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ABSTRACT
This study aimed to investigate the prevalence of the pfdhps and pfdhfr
polymorphisms in southern Somalia. The genetic polymorphisms of both genes were analyzed
by nested PCR-RFLP. A total of 150 samples were collected; of these, 101 were shown to be
positive for Plasmodium (96 P. falciparum and 5 P. vivax) by nested PCR, the remaining 49
were PCR negative. Of the 96 Plasmodium falciparum isolates, 88 were successfully
amplified for pfdhps and pfdhfr polymorphisms. The mutations occurring in the
pyrimethamine resistance gene (pfdhfr) at codons 51, 59 and 108 were 59 (67.0%), 51
(58.0%) and 83 (94.3%) isolates, respectively. Sulfadoxine resistance-associated mutations in
the pfdhps gene at codons 437, 540 and 581 were found in 41 (46.6%), 43 (48.9%) and 13
(14.8%) samples, respectively. The analysis of pfdhfr and pfdhps combination revealed that 27
(30.7%) isolates harbor the quintuple mutations (I51R59N108-G437E540A581 and I51R59N108G437K540G581). The prevalence of single mutation, triple mutations, quadruple mutations and
double mutations haplotypes were 19.3%, 18.2%, 15.9% and 12.5%, respectively.
Additionally, sextuple mutations were observed at 2 isolates (2.3%). This study shows that
the pfdhfr/pfdhps mutant alleles have moderately declined compared to a previous study, but
still remain high.
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Providing an effective SP to pregnant
women at every antenatal care visit helps
to protect against the sequelae of
falciparum malaria, like low birth weight
(LBW) of offspring and maternal anemia
[8].
SP resistance is associated with
mutations in both the pfdhfr and pfdhps
genes [9]. The I51R59N108-G437E540, known
as quintuple mutations are strongly
correlated with SP therapeutic failure in
sub-Saharan Africa [10]. The failure of SP
has
threatened
falciparum
malaria
treatment in Somalia [5], where the
majority of healthcare services are
provided by private sectors with no central
coordinated malaria treatment system due
to lack of effective central government
since the downfall of the military regime in
1992. There is also a lack of timely revised
and applicable national malaria treatment
policy in Somalia.
Due to the current use of SP in
IPTP/I, the monitoring of SP resistance
markers is needed. This molecular
surveillance will provide important
information for the malaria control
program in Somalia which could predict
treatment outcome and help to make a
decision to either continue or abolish this
regimen. Therefore, the purpose of this
study was to investigate the prevalence of
pfdhfr and pfdhps polymorphisms in Afgoi
and Balad, southern Somalia.

1. Introduction
Malaria is caused by an intracellular
protozoan parasite belong to the genus
Plasmodium. P. falciparum malaria is
notable for its high mortality rate;
particularly in young children, as well as the
alarming development of resistance to most
available antimalarial drugs [1, 2]. In
Somalia, malaria remains a significant
public health problem, with 54% of the
population at high risk of malaria infection.
Over 95% of malaria cases in Somalia are
due to P. falciparum [3] and approximately
28,900 confirmed malaria cases and 40–50
malaria-related deaths were reported from
Somalia during 2007-2009 [3]. New cases of
malaria are mainly reported from southern
Somalia, especially districts located along
the Shabelle and Juba rivers [4].
In 2005, sulfadoxine-pyrimethamine
(SP) was replaced by chloroquine (CQ) as
the first-line treatment for uncomplicated P.
falciparum infection and two years later the
combination of artesunate-SP (AS-SP) was
introduced [5]. In 2016, artemetherlumefantrine (AL) was adopted as the
Somali’s first-line treatment due to the high
degree of AS-SP resistance [5, 6]. However,
SP is still used in Somalia as a prophylactic
drug for intermittent preventive treatment in
pregnant women and infants (IPTP/I)
according to the recommendation of the
WHO for most sub-Saharan Africa (SSA)
countries [7].
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specific restriction enzymes. For pfdhfr,
MluCl, XmnI, AluI (New England Biolabs,
Beverly, USA) were used for codon 51, 59
and 108, respectively. While AvaII, FokI,
BstUI (New England Biolabs, Beverly, MA,
USA) were used for mutation of pfdhps at
codons 437, 540 and 581, respectively. P.
falciparum strains (3D7 & K1) were used as
control.

2. Materials and Methods
2.1 Study sites and sample collection
The current study was conducted in
the high malaria transmission areas of
Somalia; Afgoi and Balad (Figure 1).
Ethical clearance was approved from
Somali’s ministry of Health and Human
Services,
Mogadishu,
Somalia
(MOH&HS/DGO/0776/May/2018).
Finger-prick blood samples were
collected from consenting patients from
May to July 2018.

2.5 Statistical analysis
Each point mutation was presented as
the number of isolates followed by their
percentage. Chi-square was used to analyze
the frequency distribution of the point
mutations between the study sites (Afgoi vs.
Balad). All statistical significance was set
at α < 0.05.

2.2 DNA extraction
DNA from dried blood spot was
extracted using a QIAamp® DNA mini kit
(Qiagen,
USA)
according
to
the
manufacturer’s instructions. The DNA was
kept at −20°C for molecular analysis.

3. Results

2.3 Identification of Plasmodium species
The confirmation of Plasmodium
species was performed by using a nested
PCR. The primer sequences and PCR
conditions were described elsewhere [11].
The first round of PCR amplified a small
subunit ribosomal RNA (SSU rRNA) gene
from all Plasmodium species, while the
second round of PCR amplified the first
round PCR product using species-specific
primers, rFAL1 and rFAL2 for P.
falciparum, and rVIV1 and VIV2 for P.
vivax.

3.1 Plasmodium falciparum isolates
Of the 150 samples, a total of 101
were shown to be positive for Plasmodium
(96 P. falciparum and 5 P. vivax) by nested
PCR, the remaining 49 were PCR negative.
Of the 96 P. falciparum isolates, 88 isolates
were successfully amplified for both pfdhfr
and pfdhps genes. Regarding the study sites,
71 isolates were collected from Afogi and
17 isolates were from Balad.
3.2 Prevalence of mutation of the pfdhfr
gene
Frequency distribution of the pfdhfr
mutation is summarized in Table 1. Three
codons (51, 59 and 108) of pfdhfr were
investigated in this study. The mutations of
this gene at codons 51, 59 and 108 were
found in 59 (67.0%), 51 (58.0%) and 83
(94.3%) samples, respectively. Only the
polymorphism of codon 51 was statistically
significant difference between Afogi and
Balad (p < 0.001). However, the sample size
in Balad is much smaller than Afgoi, hence
this may have affected this finding. The
distribution of pfdhfr haplotype is shown in
Table
2.
High
prevalence
of
pfdhfr haplotype was I51R59N108 (53.4%),
followed by N51C59N108 (26.1%). The

2.4 Genotyping of pfdhfr and pfdhps
genes
The polymorphisms of pfdhfr and
pfdhps genes were investigated by using
nested PCR-RFLP following the previously
described method [12, 13]. All PCRs were
carried out at 25 μl final reaction volume
containing 1× Taq buffer, 2 mM MgCl2, 200
μM dNTP, 200 nM each primer, 0.02 U/μl
of Taq polymerase and 2 μl of P. falciparum
genomic DNA for the first round PCR. One
μL of the primary PCR product was used for
the nested PCR reaction. The primer
sequences and PCR cycling conditions have
been described previously [12, 13]. The
second PCR products were digested by site-
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N51C59S108,
I51C59S108,
N51C59N108,
N51R59N108 haplotypes were only observed
in Afgoi.

4. Discussion
The mutations of the pfdhfr and
pfdhps genes, which are molecular markers
for SP treatment failure, were investigated
in this study. Mutations of the pfdhfr gene,
I51, R59 and N108, are commonly described as
triple mutant alleles and confer resistance to
pyrimethamine, while the double mutants of
pfdhps (G437, E540) are known to cause
sulfadoxine resistance. The double dhps
mutations plus the triple dhfr mutations
(called quintuple mutations) are strongly
associated with a higher level of SPresistance [14, 15].
In the present study, the mutation at
codon 108 of pfdhfr (N108), which is known
as the initial mutant for pyrimethamine
resistance [16], was observed in 94% and
the I51 mutation was found in 67%. These
results were in contrast to a previous study
conducted in southern Somalia, which
reported 100% prevalence for the N108
mutation and 87% prevalence for the I51 in
2011 [6]. The data from this study indicate a
higher prevalence in N108 than detected in
North Ethiopia (52.3%) [17], and East
Africa (72.9%) [12]. The results for the R59
mutation in pfdhfr (58%) resemble the
observed prevalence by Warsame et al in
southern Somalia (52%) [6] but the R59
mutation was much more common than
another study conducted in Bosaso,
northeastern Somalia (22%) in 2015 [5].
For the pfdhps gene, 46% prevalence
of G437 mutation was reported by this study.
This mutation was depicted to be the initial
mutant point associated with sulfadoxine
resistance in many endemic areas [18]. The
G437 mutation appears more frequently in
this study as compared to another study
conducted in southern Somalia (37.1%) in
2011 [6]. According to the criteria of the
WHO, IPTp-SP can be used if the
prevalence of E540 and G581 is less than
95% and 10%, respectively [19]. From
these criteria, the use of IPTp-SP should
be carefully monitored because 49%
frequency of E540 was within the criteria

3.3 Prevalence of mutation of the pfdhps
gene
The pfdhps genotypes were observed
at codon 437, 540 and 581. The pfdhps
mutations at codons; 437, 540 and 581 were
41 (46.6%), 43 (48.9%) and 13 (14.8%)
isolates, respectively (Table 1). There was
no statistically significant difference
between these mutations among study areas.
The analysis of pfdhps haplotype is
summarized in Table 3. The wild-type
haplotype corresponding to A437K540A581
was the most prevalent (40.9%). The double
mutations haplotype (G437E540A581) was the
second most prevalent (35.3%).
3.4 Pfdhfr and pfdhps haplotypes analysis
The distribution of the pfdhfr and
pfdhps haplotypes in P. falciparum isolates
in Somalia are summarized in Table 4. The
observed
haplotypes
were
grouped
according to the number of mutations. Of
the 88 samples, the most prevalent
haplotype group, the quintuple mutations
(I51R59N108-G437E540A581 and I51R59N108G437K540G581), was found in 27 (30.7%)
samples. The following haplotypes were
single mutation (N51C59N108- A437K540A581
and
I51C59S108A437K540A581),
triple
mutations
(I51R59N108A437K540A581,
N51C59N108-G437E540A581,
N51R59N108G437K540A581, N51C59N108-G437G540K581, and
N51C59N108-G437A540G581),
quadruple
mutations
(I51R59N108-A437E540A581,
I51R59N108-A437K540G581,
I51C59N108G437E540A581, N51R59N108-G437E540A581, and
N51C59N108-G437E540G581)
and
double
mutations
(I51C59N108A437K540A581,
N51C59S108- G437E540A581 , and N51C59N108A437E540A581) which were observed in 17
(19.3%), 16 (18.2%), 14 (15.9%) and 11
(12.5%)
samples,
respectively.
The
prevalence of sextuple mutations was
observed at 2.3% (2 isolates).
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whereas the G581 was found to be higher
than the recommended value (15%). The
G581 mutation had not been reported from
the previous study conducted in southern
Somalia in 2011 [6]. The G581 mutation was
assumed to be associated with IPTp-SP
failure; in addition, the G540 mutation
appeared to increase the degree of resistance
[20].
The
pfdhfr
triple
mutation
(G437E540G581) has shown a sharp decline
from 64.4% in 2011 [6] to 4.6% in our data.
Previous studies from several African
countries have demonstrated an association
between moderate SP resistance level and
triple mutations in the pfdhfr (G437E540G581)
[6, 21, 22].
As per the study sites, the difference
in distribution of SP resistance markers
could not be clearly shown due to the
disparity of sample sizes between the study
sites (Afgoi=71 vs. Balad=17). Among all
codons, only pfdhfr N51I showed a
statistically significant difference between
Afogi and Balad. However, as stated, the
sample size in Balad is much smaller and
this may have affected this finding.
The prevalence of I51R59N108A437K540A581 haplotype, which conferred a
pronounced resistance to pyrimethamine,
was found in 11.5% of samples. This
finding is much lower than that reported by
Warsame et al [6] in 2011 (31.8%). The
quintuple
mutations
(I51R59N108G437E540A581), which was reported to confer
a full resistance against SP in southeastern
Africa [23], showed an upward trend from
15.7% in 2011 [6] to 28.4% in the current
study. The finding indicates an increase in
the prevalence of the quintuple mutation
over a 7-year period. The level of quintuple
mutation is much higher than that was
previously reported in Ghana (1.4%) after
long term abandonment of SP used [24].
The sextuple mutation (I51R59N108G437E540G581), which is considered to confer
a higher level of resistance than the
quintuple mutation alone, was present in
only 2 isolates (2.3%). No sextuple

mutations had been identified in Somalia
before [5, 6]. The high prevalence (>75%)
of sextuple mutations was seen in Rwanda
[25]. Only one isolate retained a wild
haplotype (N51C59S108- A437K540A581) at all
codons.
The different distributions for SP
resistance molecular markers are likely due
to differences in the period, geographical
location of the studies and the decrease of
the drug selective pressure after its
discontinuation. However, the present study
shows that most pfdhfr and pfdhps mutant
alleles are still high after 13 years of
withdrawal from SP-monotherapy for the
treatment of uncomplicated falciparum
malaria, although comparative studies were
not conducted in the same study areas. The
extensive use of different types of antifolate
drugs with a similar mechanism of action as
SP, such as cotrimoxazole (trimethoprim
and sulphamethoxazole), in managing
bacterial
infections
or
preventing
opportunistic infections among HIVinfected patients, might be another reason
for the increased SP resistance [26].
Cotrimoxazole has been proven to have a
cross-resistance with SP in vitro P.
falciparum culture [26, 27].
Although there was no clinical data of
SP treatment efficacy, the current results of
high prevalence of SP resistance alleles are
probably indicative of the low efficacy of
SP mono-therapy against falciparum malaria
treatment in Somalia.
Overall, most pfdhfr/pfdhps mutant
alleles have moderately declined from
levels described in a previous work by
Warsame et al in 2011 [6]. The slow decline
of SP-resistance alleles after 13 years
discontinued SP-monotherapy was due to
the remaining SP drug pressure from use as
intermittent prophylaxis treatment during
pregnancy and/or self-medication since the
drug is still available at the local drug store.
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Table 1. Frequency distribution of pfdhfr and pfdhps polymorphisms in 88 P. falciparum
isolates from southern Somalia.
Gene
pfdhfr

Position
51*

Amino Acid

Number of isolates (%)

N (Wild type)

Afgoi

Balad

Total

29 (33.0)

0 (0.0)

29 (33.0)

17 (19.3)
6 (6.8)
11 (12.5)
0 (0.0)
17 (19.3)
7 (8.0)
10 (11.4)
6 (6.8)
11 (12.5)
17 (19.3)
0 (0.0)

59 (67.0)
37 (42.0)
51 (58.0)
5 (5.7)
83 (94.3)
47 (53.4)
41(46.6)
45 (51.1)
43(48.9)
75 (85.2)
13 (14.8)

I (Mutation)
42 (47.7)
C (Wild type)
31 (35.2)
R (Mutation)
40 (45.5)
108
S (Wild type)
5 (5.7)
N (Mutation)
66 (75.0)
Pfdhps
437
A (Wild type)
40 (45.4)
G (Mutation)
31 (35.2)
540
K (Wild type)
39 (44.3)
E (Mutation)
32 (36.4)
581
A (Wild type)
58 (65.9)
G (Mutation)
13 (14.8)
*The statistical significance among Afgoi and Balad; p <0.001.
59

Table 2. Distribution of pfdhfr haplotype in 88 P. falciparum isolates from southern Somalia.
Pfdhfr haplotype*
N51C59S108

Number of isolates (%)
Afgoi
Balad
Total
2 (2.3)
0 (0.0)
2 (2.3)

I51C59S108
N51C59N108
I51C59N108

3 (3.4)
23 (26.1)
3 (3.4)

0 (0.0)
0 (0.0)
6 (6.8)

3 (3.4)
23 (26.1)
9 (10.2)

N51R59N108
I51R59N108

4 (4.6)
36 (40.9)

0 (0.0)
11 (12.5)

4 (4.6)
47 (53.4)

*Bold letter indicate the mutation allele.
Table 3. Distribution of pfdhps haplotype in 88 P. falciparum isolates from southern Somalia.
Pfdhps haplotype*
A437K540A581

Number of isolates (%)
Afgoi
Balad
Total
30 (34.1)
6 (6.8)
36 (40.9)

G437K540A581

1 (1.1)

0 (0.0)

1 (1.1)

A437E540A581

6 (6.8)

1 (1.1)

7 (7.9)

A437K540G581

3 (3.4)

0 (0.0)

3 (3.4)

G437E540A581

21 (23.9)

10 (11.4)

31 (35.3)

G437K540G581

5 (5.7)

0 (0.0)

5 (5.7)
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A437E540G581

1 (1.1)

0 (0.0)

1 (1.1)

G437E540G581

4 (4.6)

0 (0.0)

4 (4.6)

*Bold letter indicate the mutation allele
Table 4. Distribution of pfdhfr and pfdhps haplotypes in P. falciparum isolates from southern
Somalia.
Pfdhfr-pfdhps haplotype*

Number of isolates (%)
Afgoi
Balad
Total
1 (1.1)
0 (0.0)
1 (1.1)

All wild type
 N51C59S108- A437K540A581
Sextuple mutations
 I51R59N108-G437E540G581

2 (2.3)

0 (0.0)

2 (2.3)

Quintuple mutations
I51R59N108-G437E540A581

I51R59N108-G437K540G581

Quadruple mutations
I51R59N108-A437E540A581

I51R59N108-A437K540G581

I51R59N108-G437E540A581

N51R59N108-G437E540A581

N51C59N108-G437E540G581


17 (19.3)
15 (17.0)
2 (2.3)
13 (14.8)
4 (4.6)
3 (3.4)
1 (1.1)
3 (3.4)
2 (2.3)

10 (11.4)
10 (11.4)
0 (0.0)
1 (1.1)
1 (1.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

27 (30.7)
25 (28.4)
2 (2.3)
14 (15.9)
5 (5.7)
3 (3.4)
1 (1.1)
3 (3.4)
2 (2.3)

Triple mutations
I51R59N108- A437K540A581

N51C59N108-G437E540A581

N51R59N108- G437K540A581

N51C59N108-G437G540K581

N51C59N108-G437A540G581


16 (18.2)
10 (11.5)
1 (1.1)
1 (1.1)
3 (3.4)
1 (1.1)

0 (0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

16 (18.2)
10 (11.5)
1 (1.1)
1 (1.1)
3 (3.4)
1 (1.1)

Double mutations
I51C59N108- A437K540A581

N51C59S108- G437E540A581

N51C59N108- A437E540A581


5 (5.7)
2 (2.3)
1 (1.1)
2 (2.3)

6 (6.8)
6 (6.8)
0 (0.0)
0 (0.0)

11 (12.5)
8 (9.1)
1 (1.1)
2 (2.3)

Single mutation
N51C59N108- A437K540A581

I51C59S108- A437K540A581


17 (19.3)
14 (15.9)
3 (3.4)

0 (0.0)
0 (0.0)
0 (0.0)

17 (19.3)
14 (15.9)
3 (3.4)

*Bold letter indicate the mutation allele
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Fig. 1. Map of Somalia showing study area.

Pharmacology and Molecular Biology of
Malaria and Cholangiocarcinoma of
Thammasat University and National
Research Council of Thailand (NRCT) for
the support of this project. We also thank
the laboratory staff of Afgoi General
Hospital and Balad Hospital for their help in
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4. Conclusion
This is the first molecular study
highlighting the mutations of the pfdhfr
and pfdhps genes conducted in Afgoi and
Balad, Somalia. The study shows that the
pfdhfr/pfdhps
mutant
alleles
have
moderately declined compared to a previous
study, but still remain high. Monitoring of
pfdhfr and pfdhps mutations could provide
important data for the drug resistance
mapping and the pressure for other
antifolate drugs.

References
[1]

Acknowledgements

[2]

We thank Chulabhorn International
College of Medicine (CICM) of Thammasat
University, Center of Excellence in

87

World Health Organization. Malaria
elimination: A field manual for low and
moderate endemic countries. Geneva:
World Health Organization; 2007.
Shanks GD. Control and elimination of
Plasmodium vivax.
Adv Parasitol
2012;80: 301-41.

AA. Jalei1 and W. Chaijaroenkul | Science & Technology Asia |Vol.24 No.3 July - September 2019

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

World malaria report [Internet]. WHO;
2010 [cited 2018 Apr 22]. Available
f
r
o
m
:
http://www.who.int/malaria/publications/
country-profiles/2010/mal2010_som.
Korzeniewski K. The present-day
epidemiological situation in the Horn of
Africa on the example of Somalia. Przegl
Epidemiol 2012;66(3):487-93.
Warsame M, Hassan AH, Hassan AM,
Arale AM, Jibril AM, Mohamud SA, et
al.
Efficacy
of
artesunate
+
sulphadoxine/pyrimethamine
and
artemether + lumefantrine and dhfr and
dhps mutations in Somalia: evidence for
updating the malaria treatment policy.
Trop Med Int Health 2017;22(4):415-22.
Warsame M, Hassan AM, Barrette A,
Jibril AM, Elmi HH, Arale AM, et al.
Treatment of uncomplicated malaria with
artesunate
plus
sulfadoxinepyrimethamine is failing in Somalia:
evidence from therapeutic efficacy
studies and Pfdhfr and Pfdhps mutant
alleles.
Trop
Med
Int
Health
2015;20(4):510-17.
World Health Organization. Report of the
technical consultation on intermittent
preventive treatment in infants (IPTi),
technical expert group on preventive
chemotherapy. Geneva: World Health
Organization; 2009.
Desai M, Ter Kuile FO, Nosten F,
McGready R, Asamoa K, Brabin B, et al.
Epidemiology and burden of malaria in
pregnancy.
Lancet
Infect
Dis
2007;7(2):93-104.
Juma DW, Omondi AA, Ingasia L, Opot
B, Cheruiyot A, Yeda R, et al. Trends in
drug resistance codons in Plasmodium
falciparum dihydrofolate reductase and
dihydropteroate synthase genes in
Kenyan parasites from 2008 to 2012.
Malar J 2014;13(1):250.
Jalei AA, Chaijaroenkul W, NaBangchang K. Plasmodium falciparum
drug resistance gene status in the Horn of
Africa: a systematic review. Afr J Pharm
Pharmacol 2018;12(25):361-73.
Snounou G, Singh B. Nested PCR
analysis of Plasmodium parasites.
Methods Mol Med 2002;72:189-203.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

88

Mbugi EV, Mutayoba BM, Malisa AL,
Balthazary ST, Nyambo TB, Mshinda H.
Drug resistance
to
sulphadoxinepyrimethamine
in
Plasmodium
falciparum malaria in Mlimba, Tanzania.
Malar J 2006;5(1):94.
Yusuf RU, Omar SA, Ngure RM. The
effect of point mutations in dihydrofolate
reductase genes and the multidrug
resistance gene 1-86 on treatment of
falciparum malaria in Sudan. J Infect Dev
Ctries 2010;4(2):61-9.
Happi C, Gbotosho G, Folarin O,
Akinboye D, Yusuf B, Ebong O, et al.
Polymorphisms
in
Plasmodium
falciparum dhfr and dhps genes and age
related
in
vivo
sulfadoxine–
pyrimethamine resistance in malariainfected patients from Nigeria. Acta Trop
2005;95(3):183-93.
Tessema SK, Kassa M, Kebede A,
Mohammed H, Leta GT, Woyessa A, et
al. Declining trend of Plasmodium
falciparum dihydrofolate reductase (dhfr)
and dihydropteroate synthase (dhps)
mutant alleles after the withdrawal of
Sulfadoxine-Pyrimethamine in North
Western
Ethiopia.
PloS
One
2015;10(10):e0126943.
Basco LK, de Pecoulas PE, Le Bras J,
Wilson CM. Plasmodium falciparum:
molecular characterization of multidrugresistant Cambodian isolates. Exp
Parasitol 1996;82(2):97-103.
Lo E, Hemming-Schroeder E, Yewhalaw
D, Nguyen J, Kebede E, Zemene E, et al.
Transmission dynamics of co-endemic
Plasmodium vivax and P. falciparum in
Ethiopia and prevalence of antimalarial
resistant genotypes. PLoS Negl Trop Dis
2017;11(7):e0005806.
Sibley CH, Hyde JE, Sims PF, Plowe
CV, Kublin JG, Mberu EK, et al.
Pyrimethamine–sulfadoxine resistance in
Plasmodium falciparum: what next?
Trends Parasitol 2001;17(12):570-1.
Okell LC, Griffin JT, Roper C. Mapping
sulphadoxine-pyrimethamine-resistant
Plasmodium falciparum malaria in
infected humans and in parasite
populations in Africa. Sci Rep
2017;7(1):73-89.

AA. Jalei1 and W. Chaijaroenkul | Science & Technology Asia |Vol.24 No.3 July - September 2019

[20]

[21]

[22]

[23]

[24]

Wernsdorfer WH, Noedl H. Molecular
markers for drug resistance in malaria:
use in treatment, diagnosis and
epidemiology. Curr Opin Infect Dis
2003;16(6):553-8.
Staedke SG, Sendagire H, Lamola S,
Kamya MR, Dorsey G, Rosenthal PJ.
Relationship between age, molecular
markers, and response to sulphadoxine–
pyrimethamine treatment in Kampala,
Uganda. Trop Med Int Health
2004;9(5):624-9.
Gesase S, Gosling RD, Hashim R, Ord R,
Naidoo I, Madebe R, et al. High
resistance of Plasmodium falciparum to
sulphadoxine/pyrimethamine in northern
Tanzania and the emergence of dhps
resistance mutation at Codon 581. PloS
One 2009;4(2):e4569.
Kublin JG, Dzinjalamala FK, Kamwendo
DD, Malkin EM, Cortese JF, Martino
LM, et al. Molecular markers for failure
of
sulfadoxine-pyrimethamine
and
chlorproguanil-dapsone treatment of
Plasmodium falciparum malaria. Lancet
Infect Dis 2002;185(3):380-8.
Marks F, Evans J, Meyer CG, Browne
EN, Flessner C, von Kalckreuth V, et al.

[25]

[26]

[27]

89

High prevalence of markers for
sulfadoxine and pyrimethamine resistance
in Plasmodium falciparum in the absence
of drug pressure in the Ashanti region of
Ghana. Antimicrob Agents Chemother
2005;49(3):1101-5.
Karema C, Imwong M, Fanello CI,
Stepniewska K, Uwimana A, Nakeesathit
S, et al. Molecular correlates of highlevel antifolate resistance in Rwandan
children with Plasmodium falciparum
malaria. Antimicrob Agents Chemother
2010;54(1):477-83.
Khalil I, Rønn AM, Alifrangis M, Gabar
HA,
Satti
GM,
Bygbjerg
IC.
Dihydrofolate
reductase
and
dihydropteroate
synthase
genotypes
associated with in vitro resistance of
Plasmodium
falciparum
to
pyrimethamine,
trimethoprim,
sulfadoxine, and sulfamethoxazole. Am J
Trop Med Hyg 2003;68(5):586-9.
Iyer JK, Milhous WK, Cortese JF, Kublin
JG, Plowe CV. Plasmodium falciparum
crossresistance between trimethoprim and
pyrimethamine. Lancet2001;358(9287):
10 66-7.

