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Review Article

ABSTRACT

Malaria is a vector-borne infectious disease caused by distinct species of a single-celled parasite
called Plasmodium sp. However, an infected adult female Anopheles sp. mosquito that feeds on
blood is responsible for the transmission of malaria. In the year 2020, approximately 241 million
malaria cases and 627 thousand malaria deaths were recorded globally. In most tropical and
subtropical regions of the world, malaria is one of the leading causes of death. Its transmission
cuts across 86 countries with African continent recording approximately 95% deaths in 2020. Africa
is mostly affected due to its weather conditions that support the easy spread of Plasmodium
falciparum. Over time, relevant interventions have been made by researchers in the diagnosis,
prevention, and treatment of malaria. Nevertheless, there are still challenges to its treatment and
management globally. This review article is focused on the therapeutic intervention on malaria
globally. Thus, published primary literatures reporting several relevant and new therapeutic
interventions in malaria, as globally attained in the past years were collated and vital information
critically reviewed. It is important to note that, the risk of contracting malaria is dependent on the
region visited, length of stay, immunity, exposure and compliance with prophylaxis. Hence, to
select treatment best suitable as a first-line therapy, combination antimalarial therapy, which

*Corresponding author: Email: Chukwunonyerem.ogwunga@futo.edu.ng;



Onugha et al.; IJPR, 10(3): 29-38, 2022; Article no.lJPR.89600

consists of two or more antimalarial agents with different mechanisms of action was introduced and
has been widely accepted and endorsed to prevent the development of drug resistance. Yet,
immunization still remains the best measure for the eradication of malaria.

Keywords: Malaria; immunization; malaria prophylaxis; Plasmodium falciparium; parasite.

1. INTRODUCTION

Malaria is a vector borne infectious disease
caused by distinct species of a single-celled
parasite called Plasmodium sp [1]. There are five
species of Plasmodium which can infect and
cause malaria in humans, they include
Plasmodium falciparum, Plasmodium malariae,
Plasmodium vivax, Plasmodium ovale and
Plasmodium knowlesi [2], however, the most

fatal and severe cases are caused by
Plasmodium falciparum which is also the most
prevalent specie [3]. An infective female

Anopheles sp. mosquito is responsible for the
transmission of malaria. It is worthy to note that
only female mosquitoes feed on blood, while
male mosquitoes feed on nectar and do not
transmit the disease [4]. Malaria is also a
transfusion transmitted disease, as the parasites
can be transmitted in a pint of blood donated by
an already infected individual [5]. Consequently,
malaria can be classified into three:
Asymptomatic, Uncomplicated and Severe
Malaria [6]. The epidemiology of malaria is

Malaria transmission
occurs throughout

Malaria transmission
occurs in some parts

dependent on geographical location and the level
to which it becomes endemic in these locations
though it is mostly found in the tropical region [7].
Over the years, the global impact of malaria
cannot be over emphasized as it is one of the
leading cause of deaths and diseases in most
tropical and subtropical regions of the world. In
the year 2020, approximately 241 million malaria
cases and 627 thousand malaria deaths were
recorded globally [8]. Its transmission cuts
across 86 countries with African continent
approximately recording 95% deaths in 2020 as
reported by World Health Organization (WHO)
[9]. From the illustration in Fig. 1, Africa is mostly
affected due to its weather conditions, that
support the easy spread of Plasmodium
falciparium (which is a predominant malaria
parasite found in this region) and has higher
tendency of causing deaths and diseases. Also,
the poor economy and inadequate resources of
these affected African countries incapacitate their
ability to properly control the spread of disease
[10].

Malaria transmission
is not known to occur

Fig. 1. Global impact of malaria shown by different levels of transmission per continent [10]
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Fig. 2. Comparison of fever clearance in the treatment of Plasmodium falciparum using
dihydroartemisinin-piperaquine (DP) and artemether-lumefantrine (AL) in the first
72 hours of treatment [35]
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Fig. 3. Comparison of parasitaemia elimination in the treatment of Plasmodium falciparum
using dihydroartemisinin-piperaquine (DP) and artemether-lumefantrine (AL) in the first
72 hours of treatment [35]

In continents like America and Asia where there
is very low transmission of malaria, the residents
develop little or no immunity against the disease
hence remain vulnerable to its infection which
can be severe in most cases. However, pregnant
women, children and immigrants (without
adequate immunity to malaria) are the most
affected population in regions with high
transmission rate [10]. Malaria during pregnancy
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is a major public health problem with its
antecedent on the woman, her fetus, and the
newborn. Non-pregnant women are less
susceptible to malaria when compared to
pregnant women. However, the intensity of the
infection depends on age, accumulation of
malaria over a period of lifetime and parity.
Furthermore, malaria  during pregnancy
increases the risk of maternal anemia which



leads to the delivery of low-birth-weight babies
usually less than 2.5kg. To reduce the burden
associated with malaria in pregnancy, it is
recommended that early diagnosis and effective
management of the infection is achieved,
administration of intermittent preventive therapy
(IPT) and proper use of insecticide treated nets
(ITNs). This is evident in malaria endemic areas,
where a dose of sulfadoxine -pyrimethamine is
given during antenatal visit for prevention of
malaria [11].

According to the World Health Organisation's
annual report on malaria in 2021, the global
death toll of malaria escalated between 2019 to
2021, with an additional 2% increase on the
previous death rate of 4.8% recorded in 2019 [9].
This can be traced to a possible negligence of
malaria control and therapeutic activities in
affected regions, probably due to distractions by
the Covid-19 pandemic which occurred within the
period. Hence, there is an urgent need to
significantly combat this surge by unveiling and
implementing more therapeutic interventions
relevant to malaria, especially in the tropics
where malaria is endemic. This birthed the
objective of this article, which is focused on
collating vital information and critically reviewing
several relevant and new therapeutic
interventions on malaria, as globally attained in
the past years.

1.1 Life Cycle of Malaria Parasite

The infected female Anopheles sp. mosquito is
the definitive host of the parasite. During a blood
meal from humans (secondary host), it injects
sporozoites in the saliva that migrate through the

blood vessels to the liver and infect the
hepatocytes  [12]. During the asexual
reproduction  (schizogony), the parasite is

replicated in the hepatic phase (pre-erythrocytic
stage) without symptoms from the definitive host,
consequently tens of thousands of merozoites
are produced [13]. These merozoites rupture
from the host cells to the red blood cells
(erythrocytic  stage), still without causing
symptoms to the human host, by wrapping itself
in the cell membrane of the hepatic cells of the
infected host thereby creating an adaptive and
innate immune response [14].

In the erythrocytic stage, the merozoites mature
into ring forms, trophozoites and schizonts
respectively [15] which then produce other
merozoites that burst out of the red blood cells,
causing chills and rigor to the human host
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(symptomatic phase) [16]. This life cycle is
repeated within the red blood cells periodically,
thereby increasing the level of parasitemia in the
human host resulting to clinical symptoms such
as fever, due to the release and infection of
merozoites on new red blood cells.

Some of the merozoites are in sexual forms
called gametocytes. They differentiate and
mature into male and female gametocytes [17].
The gametocytes are ingested from this infected
human host during a blood meal by an
uninfected adult female Anopheles sp. mosquito,
[18] where another life cycle takes place till
sporozoites are formed to be released into a
human host during a subsequent blood meal and
again the life cycle in humans is repeated
[19]. Generally, clinical symptoms are
manifested between 7-14 days after the initial
mosquito bite [4]. This is also dependent on
the specie of plasmodium that causes the
infection.

The humid and warm environmental condition in
tropical and Sub - tropical areas promotes the
breeding and multiplication of Anopheles sp
which are the carriers of Plasmodium falciparum.
To control the spread of Anopheles sp which lay
their eggs in water, it is important to treat or
eliminate water pools, have proper water
drainage, eliminate debris, use repellent and
proper use of insecticide treated nets (ITNSs).
However, the environmental condition causes
high resistance of pesticides [20,11].

2. THERAPEUTIC INTERVENTIONS

Over the years, several studies have made
relevant interventions in the prevention,
diagnosis, and treatment of malaria, but there are
still global challenges in its treatment and
management. Targeting the parasites in the pre-
erythrocytic phase by preventing the progression
to erythrocytic phase would appear to be an ideal
approach [21] since the level of parasitemia
would still be low and patient asymptomatic, but
this may be difficult, considering the absence of
symptoms in the first place. This approach is only
possible and effective if the merozoites have not
migrated to the red blood cells, a blood smear
done at this time would yield a negative result
because the parasite would not have been
released into the blood stream.

Multiple organic compounds had been tried
earlier in the 20" century to serve as a substitute
for quinine. It started with methylene blue, then
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pamaquine and quinacrine, before chloroquine in
1934 [22]. It was not until towards the end of the
Second World War, that the efficacy and value of
chloroquine was recognized, after a re-evaluation
in the United States and it became the drug of
choice against malaria [23]. Although,
monotherapy  with either  Sulphadoxine-
pyrimethamine or chloroquine is cheap and
readily available, there has been a rise in failure
rates and resistance [24], especially inP.
falciparum cases. This took a major toll in
endemic areas where it was used as the drug of
choice for malaria due to its therapeutic value.
This in turn affected patient’'s health [25]. There
are several considerations to look at in picking a
treatment best suitable as a first-line therapy.

Combination antimalarial therapy usually
consists of two or more antimalarial agents with
different mechanisms of action [26]. In the
treatment of malaria, combination therapies have
been widely accepted and endorsed to prevent
the development of drug resistance and to regain
the value of older compounds [27]; such
combination include the use of chlorproguanil-
dapsone, quinine-tetracycline, atovoaquine-
proguil and artemisinin combined with other
antimalarial drugs for the treatment of malaria.
However, for the treatment of P. falciparum
and P. vivax, artemether-lumefantrine and
artesunate-amodiaquine are commonly used
[28].

Azithromycin, although an antibiotic, offers hope
as an additional option in a combination therapy
due to its enhanced antimalarial properties in
vivo and in vitro [29]. A multicenter study [25]
was carried out in India on azithromycin alone
and in combination with chloroquine on the
treatment of acute uncomplicated Plasmodium
falciparum malaria. Ninety-six (96) of the
participants who tested positive for P. falciparum
with rapid diagnostic test [RDT] and peripheral
blood smears were assigned to 3 groups:

Azithromycin Monotherapy, Chloroquine
Monotherapy and  Azithromycin-Chloroquine
combination therapy. On the third day of

treatment, 9 of the 16 [56%)] participant of
azithromycin, 14 of 16 [88%] participant of
chloroquine and 61 of 64 [95%] participants of
the combined therapy of azithromycin-
chloroquine were cured. On the 7" day, one of
participants from the combination therapy
regimen dropped out, but the results were still
the same, as 61 of 63 [97%] were cured, while
10 of 16 [63%] and 14 of 16 [88%)] were cured
with azithromycin and chloroquine respectively.
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On the final day of monitoring [day 28], two of the
thirty two participants did not make it for follow
up, one from each monotherapy regimen group,
with 5 of 15 [33%] of azithromycin and 4 of 15
[27%] of chloroquine participants cured, 21 of the
30 failed [relapses inclusive], 61 of 63
participants were cured with substantial
improvements clinically and resolution of
parasitaemia, = showing that combination
therapy of azithromycin-chloroquine  was
more  effective than the  monotherapy
regimens in the treatment of acute
uncomplicated Plasmodium falciparum malaria
[25].

A randomized study on the effective treatment of
uncomplicated Plasmodium falciparum malaria
with  azithromycin-quinine  combination [30]
agrees with the study on azithromycin alone and
in combination with chloroquine on the treatment
of acute uncomplicated Plasmodium falciparum
malaria [25]. In comparison with quinine-
doxycycline, a second line malaria therapy,
azithromycin-quinine regimen with higher doses
of azithromycin (1-1.5grams/day 2 or 3 times
daily) was effective and vyielded highly
encouraging outcomes against  multidrug
resistant Plasmodium falciparum malaria, with
seemingly better tolerance than quinine-
doxycycline combination for 7 days [31]. A study
in 2001 (32) reported, that some of the most
multidrug resistant strains of Plasmodium
falciparum malaria can be found in the western
boarder of Thailand and the combination therapy
of quinine-azithromycin shows promising results
in terms of its efficacy [32].

In Africa and Asia, the use of Artemisinin-based
Combination Therapies [ACT] have been widely
accepted as they are reliably and rapidly
effective in the treatment of Plasmodium
falciparum malaria due to increased cases of
clinical failure and resistance to sulfadoxine-
pymethamine and chloroquine [33]. With the aim
of complete elimination and treatment of P.
falciparum malaria, the efficacy of the ACT of
choice is of utmost importance as it has made
relevant contribution to malaria control with a fall
in malaria transmission by reducing gametocyte
carriage [34]. It was suggested that the efficacy
of an ACT is also dependent on the partnering
agent to the artemisinin derivative and the use
of artemether—lumefantrine (AL), artesunate—
mefloguine), and dihydroartemisinin-piperaquine.
Their efficacy usually exceeds 95% [33]. Factors
like efficacy, safety, cost, ease of administration
and reduced reinfection rate should be

33



considered in the selection of an appropriate
ACT [35].

There are still occasional treatment failures with
respect to drug resistance, especially from the
artemisinin-based combination therapies that
evolved from similar basic compounds. An
example is the report of increased treatment
failure with artemisinin-based combination
therapy dihydroartemisinin-piperaquine against
Plasmodium falciparum, and this could be linked
to cross resistance between piperaquine and
chloroquine [36]. However, a study in 2007 [37]
disagrees as a randomized open study to assess
the efficacy and tolerability of dihydroartemisinin-
piperaquine for the treatment of uncomplicated
P. falciparum malaria in Cambodia proved to be
highly effective and well tolerated in Southeast
Asia [37]. In 2011, another randomized study [35]
in sub-Saharan Africa, comparing the multicentric
assessment of the efficacy and tolerability of
dihydroartemisinin-piperaquine (DP) to
artemether-lumefantrine (AL) in the treatment of
uncomplicated Plasmodium falciparum malaria
was done [35] and the outcome agrees with a
study conducted in 2007 [37]. Participants from
three countries were randomly picked from
Cameroon in Central Africa, Senegal and Céte
d’lvoire in West Africa, the participant were from
ages two and above and they were chosen
based on positive blood smear malaria results
from P. falciparum. A total of 374 patients
successfully completed the trial to the last day
(day 28), 191 patients were administered DP
once daily for three days and 183 in the AL group
were administered artemether-lumefantrine twice
daily also for three days. Follow up visits to
evaluate the density of the parasites and clinical
well-being of the patients were done on days one
to four and subsequent visits on days 7, 14, 21
and 28. Although two recurrences with P.
falciparum infection occurred, one was a
recrudescence while the other was a new
infection in the DP group while the two
recurrences in the AL group were as a result of
recrudesces. As shown in Figs. 2 and 3
respectively, located in the appendix, more than
90% of the patients recovered quickly from fever
and parasitaemia in the first two days of both
treatments. Adverse effects from both drugs did
not interrupt or affect the course of treatment as
they were both tolerated. However, the once
daily regimen of dihydroartemisinin-piperaquine
was an advantage over the twice daily regimen
of artemether-lumefantrine as patients are likely
to be more compliant to treatment.
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Another study [38] was carried out in the Amazon
region of Bolivia to ascertain the efficacy of
mefloquine and mefloquine-artesunate for the
treatmentofuncomplicated Plasmodiumfalciparum
malaria. The results indicated a combination
therapy with mefloquine more effective against P.
falciparum [38]. Ninety-six of the 149 participants
who enrolled were males across four different
cites in Bolivia: Porvenir, Puerto Rico,
Guayaramerin and Riberatta. More than 50% of
the 149 had fever with a temperature 237.5°C on
enrollment. Group 1[mefloquine group] were
administered a single dose of 15 mg/kg
mefloquine [MQ], while group 2 were given 15
mg/kg of mefloquine and 4 mg/kg of artesunate
[MQ-AS] daily for three days. By day 2 of
treatment, only 5 of the 149 participants still had
fever, 3 from MQ group and 2 from MQ-AS
group, with a rapid and significant fall in parasite
density as 39 of the patients in group 1 and 55 in
group 2 were negative for P. falciparum malaria
after a laboratory confirmation with a blood
smear. On day 3, there was no account of fever
documented in both groups; the fall in parasite
density was greater than day 2 as the number of
subjects treated with MQ in groupl had gone up
to 59 from 39 and in group 2, there was a rise
from 55 to 64 subjects with negative blood smear
results. By day 7, all patients had no P.
falciparum malaria parasites in their systems but
still attended follow up visits on days 14, 21 and
28. The results of this study led the Ministry of
Public Health in Bolivia to change the treatment
policy for uncomplicated P. falciparum malaria in
the Amazon region to the artemisinin combination
therapy using mefloquine-artesunate as it is
more effective than the monotherapy with
mefloquine and would help to prevent or delay
the chances of resistance [38]. Contrary to this
study, the rare use of mefloquine-artesunate,
mainly because of the poor tolerance of the
partnering drug-mefloquine was reported [39].
Artemether—lumefantrine  commonly known by
the trade name Coartem, compared to
mefloguine-artesunate which is an extensively
used artemisinin combination therapy across
Africa [40]. An in vivo study which was done in
western border of Thailand recorded a failure
rate of about 46% in the use of mefloquine as a
monotherapy regimen. This was attributed to the
rise in mefloquine resistance thereby limiting its
effectiveness to be used as a combination
regimen in the artemisinin combination therapy
[41]. Although, the addition of artesunate to
mefloquine as an approved therapy in the region
was recorded [42].
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3. MANAGEMENT OF SEVERE MALARIA

Severe malaria (also known as complicated
malaria) is a progression of uncomplicated
malaria, which could result due to parasitaemia
levels higher than 100,000 per mm?®. This rise in
parasitemia level leads to complicated infection
which affects other organs and leads to acute
kidney infection, hemolysis, hemoglobinuria
among other symptoms that affects other organs,
causing reduced immunity and drug resistance
[43]. The aim of treatment is the complete
elimination of the parasite in the pre-erythrocytic
and erythrocytic stage of the human host as soon
as possible, in order to avoid its progression to
severe malaria, other life-threatening
complications and in worse case scenarios death
[44]. Being the most common and fatal specie,
Plasmodium falciparum has over the years
developed resistance to almost all commonly
used oral anti-malaria drugs [45]. This has
presented and still is an ongoing challenge in the
successful management of malaria in the
endemic regions.

It was reported that agents with longer half-life of
weeks or months like chloroquine, mefloquine
and piperaquine, have the tendency to be
unsuccessful due to parasite resistance as the
half-life of an antimalarial agent plays a vital role
in the emergence of drug resistance [46]. It was
also reported in a study, that the exposure of
parasites to drug concentration residues in the
human host from drugs with longer half-life and
slow elimination would not occur if drugs were
eliminated in about 2 days of the parasite’s life
cycle [47]. In a later study [48], it was proposed
that drugs with longer half-life provide post-
treatment prophylaxis (a period of time in which
reinfectionis suppressed, usually after asuccessful
completion of an antimalarial treatment regimen)
[48]. For patients who are unable to tolerate oral
administration, intravenous infusions can be
administered, as seen in most severe cases of
malaria [3].

In a randomized clinical trial [49], evaluated
parasitaemia density of severe malaria treatment
with intravenous artesunate or quinine stat and
oral artemisinin-based combination therapy in
Uganda children was carried out. The study was
done on children living within an endemic region
in Eastern Uganda. Subjects randomly were
administered  intravenous  artesunate  or
intravenous quinine stat dose and full doses of
artemether —lumefantrine (AL) or
dihydroartemisinin-piperaquine (DP) were
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subsequently administered when they could
tolerate orally [49].

3.1 Malaria Prophylaxis

In endemic countries, although, tremendous
progress has been made in the prevention and
control of malaria with the use of long-lasting
insecticide-treated and insecticide-repellant bed
nets [4], there is still the need to take malaria
prophylaxis before or during travel and a period
after departure from any malaria endemic
country. Some of the drugs of choice include
atoqvaquone-proguil, primauine, doxycycline and
mefloquine [50]. The wuse of IPTp with
sulfadoxine-pyrithamine (IPTp-SP) is
recommended for pregnant women in moderate
to high malaria endemic regions [44]. A causal
mechanism of prophylaxis has several distinct
advantages, including the fact that it targets a
smaller number of parasites (before they
complete a four-log amplification in the liver) and
clinically that it requires just 1, not 4, weeks of
postexposure dosing [51]. The risk of contracting
malaria is dependent on the region visited, length
of stay, immunity or level of protection, exposure
which depends on the type of activity, and
compliance  with  prophylaxis.  Individuals
including children who have undergone
splenectomy are at higher risk of malaria and
should avoid malaria endemic areas. Cases
where traveling is unavoidable for such
individual, it is important they take adequate
chemoprophylaxis and avoid mosquito bites [52].

3.2 Emerging Therapies

Inarguably, for a devastating disease with over
200 million new cases worldwide every year [53],
the best measure for the eradication of malaria is
immunization. In the year 2021, the World Health
Organization approved the use of RTS,S/AS01
malaria vaccine among children in sub-Saharan
Africa and other regions with moderate to high
P. falciparum malaria transmission after a
successful pilot scheme in Ghana, Kenya and
Malawi [54].

4. CONCLUSION

Despite all preventive measures and strategies
such as vector control and the use of artemisinin-
based combinations, Malaria is still one of the
world’s most tropical and deadly parasitic
diseases. Although treatable and preventable,
the management of the disease is a major barrier
in the complete eradication of malaria globally.
After years of research and studies, there are
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just two vaccines that have shown promise in the
eradication of malaria, although some are
still undergoing trials. The use of artemisinin
combination therapy (ACT) is still very effective.
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