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Dear editor,
Malaria is a major public health threat and is one of

the leading causes of death worldwide, with a death toll
of over 400,000 annually (1). A great portion of these
deaths comes from African countries, such as Burkina Faso,
Niger, Mozambique, Tanzania, the Democratic Republic of
Congo, and Nigeria, all accounting for about 51% of all
malaria deaths worldwide (1). Over 90% of these malaria
mortality cases is caused by Plasmodium falciparum, which
is the most virulent form of the malaria parasite (1). In
the past few decades, a major contributor to the increased
severity and mortality rate of malaria is the nagging prob-
lem of drug resistance, mainly for P. falciparum, which has
emerged against almost all used antimalarial drugs since
the 1930s (2). This has greatly impeded global efforts to con-
trol malaria.

The major drugs initially used for the treatment of
non-severe malaria were chloroquine (first-line treatment)
and sulfadoxine-pyrimethamine (second-line treatment)
(2). Chloroquine is considered as one of the most impor-
tant drugs ever used in malaria treatment due to its cost-
effectiveness, ease of accessibility, low toxicity, as well as
its high efficacy against malaria parasites. However, re-
sistance to this drug emerged rapidly due to mutations
that occurred in the P. falciparum chloroquine resistance
transporter (Pfcrt) gene (2). This form of resistance was
first recorded in Southeast Asia and soon spread globally
to other continents, including Africa (2), and by 2010, most
countries worldwide had stopped using chloroquine as a
first-line antimalarial drug (2). The antifolate combina-
tion therapy using sulfadoxine and pyrimethamine was
also widely used as an antimalarial drug due to its low cost
and high efficacy. The drug consists of active agents that
inhibit specific enzymes called dihydrofolate reductase

(DHFR) and dihydropteroate synthase (DHPS) (2), which
are necessary for folate biosynthesis in the parasite; how-
ever, resistance has emerged due to multiple mutations in
the genes that encode these enzymes (2). In Nigeria, this
drug is still used as a prophylactic measure for the pre-
vention of malaria in pregnant women, in line with the
World Health Organization’s recommendation of adminis-
tering sulfadoxine-pyrimethamine (SP) as an intermittent
preventive treatment (IPT) for expectant mothers in Sub-
Saharan Africa (3). However, certain studies have shown an
increasingly high level of resistance to the drug (3, 4), and
the use of alternatives for malaria prevention in pregnancy
are currently advised. Other antifolate combination thera-
pies, like sulfalene-pyrimethamine and sulfamethoxazole-
trimethoprim, have been used in P. falciparum malaria
treatment, but resistance to these drugs has also emerged,
just as with SP (5).

Some quinine derivatives, like amodiaquine, meflo-
quine, and halofantrine, have also been used in treat-
ing P. falciparum malaria, but they have either developed
cross-resistance with chloroquine, which is also a quinine
derivative, or they were found to have certain toxic effects
on malaria-infected individuals (5). Resistance of P. falci-
parum to the quinine derivatives is due to mutations in the
Pfmdr-1 gene; leading to resistance to the parasite (5). Ato-
vaquone is another drug that has been used for the treat-
ment of chloroquine-resistant falciparum malaria, but re-
sistance to the drug quickly arose due to single point muta-
tions in the cytochrome b gene of P. falciparum (5). Hence,
it is currently used in combination with proguanil as an ef-
fective treatment for multidrug-resistant P. falciparum (5).

The WHO’s recommendation of artemisinin-based
combination therapies (ACTs) as choice drugs for treat-
ing uncomplicated malaria gave a ray of hope due to
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their potency against malaria parasites. These ACTs
involve the combination of artemisinin derivatives
(artemether, artesunate, and dihydroartemisinin) with
other pharmacologically active compounds to increase
efficacy and decrease the chances of drug resistance (6).
The major ACTs currently recommended in most coun-
tries worldwide are artemether-lumefantrine (AL) and
amodiaquine-artesunate (AQ-AS) (6). Despite their seem-
ingly potent action, incidences of resistance to ACTs have
been reported in certain regions of Southeast Asia6 and
will most likely spread to other continents in a matter of
years. A study conducted by Dama et al. in Mali showed
the decreasing rates of P. falciparum susceptibility to
artemether-lumefantrine treatment (7) and a more recent
study by Uwimana et al. confirmed the emergence of mu-
tant P. falciparum strains exhibiting artemisinin resistance
in Rwanda (8). These studies proved that artemisinin-
resistant strains have either spread from Southeast Asia
to Africa or have emerged independently in Africa due
to selective drug pressure. This emergence of drug resis-
tance to ACTs is worrisome as it threatens global efforts to
curb malaria and increases the possibility of P. falciparum
malaria becoming untreatable.

In lieu of these, there is a great need for periodic testing
of antimalarial susceptibility and also carrying out genetic
surveillance of antimalarial resistance markers among P.
falciparum strains in order to monitor and predict drug
resistance patterns, with a view to effectively controlling
the spread of antimalarial resistance. Numerous efforts
have been made to develop a malaria vaccine, but no vac-
cine candidate so far has shown an appropriate level of ef-
ficacy in malaria prevention, mostly due to challenges as-
sociated with the parasite’s complex life cycle and the anti-
genic variation at each stage of the life cycle (9). Hence,
it is of utmost importance that novel drug targets are
identified for the development of new drugs to effectively
tackle the emerging problem of malaria multidrug resis-
tance. Plasmodium proteases are a promising drug tar-
get due to their critical role in erythrocyte invasion and
hemoglobin breakdown; thus, compounds, such as leu-
peptin, pepstatin, and fluoromethyl ketones that inhibit
the cysteine, serine, and aspartic proteases are good an-
timalarial drug candidates as they have been effective in
inhibiting the erythrocytic invasion and the growth and
development of P. falciparum (10). Also, the inhibition of
membrane transporters, like the plasmodial surface anion
channel (PSAC) by anion transport blockers, such as phlo-
rizin, dantrolene, furosemide, and niflumate have shown
promising effects in inhibiting the nutrient transport of
the intracellular parasite stage (10). Further research needs
to be embarked on to establish the suitability of these com-
pounds as modifiable and usable antimalarial agents in

the nearest future.
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