
Introduction 

Malaria during pregnancy remains a major
public health challenge in sub-Saharan Africa, with
adverse consequences for both the pregnant woman
and the developing foetus [1,2]. The World Health
Organization (WHO) has recommended since 2004,
the administration of intermittent preventive
treatment with sulfadoxine-pyrimethamine during
pregnancy (IPTp-SP) as one of the most relevant
strategies to reduce the burden of malaria and
improve pregnancy outcomes [3]. This has

prompted adoption of IPTp-SP policies in many
African countries such as Burkina Faso. Current
policy dictates that SP should be provided to
mothers at each scheduled focused antenatal care
(ANC) visit in the second and third trimesters [4],
and IPTp-SP has shown considerable benefits to the
mother and the foetus in the field settings [5,6].
However, there is increasing concern that this
strategy is losing effectiveness in areas of existing
high grade SP resistance [7,8]. Resistance to SP has
been linked to point mutations at codons 51, 59, 108
and 164 in Plasmodium falciparum dihydrofolate
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ABSTRACT. Whether maternal peripheral parasites constitute a representative sample of the overall population
infecting the individual, remains unknown in Burkina Faso. We therefore compared Pfdhfr and Pfdhps genotypes
between matched peripheral and placental isolates. PCR-restriction fragment length polymorphism (PCR-RFLP)
analysis of polymorphic codons of the Pfdhfr gene (51, 59, 108 and 164) and the Pfdhps gene (437 and 540) was
performed in 18 matched peripheral and placental dried blood spots of delivered women in Bobo-Dioulasso. Both Pfdhfr

and Pfdhps genes were successfully genotyped in 94.4% (17/18) of the matched samples. Only 8.8% (3/34) of genotypes
were of the wild type, while 20.6% (7/34), 20.6% (7/34), 23.5% (8/34) and 26.5% (9/34) comprised one, two, three and
four mutations, respectively. None of the samples carried both Pfdhfr I164L and Pfdhps K540E mutations. A
concordance of 82.4% was observed in matched samples for both the Pfdhfr and Pfdhps genes. Setting placental alleles
as the reference, a concordance of 100% was obtained with Pfdhfr mutation S108N, Pfdhfr mutation C59R+S108N, and
Pfdhfr mutation N51I+C59R +S108N, respectively. Likewise, a concordance of 85.7% was observed with the Pfdhps

mutation A437G. For epidemiological purposes, peripheral blood Pfdhfr and Pfdhps genotyping is sufficient for
monitoring SP resistant molecular markers in pregnant women.
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reductase (Pfdhfr) gene [9,10] and at codons 437
and 540 in P. falciparum dihydropteroate synthase

(Pfdhps) gene [11]. 
P. falciparum sequesters in the placental

intervillous space and complicates investigation of
the molecular characteristics of P. falciparum such
as drug resistance profiles and parasites
polymorphism [12]. Discordance between placental
and peripheral polymorphic merozoite surface
protein (MSP) genotypes has been previously
reported with a rate ranging from 32% to 69.4%
[12–14]. However, whether and to what extent
Pfdhfr and Pfdhps genotypes discordance in
pregnant women affects the value of SP resistance
genotyping has been poorly investigated in the
World [15–17].

In Burkina Faso, P. falciparum resistance to SP
in pregnancy has been poorly reported since the
introduction of IPTp-SP policy in 2005 [18,19] and
those studies were based on analysis of the sole
peripheral blood stages. Yet, whether maternal
peripheral parasites constitute a representative
sample of the overall population infecting the
individual, remains unknown. The present study
sought to fill this knowledge gap by comparing
Pfdhfr and Pfdhps genotypes between matched
peripheral and placental isolates of post-partum
women in Bobo-Dioulasso, Burkina Faso.

Materials and Methods 

Study design and sample collection. Paired
peripheral and placental dried blood spots were
collected from 320 post-partum women during a
cross sectional study carried out from September to

December 2010 in two primary health care facilities
in Bobo-Dioulasso [20]. The study area has been
already described elsewhere [21]. Briefly,
delivering women who provided signed informed
consent were tested for both P. falciparum

peripheral and placental blood infection using
microscopic examination of Giemsa-stained thick
and thin blood smears. Overall, 26 paired peripheral
and placental dried blood spots (DBS) were
collected from P. falciparum-infected women
during our previous study [20]. For the current
study purpose, only 18 available paired DSB were
used for molecular analysis of SP resistance.

Ethical aspects and informed consent. The
study protocol was approved by the National Ethics
Committee for Health Research of Burkina Faso,
(No 2010-054). Participants were only included
after obtaining their written informed consent.

Analysis of Pfdhfr and Pfdhps genes. P.

falciparum DNA was extracted from dried blood
spots using QIAamp DNA Mini Kit (QIAgen, USA)
according to the manufacturer’s recommendations.
SP resistance-mediating single nucleotide
polymorphisms were analyzed in both Pfdhfr and
Pfdhps genes using polymerase chain reaction
followed by restriction enzyme digestion as
previously described [22]. Polymorphisms
investigated were as follows: N51I, C59R, S108N
and I164L for Pfdhfr gene and A437G and K540E
for Pfdhps gene. Nested PCR products were
resolved by 2.5% gel electrophoresis and results
classified as wild type, pure mutant and mixed
infection (presence of both wild type and pure
mutant in the same sample) on the basis of
migration pattern.
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Table 1. Distribution of Pfdhfr and Pfdhps genotypes in the isolates (n = 34)

+ Mutant; - Wild-type

Mutated codons Number of
positive isolates

(%)N51I C59R S108N I164L A473G K540E

+ + + – + – 9 (26.5)

+ + + – – – 1 (2.9)

+ – + – + – 1 (2.9)

– + + – + – 6 (17.6)

+ – – – + – 2 (5.9)

– + + – – – 2 (5.9)

– – + – + – 3 (8.8)

+ – – – – – 1 (2.9)

– – – – + – 6 (17.6)

– – – – – – 3 (8.8)



Statistical analysis. Data were entered and
cleaned using Excel 2013 then transferred into Stata
12 software and analyzed. In this analysis, mixed
genotypes (wild or mutant) were considered as
mutants, and the prevalence of each type of allele

(wild or mutant) were calculated.

Results

Prevalence of Pfdhfr and Pfdhps mutations in

all isolates. A total of 36 samples (18 pairs of
matched peripheral and placental blood samples)
were genotyped. Both Pfdhfr and Pfdhps genes
were successfully genotyped in 94.4% (17/18)
peripheral and placental matched samples. Pfdhfr

and Pfdhps mutations were frequent. Indeed, only
8.8% (3/34) of genotypes were of the wild type,
while 20.6% (7/34), 20.6% (7/34), 23.5% (8/34) and
26.5% (9/34) comprised one, two, three and four
mutations, respectively (Table 1).

None of the samples carried both Pfdhfr I164L
and Pfdhps K540E mutations.

Genotypes comparison between the matched

peripheral and placental isolates. Comparing the
17 peripheral genotypes to those of placental,
complete concordance was observed in 82.4%
(14/17) of the matched samples for both Pfdhfr and
Pfdhps genes. Setting placental alleles as the
reference, peripheral genotyping was able to
correctly identify 80% of isolates with Pfdhfr wild
type (4/4), and 100% of isolates with Pfdhfr

mutation S108N (1/1), Pfdhfr double mutation
C59R+S108N (4/4), and Pfdhfr triple mutation
N51I+C59R+S108N (5/5), respectively (Table 2).
Likewise, concordances of 66.7% (2/3) and 85.7%
(12/14) were observed with Pfdhps wild type and
Pfdhps mutation A437G, respectively (Table 3). 

Discussion 

The prevalence of quadruple mutation (triple
Pfdhfr mutation (N51I+C59R+S108N) + Pfdhps

mutation A437G) reported in our study (26.5%)
although high was lower than those published in
Gabon (53%) [16] and in Benin (70%) [23]. Such
variation may be due to differences in drug pressure
[16,19]. Furthermore, the absence of the Pfdhfr

I164L and the Pfdhps K540E mutations in our study
is consistent with previous findings reported in
Burkina Faso [18,19,24–27] as well as in other
settings in West Africa [15,28,29] and suggests that
SP may still be efficacious when used as IPTp in
Burkina Faso.

To our knowledge, this is the first study
comparing peripheral and placental Pfdhfr and
Pfdhps genotypes in Burkina Faso. We used PCR-
RFLP for that purpose. This technique is highly
specific but its sensitivity might drop at very low
parasitaemia [30]. In our study, we failed to
genotype all the points of mutation in 2 samples. A
very low parasitaemia (160 parasites/µL) found in
those samples could be a plausible explanation.

Table 2. Comparison of peripheral and placental blood Pfdhfr genotypes 

*Mutated codons are displayed in bold

Placental blood Pfdhfr

genotype of sample*
Peripheral blood Pfdhfr genotype of sample* Total (%)

5159108 5159108 5159108 5159108 5159108

5159108 4 1 5 (29.4)
5159108 1 1 (5.9)
5159108 1 1 (5.9)
5159108 1 1 (5.9)
5159108 4 4 (23.5)
5159108 5 5 (29.4)
Total (%) 4 (23.5) 2 (11.8) 2 (11.8) 4 (23.5) 5 (29.4)

Table 3. Comparison of peripheral and placental blood Pfdhps genotypes 

*Mutated codons are displayed in bold

Placental blood Pfdhps genotype of
sample*

Peripheral blood Pfdhps Total (%)

437+540 437+540

437+540 2 1 3 (17.6)

437+540 2 12 14 (82.4)

Total (%) 4 (23.5) 13 (76.5)
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Despite our small sample size, we found a high
concordance for the Pfdhfr gene similar to that
reported in Ghana (83.2%) [15] with 297 paired
peripheral and placental samples. Bouyou-Akotet et
al. [16] reported a full concordance of 100% in
Gabon using 22 matched peripheral and placental
samples. Nevertheless, we observed concordances
of 80% and 100% with both wild type and mutated
parasites, respectively. These findings were higher
than those for both groups of parasites reported in
Ghana [15]. In addition, the concordance for the
Pfdhps genotypes found in our study was lower than
the reported concordance of 91% (20/22) in Gabon
[16]. 

The concordance of placental and peripheral
Pfdhfr and Pfdhps genotypes found in our study was
higher than those reported for MSP genotypes
ranging from to 10% to 57% [12–14]. A plausible
explanation is less polymorphism in Pfdhfr and
Pfdhps genotypes as previously shown [15].

Altogether, our data confirm previous reports
from Ghana [15], Gabon [16], and Kenya [17],
namely that for epidemiological purposes, maternal
peripheral blood genotyping is sufficient for
monitoring SP resistant molecular markers in
pregnant women.

This study provides an update on the prevalence
of mutations conferring SP resistance during
pregnancy in Burkina Faso. A high concordance
was observed for both Pfdhfr and Pfdhps genes
when comparing peripheral genotypes to placental
alleles. Therefore, for epidemiological purposes
peripheral blood Pfdhfr and Pfdhps genotyping is
sufficient to monitor molecular markers of SP
resistance in pregnant women.
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