
day 7 lumefantrine blood levels, which in the absence
of a validated marker for lumefantrine resistance would
be useful to help confirm resistance as cause of AL failures. A 12 % discordance between positive and negative
results reported during quality control of the microscopy conducted at the Noguchi Memorial Institute for
Medical Research in Ghana is concerning. No further
indications were provided in the article on the quality of
staining, such as the presence of debris on slides or stain
used, which could further increase the percentage of discordance on parasite counting. The WHO recommends
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Table 1 Deviation to WHO protocol and impact on treatment outcome
Study setting (Ref) Study design
(follow-up)

Study pop. (n)

ACT

Reported % ACPR

Deviation from
WHO protocol

Impact on ACPR

Nouna health centre RCT (28 days)
Aug–Oct 2011 [4]

6–59 months (193)

ASAQ vs ASAQ +
MB

85.1 vs 71.4

mITT analysis, ETF
misclassification

Decrease

PCR correction with Decrease
msp1 and msp2

Nouna hospital. Oct- RCT (28 days)
Nov 2016 [5]

6–59 months (100)

ASAQ + PQ vs
ASAQ + MB

95.9 vs 95.7

Re-infection classified as ACPR

Increase

ITT analysis

Decrease

PCR correction with Decrease
msp1 and msp2
Re-infection classified as ACPR

Tiéfora and ManSingle arm (28 days) 6–59 months (105)
godara health
centres, Comoé
Province. Sep–Dec
2009 [6]

AL

Tiéfora and ManSingle arm (28 days) 6–59 months (105)
godara health
centres, Comoé
Province. Sep–Dec
2012 [7]

AL

Ouagadougou
and Nanoro.
2012–2014 [8]

AL

Multicentre, multi> 28 days and <5
county, single arm
kg (20)
(28 and 42 days)

90.5

PCR correction with Decrease
msp2 only
Re-infection classified as ACPR

86.7

Increase

Increase

PCR correction with Decrease
msp2 only
Re-infection classified as ACPR

Increase

100 day 28-100
day 42a

Re-infection classified as ACPR

Increase

No PCR correction

Decrease

Colsama and Sakary RCT (28 days)
health centres,
Bobo-Dioulasso
Jun–Dec 2016 [9]

> 6 months (281)

AL vs ASAQ

85.2 vs 97.0

Nanoro health district Sep 2008-Jan
2010 [10]

6–59 months (340)

AL vs ASAQ

89.8 vs 89.7 - day 28 PCR correction with Decrease
66.7 vs 63.0 day 42
msp1 and msp2

RCT (28 and 42
days)

Nanoro health disRCT (28 days)
trict Sep 2010-Oct
2012 [11–13]

Dafra medical
centre, BoboDioulasso Dec
2008-Dec 2010
[14]

RCT (42 days)

> 6 months (680)

AL vs ASAQ

77.8 vs 84.1

6 months–15 years
(440)

AL vs ASAQ

Nanoro health disMulticentre, multitrict Jun 2010-Aug
county, RCT (63
2013 [15]
days)

Pregnant women
(802)

AL vs ASAQ vs
ASMQ

93.2 vs 96.7 vs 92.5

Balinghi. Oct 2010–
Oct 2013 [6]

6–59 months (245)

AL vs ASMQ

95.9 vs 97.6

Multicentre, multicounty, RCT (63
days)

91.1 vs 98.1

Re-infection classified as ACPR

Increase

Unsupervised treatment

Decease

PCR correction with Decrease
msp1 and msp2
Re-infection classified as ACPR

Increase

Unsupervised treatment

Decease

Longer follow-up

Decrease

Re-infection classified as ACPR

Increase

Longer follow-up

Decrease

Re-infection classified as ACPR

Increase

Danger sign classified ETF at day 1

Decrease

Longer follow-up

Decrease

Re-infection classified as ACPR

Increase
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Table 1 (continued)
Study setting (Ref) Study design
(follow-up)

Study pop. (n)

ACT

Reported % ACPR

Deviation from
WHO protocol

Impact on ACPR

Banfora Oct 2010–
Oct 2013 [16]

6–59 months (115)

AL vs ASMQ

94.9 vs 91.2

Danger sign classified ETF at day 1

Decrease

Longer follow-up

Decrease

Re-infection classified as ACPR

Increase
Increase

Multicentre, multicounty, RCT (63
days)

Ouagadougou and Multicentre, multiNanoro Nov 2013county, RCT (42
Jun 2015 [17]
days)

6–12 months (90)

DP different formulation

98:3 vs 100b

Re-infection classified as ACPR

Bobo Dioulasso and Multicentre, multiBanfora-Niancounty, RCT (28
goloko Oct 2011–
and 42 days)
Feb 2016 [18]

> 6 months (1507)

AL vs ASAQ vs ASPY
vs DP

> 99.5 day 28
98.6 day 42c

Re-infection classi- Increase
fied ACPR if failure
recorded on last
day of follow-up

RCTrandomized controlled trial, ACT artemisinin-based combination therapy, AL artemether-lumefantrine, ASAQ artesunate-amodiaquine, ASPY artesunatepyronaridine, ASMQ artesunate-mefloquine, DP dihydroartemisinin-piperaquine, ACPR adequate clinical and parasitological response, mITT modified intent-to-treat,
ITT intent-to-treat, ETF early treatment failure, PCR polymerase chain reaction, msp merozoite surface protein, P. Plasmodium
a

Data from all sites in Burkina Faso and Benin

b

Data from all sites in Burkina Faso, The Gambia, Democratic Republic of Congo, Mozambique, Tanzania

c

Data from all sites in Burkina Faso, Guinea and Mali and for all ACT

that if more than 10 % of a sub-sample has non-concordant outcomes, all study results should be reviewed [19].
DNA detected by PCR on day of failure is not enough
to confirm the presence of asexual parasites, as DNA is
detectable in blood for a long period of time [20]. Presence of gametocytes can lead to misclassification of a
failure as recrudescence. Consequently, gametocytaemia
must be detected in case of a high treatment failure rate
through more extensive reading of slides taken at day
of failure against 1,000 white blood cells (WBC) or 100
high-power fields [21, 22]. The absence of amplification
of glurp reported in the article at such high level is very
rarely observed in other studies (47.6 % amplified). The
data presented in the article do not differentiate between
glurp amplification failed and not attempted; actually,
glurp amplifications were not attempted for 168 paired
samples (Institute Pasteur Paris, pers. comm.). Therefore,
the calculated glurp amplification success rate should be
closer to 92.3 % for 118 paired samples tested, and less
than 35 % of the failures were corrected with the 3 recommended markers. Failure to amplify the 3 markers
particularly at day of failure should also trigger quality
control of microscopy and confirmation of presence of
parasites.

amodiaquine, lumefantrine and piperaquine resistance.
The most recent results published by Gansamé et al.
[3] urgently need to be confirmed by studies with the
recommended monitoring and quality control of slide
reading.
The WHO recently released a report highlighting
major challenges detected during TES, which can have
implications for study outcomes [1]. Quality and quality control of slide reading remain a main challenge in
many studies. Using a standard protocol does improve
comparability over time and among sites. Conducting
quality control monitoring before starting the study, at
mid-term and at the end of the study does improve the
quality of data. PCR correction of treatment failure to
distinguish between re-infection from recrudescence is
mandatory during efficacy studies. Effectiveness studies are closer to ‘real-life’ situations but are not relevant
to assess ACT efficacy or anti-malarial drug resistance.
Reports on efficacy studies with unexpectedly high
treatment failure rates need to include an examination
and explanation of the type of failures recorded, in particular the criteria on which early treatment failures
were classified. Impact of any potential deviation to
standard methodologies should be examined.

Need for further studies
The analysis showed inconsistent failure rates with AL
and ASAQ and that almost all studies in Burkina Faso
had methodological deviations. So far, there is no convincing evidence in the articles reviewed that multidrug
resistance has emerged in Burkina Faso, in particular
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