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Malaria is a zoonotic disease caused by parasites from the Plasmodium genus. This parasite is transmitted to  
humans when bitten by female Anopheles mosquitos. Five species of Plasmodium are known to infect humans: P. malariae, 
P. ovale, P. knowlesi, P. falciparum, and P. vivax. Of these, P. falciparum is associated with the highest probability of 
severe infection. This parasite's lifecycle involves a sexual stage and an asexual stage. The first takes place in the mosquito 
and the second in humans. The diagnosis of malaria can be done by microscopy, rapid diagnostic tests or molecular 
methods, the latter being the most accurate. As for the treatment of this disease, artemisinin, chloroquine, primaquine, and 
tafenoquine are the principal components used in today's available treatments. Vaccination is also an important factor in the 
fight against malaria, and, presently, there are two available vaccines, RTS, S/AS01 and R21/Matrix-M. Several 
phytochemicals effective against malaria are also found in plant species used in traditional medicine. Examples are 
Azadirachta indica, Gossypium barbadense, Toddalia asiatica, Alstonia scholaris, Carica papaya, Andrographis 
paniculata, and Strychnos ligustrina. Furthermore, compounds from three wild nutmeg species have also been proven 
effective against P. falciparum. The medicinal properties of phytochemicals like alkaloids, phenolic compounds and 
terpenes have even allowed the investigation of drug-resistant malaria strains. When it comes to preventing malaria 
transmission, insecticide treated nests and indoor residual spraying have been proven to reduce transmission rates. For 
pregnant women, intermittent preventive treatment of malaria is also recommended. The need for the development of 
innovative treatment and prevention strategies is urgent due to the emergence of resistant strains. Hence, we present an 
overview of the available treatment and prevention strategies currently approved and employed while focusing on the 
potential of phytochemicals as targets for further studies that can lead to the development of new medicines. 
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Introduction 
Malaria is a highly consequential illness resulting 

from the presence of parasites from the Plasmodium 
genus. This disease is contracted by humans by the 
bite of a female mosquito of the Anopheles species 
that carries the infection. Malaria can be spread 
through different routes, including blood transfusion, 
organ transplantation, or the utilisation of needles or 

syringes that have been contaminated with blood. The 
transmission of malaria from a mother to her unborn 
infant, either before or during delivery, is also a 
possibility1,2. There are five distinct species of malaria 
parasites that can infect people, including 
Plasmodium falciparum, Plasmodium vivax, two 
Plasmodium ovale sub species, Plasmodium knowlesi 
and Plasmodium malariae. This article will mostly 
explore the species P. falciparum and P. vivax.  
P. falciparum is the predominant strain of malaria  
that is associated with a higher likelihood of  
causing severe infections, and if left untreated in early 
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stages, it can potentially lead to fatality. As for  
P. vivax, the assumption that it rarely causes severe 
malaria has been challenged over the last 15 years, 
and reports of severe disease have been increasing. 
Despite the potential fatality of malaria, effective 
prevention measures can typically mitigate the 
occurrence of illness and mortality associated with 
this disease1,3,4. 

The life cycle of P. falciparum is characterised by 
its complicated nature, involving two distinct phases: 
sexual and asexual reproduction. The sexual phase of 
the parasite's life cycle takes place within the vectors, 
namely female Anopheles mosquitos, and the asexual 
phase takes place within humans, who serve as the 
intermediate host. Upon being bitten by an infected 
female mosquito, the parasites, in the form of 
sporozoites, enter the human bloodstream. Following 
a few hours of circulation within the blood, the 
parasites proceed to invade hepatocytes. The initial 
stage of asexual development in Plasmodium takes 
place within the hepatocytes, followed by progression 
into the erythrocytes. The rupture of erythrocytes is a 
consequence observed in all species of Plasmodium. 
After the asexual phase that takes place in the human 
body, the sexual phase follows inside the mosquito. 
After biting an infected person, the mosquito acquires 
the gametocytes formed in the blood cells of the 
human host. Now, in the mosquito's body, the sexual 
phase occurs and leads to the formation of new 

sporozoites that the mosquito can transmit when 
biting another person5,6. 

Fig. 1 illustrates the detailed life-cycle of 
P. falciparum, beginning when a mosquito releases 
sporozoites in the human host blood stream; they 
proceed to infect hepatocytes and develop schizonts 
after asexual reproduction; the schizonts then rupture 
and release merozoites into the bloodstream; the 
merozoites infect red blood cells and undergo a cycle 
of maturation and rupture, leading to re-infection of 
red blood cells (this cycle is responsible for the 
clinical manifestation of the infection); a few of the 
merozoites released from the liver schizonts show no 
infected erythrocytes and undergo differentiation 
forming gametocytes; the gametocytes circulate in the 
blood stream and are acquired by a mosquito once it 
bites an infected person; now in the mosquito the 
gametocytes initiate the sexual stage of the 
Plasmodium lifecycle forming an oocyst that ruptures 
and releases sporozoites that can be transmitted to 
humans upon another mosquito bite. 

The last World Health Organization (WHO) report, 
in 2022, confirmed a total of 249 million cases and 
603 thousand deaths caused by malaria in 85 
countries, which represents a rise from the 245 
million cases reported in 2020. This increase occurred 
mainly in the WHO African Region, which accounted 
for 94% of cases and 95% of deaths. About 80% of 
malarial deaths in this WHO region occurred in 

 
 

Fig. 1 — Plasmodium falciparum lifecycle (Created with BioRender.com). 
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children under five years old. The recent increase in 
malaria infections has also been attributed to the 
interruption of vital malaria services during the 
COVID-19 pandemic7. 

The symptoms associated with malaria involve 
fever and flu-like manifestations, accompanied by 
shaking chills, headache, muscle aches, anaemia, and 
jaundice, which is characterised by the yellow 
discolouration of the skin and eyes due to hemolysis 
and liver injury that occurs during infection8. 
Ensuring a correct diagnosis is the highest priority to 
ensure an inappropriate treatment plan9. The presence 
of merozoites in the bloodstream can lead to relapse 
in cases of P. vivax and P. ovale infections, occurring 
several months or years following the primary 
infection, emphasising the need for a correct 
diagnosis. Confirming the presence of parasites in 
peripheral circulation can be challenging when  
their numbers are very low. Additionally, diagnosing 
individuals who are infected with dormant liver  
stages is not achievable until these stages become 
activated and result in a relapse10,11. 

When it comes to treating malaria infections, the 
utilisation of essential antimalarial drugs in modern 
medicine may be related back to the medicinal 
significance of certain plants that have been 
recognised for centuries. Artemisinin, produced from 
the Qinghao plant, and quinine, obtained from 
Cinchona, were discovered as key pharmaceuticals in 
the fight against malaria12,13. Chloroquine and 
primaquine have beenwidely utilised as the preferred 
combination therapy for the management of vivax 
malaria since the 1950s14. The majority of 
artemisinin-derived pharmaceuticals currently 
employed are classified as prodrugs, necessitating 
hydrolysis for conversion into the active metabolite 
dihydroartemisinin. The WHO advocates for the 
utilisation of artemisinin-based combination 
treatments (ACT) in order to achieve a substantial rate 
of recovery from P. falciparum malaria and mitigate 
the proliferation of drug resistance. The treatment of 
malaria can also involve the utilization of antimalarial 
medications that have undergone evolutionary 
changes from quinine. As for malarial vaccines, they 
are categorized based on their principal impact, which 
includes pre-erythrocytic (sporozoite and liver-stage), 
blood-stage, and transmission-blocking vaccines. 
Today, there are two available malaria vaccines, RTS, 
S/AS01 and R21/Matrix-M vaccine. Nevertheless, the 
most effective approach to combat malaria cases is 
through the prevention of insect bites14-18. 

Diagnosis 
The clinical diagnosis of malaria poses challenges 

due to the non-specific nature of signs and symptoms, 
which are further influenced by factors such as 
endemicity and host immunity. Typical symptoms 
involve feelings of general discomfort, elevated body 
temperature, sudden cold sensations accompanied by 
excessive sweating, cranial pain, and other related 
manifestations. Splenomegaly, anaemia, leukopenia, 
and thrombocytopenia are frequently observed in 
clinical presentations, although their diagnostic 
specificity is limited. The predictive value of fever 
periodicity, traditionally characterized as 48-hour 
paroxysms, is limited in diagnosing patients due to the 
prevalence of asynchronous erythrocytic schizogony 
with 24-hour cycles of paroxysm, especially among 
non-immune individuals8. The diagnosis of malaria 
can be broadly categorized into three main methods: 
microscopic diagnosis, molecular diagnosis, and 
antigen-capture fast diagnostic testing (Table 1)19,20.  
 
Microscopic diagnosis 

The standard diagnostic technique for malaria is the 
utilization of light microscopy to examine stained 
blood films using the Giemsa staining procedure. The 
shortage of this approach in numerous regions of sub-
Saharan Africa can be attributed to the absence of 
suitable staining material and adequately skilled 
employees. The efficacy of the procedure is dependent 
upon the level of professional proficiency, and it can be 
used to identify an infection with a concentration of 
10–100 parasites per microliter of blood. Various 
clinical algorithms have been assessed for their 
applicability in regions with low resources, where the 
ability to diagnose malaria using microscopic means 
may be constrained. These efforts aim to reduce the 
incorrect prescription of antimalarials for non-malarial 
ailments, hence playing a role in the emergence of 
antimalarial resistance. Clinical diagnostic algorithms 
typically have limitations in their ability to accurately 
diagnose falciparum malaria, as well as being specific 
to particular clinical settings. Additionally, in regions 
with a higher frequency of malaria, there is a 
significant risk of symptomatic patients not receiving 
appropriate treatment14,21,22. 
 
Molecular diagnosis 

It is well acknowledged in the scientific community 
that molecular diagnostics, such as polymerase chain 
reaction (PCR) or nucleic acid sequence-based 
amplification (NASBA), exhibit a greater level of 
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sensitivity compared to microscopy or rapid diagnostic 
tests (RDTs). At present, the molecular diagnostic 
method most frequently employed for detecting 
malaria is PCR, which exhibits a Limit of Detection 
(LoD) ranging from 0.004 to 30 parasites per millilitre 
(p/mL). This approach is particularly advantageous for 
the identification of Plasmodium species after 
diagnosis using microscopy or RDT testing in 
laboratory settings that may lack proficient 
microscopists. Moreover, PCR is a valuable tool for the 
surveillance of individuals undergoing antimalarial 
therapy. This practice is observed in Western 
laboratories as well as in a few reference laboratories 
located in regions where malaria is endemic. However, 
the implementation of this technique necessitates 
substantial resources and specialized knowledge,  
which are typically lacking in developing countries 
where there is a pressing demand for diagnostic 
capabilities14,22-24. 
 
Antigen detection-based rapid diagnostic tests (RDTs) 

Between 2010 and 2021, manufacturers sold a  
total of 3.5 billion Rapid Diagnostic Tests (RDTs)  
for malaria worldwide, with a significant majority 
(over 82%) of these sales occurring in nations  
located in the sub-Saharan African region. Antigen 
detection-based rapid diagnostic tests (RDTs) are 
characterized by their rapidity and simplicity, 
although they frequently exhibit an elevated limit of 
detection (LoD) of 4100 p/mL, particularly when the 
causative pathogen is non-falciparum. Besides, it 
should be noted that rapid diagnostic tests based on 

histidine-rich protein II (HRP-II), a protein produced 
by P. falciparum, are not appropriate for monitoring 
patients’ post-therapy. This is due to the potential 
presence of antigens in circulation for up to 28 days 
after the infection has been successfully cleared, 
which might result in erroneous positive test 
outcomes during the initial month following 
treatment. Furthermore, HRP-II gene deletions may 
pose a difficulty in diagnosing P. falciparum malaria, 
originating in false negatives25. Due to the direct 
correlation between the sensitivity of RDT and the 
density of parasites, healthcare providers should 
exercise caution in using a negative RDT result as a 
definitive means to exclude the presence of malaria, 
especially in cases of vivax malaria (sensitivity 69% 
and specificity 100%). Also, the use of RDTs can be 
advantageous in facilitating managerial decision-
making prior to the completion of a microscopic 
diagnosis19,26-28. 
 

Treatment 
The objectives of antimalarial therapy include 

minimizing any immediate damage to the patient, 
eliminating the presence of asexual parasites in the 
peripheral blood, averting the reoccurrence of 
infection, and disrupting the transmission cycle. The 
selection of treatment is dependent upon various 
criteria, including the specific strain of malaria 
parasite responsible for the infection, the extent of the 
illness, the age of the patient, pregnancy status, and 
the prevalence of drug resistance within the 
geographical area. 

Table 1 — Comparative table of the advantages and disadvantages of the three main diagnostic methods explored 
Diagnostic Method Advantages Disadvantages 
Microscopic Diagnosis Light Microscopy based diagnosis allows malaria species 

identification and the evaluation of infected red blood cells 
percentage, through Giemsa staining. 
The diagnosis is suitable to be performed in labs that are 
equipped to conduct routine haematology tests. 

Microscope diagnosis requires trained personnel, 
capable of identifying the parasites. 
Quality equipment such as microscopes and
reagents are also required and might not be available
in places where the disease is endemic. 

Molecular Diagnosis Molecular diagnosis exhibits higher sensitivity and 
specificity and allows for species identification. 
This method is useful for diagnosis confirmation when the 
previous diagnostic was performed by untrained personnel 
or when species identification was not possible. 
Molecular techniques also constitute useful surveillance 
tools for patients under antimalarial treatment. 

This method requires the use of specific reagents
and equipment that might not be easily available in
endemic countries. 
The lack of automated systems makes molecular
diagnosis difficult to perform in limited resource 
settings, underlining the importance of implementing
specific automated systems and techniques. 

Antigen detection-based 
RDT 

Antigen detection-based rapid diagnostic tests are faster  
and much simpler to perform when compared to other 
methods. 
These rapid tests are more easily available in endemic 
countries since they don’t require specialized equipment  
and personnel. They are also more cost-effective. 

This rapid diagnostic test has a high limit of
detection, making the appearance of false 
negative results highly probable. 
The antigen detection-based test is not species 
specific. 
This method is also not useful for post-exposure 
monitoring. 
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Antimalarial drugs 
 

Artemisinin-related drugs 
In the year 1970, a team of Chinese scientists, 

under the leadership of Dr. Youyou Tu, successfully 
extracted the active compound known as artemisinin 
from the botanical species Artemisia annua. This 
particular substance has demonstrated significant 
efficacy in the treatment of malaria, thereby 
establishing considerable utility as an antimalarial 
agent. The majority of artemisinin-derived 
pharmaceuticals currently used are classified as 
prodrugs, needing hydrolysis for activation into the 
active metabolite dihydroartemisinin. The antimalarial 
activity of artemisinin-based medicines manifests 
through the formation of a radical via a peroxide 
bond. ACT is recommended by the WHO to achieve a 
substantial rate of recovery and reduce the risk of 
drug resistance, which is observed against 
chloroquine, sulfadoxine-pyrimethamine, and 
amodiaquine. One notable characteristic of the 
artemisinin derivatives is its remarkable efficacy and 
capacity to induce a quick decline in the initial 
parasite biomass. This attribute is evident in both  
P. falciparum and P. vivax14,29-31. 

Derivatives of artemisinin n have also proven to be 
effective against resistant malaria, as is the case of 
dihydroartemisinin. Atovaquone, artemether, and 
artesunate have been useful in the treatment of severe 
infection. Namely, artemether and artesunate show a 
high safety profile and only demonstrate side effects 
when used for prolonged periods32.  
 
Chloroquine 

Chloroquine belongs to a class of medications 
called 4-aminoquinolines. Chloroquine works by 
interfering with the ability of the malaria parasite to 
break down haemoglobin within red blood cells, 
preventing the parasite from obtaining necessary 
nutrients and leading to its death. Chloroquine 
demonstrates a high degree of absorption following 
oral ingestion, with a bioavailability above 90%. Like 
other blood schizontocidal drugs that are effective 
against P. vivax, chloroquine has gametocytocidal 
properties, which rapidly eliminates the sexual stage 
during the acute infection. The gradual elimination of 
the drug results in its prolonged retention in the body 
with the effective concentration required for the 
elimination of the parasite. This ensures the complete 
elimination of all stages of the parasite that resides in 
the red blood cells. Additionally, it provides an 
extended period of post-treatment prophylaxis (PTP) 

during which the drug can prevent the invasion of the 
bloodstream by new merozoites from reinfection or 
relapse originating from hypnozoites14,18. 
 

Primaquine 
The term "malaria relapse" refers to the 

reappearance of the infection caused by dormant 
liver-stage parasites known as hypnozoites in P. vivax 
and P. ovale. The lack of use of 8-aminoquinolines, 
the only medications capable of preventing relapse 
and facilitating "radical cure," is a significant obstacle 
to the elimination of malaria. The administration of 
this particular category of medications has been seen 
to induce oxidant hemolysis in individuals who 
possess a deficiency in glucose-6-phosphate 
dehydrogenase (G6PD), a condition that is prevalent 
in tropical regions. G6PD is inherited in an X-linked 
manner, with gene frequencies typically ranging from 
8% to 10%, although they can occasionally reach as 
high as 35%33. The availability of G6PD testing is 
frequently limited, leading prescribers to exhibit a 
common hesitation in inducing hemolysis as a 
preventive measure against relapse. Both primaquine 
and tafenoquine have been found to promote drug-
induced hemolysis in individuals who have a deficit 
in glucose-6-phosphate dehydrogenase (G6PD)34. The 
likelihood of recurrence, also known as radical cure 
efficacy, is dependent upon the dosage of 8-
aminoquinoline, as well as the quality and 
bioavailability of the formulation. Additionally, the 
quantity of activatable hypnozoites in the liver, which 
is indicative of the level of prior malaria exposure, 
also influences the extent of this reduction. The 
prevailing approach across the majority of the 
Americas for preventing the recurrence of P.vivax 
malaria involves administering primaquine at a 
cumulative dosage of 3.5 mg/kg of an individual's 
body weight. However, it is worth noting that the 
effectiveness of this treatment has been found to be 
less successful in Southeast Asia and Oceania. Here, a 
dosage 50% higher is administered. This variability in 
medication susceptibility across different regions 
globally contributes to the above-mentioned 
dependency14,33,35,36. 
 

Tafenoquine 
Tafenoquine is a pharmaceutical approved by the 

Food and Drug Administration and Australian 
Therapeutic Goods Administration in 2018. It is 
classified as a longer-acting antihypnozoite drug and 
is primarily used for the radical cure of P. vivax 
malaria. The mechanism of action of this drug is 
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similar to that of other antimalarial medications, 
specifically primaquine. Tafenoquine effectively 
disrupts the lifecycle of the parasites by inducing 
mortality in the dormant forms residing within the 
liver. Toxic compounds are produced intracellularly 
within the hepatocytes during infection, resulting in 
the induction of oxidative damage and subsequent 
mortality of the parasites. Tafenoquine is designed to 
specifically target the dormant phase of P. vivax 
malaria, with the objective of decreasing the 
occurrence of relapses commonly associated with this 
strain of malaria. The use of Tafenoquine, a 
therapeutic intervention for P. vivax malaria,  
has been linked to the prevention of relapse by 
effectively eliminating both P. vivax parasitemia and 
hypnozoites. Tafenoquine has shown effectiveness in 
the radical treatment of P.vivax malaria, while it did 
not show non-inferiority to primaquine37-39. 

 
Malaria vaccines 

The year 2015 marked a significant milestone in 
the advancement of malaria vaccine development. 
This occurred when the pre-erythrocytic P. 
falciparum candidate RTS underwent a favourable 
evaluation by the European Medicines Agency40. 
Consequently, it was subsequently incorporated into 
national pilot implementation programs. This event 
signified a groundbreaking achievement as it became 
the first anti-parasite vaccine for humans to 
successfully undergo regulatory scrutiny. The 
objective of this vaccine is to mitigate the risk of 
malaria infection by specifically targeting either the 
malaria parasite (Plasmodium) or the mosquito vector 
(Anopheles) that is responsible for transferring the 
disease. The most advanced malaria vaccine, known 
as RTS, S/AS01 (Mosquirix), has obtained regulatory 
approval, distinguishing it as the only vaccine to have 
achieved this status. The P. falciparum parasite, 
responsible for the majority of severe malaria cases, is 
the target of this intervention. The primary intended 
use of RTS, S/AS01, is in regions characterized by 
moderate to high rates of transmission. Although it 
does not offer comprehensive protection, it has 
demonstrated a certain degree of efficacy in 
mitigating the likelihood of malaria infection, 
particularly among young children40,41. 

Another available vaccine for malaria is 
R21/Matrix-M, recently approved by the WHO as an 
alternative to the RTS, S/AS01 vaccine. This is a 
protein-based vaccine that targets the pre-erythrocytic 
stage. Its design is the product of recombinant DNA 

technology, where the circumsporozoite (CSP) gene is 
combined with HBsAg. The recombinant DNA, once 
expressed, will originate fusion proteins that self-
assemble into virus-like particles, which will then be 
combined with Matrix-M adjuvant to finalize the 
vaccine, making it ready to use42. R21/Matrix-M 
vaccine proved to reduce 75% of symptomatic 
malaria cases when taken in three doses, and a booster 
dose is essential to maintain the efficacy. Moreover, 
this vaccine has shown to be cost-effective, and 
clinical trials have not revealed any safety issues 
related to it. The efficacy of R21/Matrix-M has not 
yet been compared to RTS, AS01, but the WHO 
indicates that its public health impact will be high 
even in areas with low transmission rates43. 
 
Phytochemicals against malaria 

Traditional medicine has used the medicinal 
properties contained in plant species to help treat and 
prevent several kinds of diseases. This practice dates 
back centuries and, in present times, can be combined 
with modern science and technology to achieve high-
end therapeutic strategies44. In the recent COVID-19 
pandemic, some studies have evaluated the use of 
phytochemicals against the virus, such as thymol, a 
compound present in thyme species, that has shown 
efficacy as a spike protein inhibitor45. 

Although some of the drugs already used for 
malaria treatment are based on medicinal properties 
from phytochemicals, it is important to investigate 
new plant compounds for their antimalarial properties. 
In fact, several studies have reported significant 
numbers of plant species used by traditional medicine 
practitioners around the world. According to these 
studies, seven species stand out as the most preferred 
in survey answers; they are Azadirachta indica46, 
Gossypium barbadense47, Toddalia asiatica48, 
Alstonia scholaris, Carica papaya, Andrographis 
paniculata49, and Strychnos ligustrina50. These plant 
species contain specific phytochemicals (Fig. 2) that 
can be extracted from different parts of the plant and 
exhibit antimalarial activity. Therefore, they can be 
used in the development of new therapies, as is listed 
in Table 2. 

Since patients infected with malaria can present 
several different symptoms, it is important to screen 
plant species/compounds that are known to be useful 
not only against malaria but also against those 
symptoms in an isolated way. For example, fever is 
one of the symptoms associated with malaria, so it is 
useful to explore the properties of plant species  
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that are used against this particular symptom, even if 
they are not known to have antimalarial activity.  
This can facilitate the discovery of active compounds 
focused on the different malaria symptoms that  
can be combined in novel optimised therapies for 
symptom management. 

Moreover, the treatment of malaria using natural 
products can also be associated with products used in 
everyday meals. Just as is shown, Carica papaya, a 
fruit available for daily intake, contains a compound, 
carpaine, known to have antimalarial properties51. 
Another example is the nutmeg family, 
Myristicaceae. Belonging to this family is the species 
Myristica fragrans, known as true nutmeg, while 
other species are known as wild nutmeg. True nutmeg 
and wild nutmeg species have proven to possess 
several medicinal properties and have been widely 
used in traditional medicine around the world.  
Some species of wild nutmeg have, inclusively, 
shown antimalarial activity. This is the case of 
Pycnanthus angolensis, which has a compound named 

talaumidin present in the stems that shows positive 
results against chloroquine-resistant P. falciparum. 
Another wild nutmeg species is Knemaglauca, which 
contains Malabaricone A in the leaves and is also 
effective. Lastly, the wild nutmeg species Horsfieldia 
spicata, is another example of a species effective 
against P. falciparum, namely, in its schizont stage, 
due to the presence of the compound named 
Myristicyclin52. 

Furthermore, the use of phytochemicals against 
malaria has also allowed the possibility of 
investigating and developing effective treatments 
against drug-resistant malaria strains. For example, 
quinine, quinidine and cinchonine are alkaloids with 
anti-plasmodial activity isolated from the cinchona 
bark, and when combined, these compounds show 
greater potential in treating infections by drug-
resistant malaria strains53. Phenolic compounds, 
namely catechins, isolated from the plant Piptadenia 
pervillei, endemic to Madagascar, are also potent 
candidates against resistant strains54. Some terpenes 

 
 

Fig. 2 — Main compounds present in plants with antimalarial properties and their chemical structures (obtained from PubChem). 
 

Table 2 — Plant species with antimalarial properties and their primary compounds, with the respective site of extraction 

Plant species Antimalarial compound Site of extraction Reference 
Azadirachta indica Meldenine Leaves 46 
Gossypium barbadense Gossypol Leaves 47 
Toddalia asiatica Nitidine Root bark 48 
Alstonia scholaris Echitamine Bark 49 
Carica papaya Carpaine Leaves 49 
Andrographis paniculata Andrographolide Leaves and roots 49 
Strychnos ligustrina Strychnine Leaves and stem 50 
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like farnesol, nerolidol, limonene, and linalool have 
also demonstrated antimalarial activity against P. 
falciparum in vitro in its intraerythrocytic stage. 
These terpenes can inhibit the isoprenoid biosynthesis 
in P. falciparum in different locations of the 
metabolic pathway. Such capacity of these terpenes 
indicates that they may be capable of reversing the 
resistance mechanisms of this parasite55. 

In short, it can be stated that natural products 
constitute a rich source of potent components that can 
act as new therapies against malaria. They can be 
extracted from several parts of the plants, such as 
leaves, stems or roots, and they can be studied for 
their specific properties against stages of the 
parasite’s life cycle, for the effect on the parasite’s 
metabolic pathways, and even for their effect on the 
relief of malaria symptoms. It is also important to 
consider the synergistic effect that may be observed in 
whole plant extracts when compared to the use of 
single phytochemicals, as well as the cumulative 
effect between compounds from different plants or 
even their combination with synthetic drugs already in 
use. This way, phytochemicals can pave the way to 
the discovery of new antimalarial drugs, including 
against resistant strains. 
 

Current status of antimalarial medicines development 
Given the epidemiological significance of malaria, 

several new medicines are continuously under 
research. According to the Medicines for Malaria 
Venture’ pipeline for antimalarial drugs, which was 
last updated in June 2023, there are 62 ongoing 
projects that aim to find new drugs for the treatment 
of malaria infection. Of the total of projects preset in 
the portfolio, 15 of them have already been approved 
by regulatory bodies, and 1 is available for time-
limited procurement while awaiting approval from 
regulatory entities. Of the remaining 46 projects, 12 
have not reported any progress in the two years prior 
to the update of the portfolio, leaving 34 ongoing 
projects that have been presenting developments in 
the discovery of new malaria medicines. Of these 34, 
17 are still in the translational phase (9 in the 
preclinical phase and 8 being tested in human 
volunteers), and the other 17 are in the product 
development phase (8 in the patient exploratory 
phase, 6 in the patient confirmatory phase and 3 in 
regulatory review)56. 
 

Prevention strategies 
The prevention of malaria requires the 

implementation of a comprehensive approach that 

includes both individual defences and public health 
initiatives with the objective of mitigating the spread 
of the disease. Anopheles stephensi is a type of 
mosquito that has the capability to transmit both P. 
falciparum and P. vivax, which are the causative 
agents of malaria. A. stephensi exhibits the ability to 
flourish in urban settings, distinguishing it from other 
prominent mosquito vectors of malaria that 
predominantly breed in rural regions. A. stephensi, 
when seen in the WHO African Region, has exhibited 
resistance to several pesticides commonly employed 
in public health interventions. This resistance may 
present an additional obstacle in effectively managing 
its population. Here, we list the key strategies for 
preventing malaria. 
 

Insecticide-treated nets (ITNs) 
In endemic locations, insecticide-treated bed nets 

(ITNs) have demonstrated efficacy in mitigating the 
incidence of malaria illness, severe disease, and 
mortality associated with malaria. The nets undergo a 
treatment process involving the application of 
insecticides that serve the purpose of deterring and 
eliminating mosquitoes. Insecticide-treated bed nets 
(ITNs) function as a tangible obstacle that effectively 
hinders mosquitoes from making direct contact with 
persons during their sleep. There are only two 
approved kinds of insecticides for application on 
insecticide-treated bed nets (ITNs), namely, pyrroles 
and pyrethroids. Research findings indicate that these 
insecticides exhibit minimal health hazards to humans 
and other mammals while demonstrating toxicity 
towards insects, resulting in their mortality. The 
utilization of long-lasting insecticide-treated nets 
(LLINs) that retain sufficient amounts of insecticide 
for a minimum duration of 3 years, even after 
undergoing many washing cycles, has been linked to 
significant reductions in malaria cases within nations 
where comprehensive malaria initiatives have 
successfully achieved widespread usage of LLIN57. 
The WHO currently advocates for the widespread 
distribution and utilization of long-lasting insecticidal 
nets (LLINs) among all individuals residing in regions 
affected by malaria, a strategy sometimes referred to 
as "universal coverage". 
 

Intermittent preventive treatment of malaria in pregnant 
women (IPTp) and intermittent preventive treatment of 
malaria in infancy (IPTi) 

The presence of malaria parasites in placental 
intervillous spaces has been found to have a negative 
impact on pregnancy and delivery outcomes. Pregnant 
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women exhibit heightened susceptibility to malaria 
infections, which in turn represent a significant threat 
to the well-being of developing fetuses. The presence 
of malaria during pregnancy has been linked to 
several adverse outcomes, including anaemia, 
stillbirth, low birth weight, as well as maternal and 
foetal mortality. Pregnant women are urged to sleep 
under insecticide-treated bed nets (ITNs), while 
children should get suitable antimalarial interventions 
as prescribed by healthcare professionals. Preventive 
treatment in pregnancy (PTp) involves providing a 
therapeutic dosage of an efficacious antimalarial 
medication, specifically sulfadoxine-pyrimethamine 
(SP), to all pregnant individuals, regardless of their 
malaria infection status, with the aim of curbing the 
transmission and impact of the disease. Intermittent 
preventive treatment in pregnancy (IPTp) ought to be 
administered during every scheduled antenatal care 
appointment, commencing at the earliest feasible time 
in the second trimester. However, it has been 
observed that elevated levels of folic acid can reduce 
the efficacy of sulfadoxine-pyrimethamine. Hence, it 
is advisable that women adhere to the prescribed daily 
dosage of 0.4 mg of folic acid57,58. 
 
Indoor residual spraying (IRS) 

A significant number of malaria vectors are 
classified as "endophilic," indicating that the mosquito 
vectors tend to seek shelter inside buildings after 
feeding on blood. Indoor residual spraying (IRS) has 
been found to be highly effective in controlling these 
mosquitoes. The Internal Revenue Service (IRS) entails 
the application of a residual insecticide to the walls and 
various surfaces within a residential structure. Over a 
span of several months, the insecticide will effectively 
eliminate mosquitoes and other insects upon direct 
contact with the treated surfaces. The Internal Revenue 
Service (IRS) does not possess the direct capability to 
mitigate the risk of mosquito bites for individuals. In 
contrast, it typically results in the mortality of 
mosquitoes after their blood meal, provided they alight 
on the treated surface. This phenomenon leads to a 
decrease in the mosquito population as well as their 
capacity to spread infection. The Internal Revenue 
Service (IRS) effectively mitigates the spread of 
infection to individuals in proximity. In order to 
achieve optimal effectiveness, it is imperative that the 
implementation of the IRS (Indoor Residual Spraying) 
intervention encompasses a significant majority of 
houses within a given geographical region, typically 
exceeding 80% coverage57. 

Resistances and limitations 
 

Drug resistance 
The emergence of medication resistance by the 

Plasmodium parasite is a significant and urgent 
concern in the field of malaria treatment. The 
emergence of resistance to artemisinin, particularly in 
Southeast Asian nations, poses a significant challenge 
to the efficacy of primary treatment strategies. The 
independent emergence and local spread of clinically 
artemisinin-resistant P. falciparum has been identified 
in Africa. The evaluation of artemisinin resistance has 
predominantly been conducted through the 
examination of the kelch protein-encoding gene. The 
identification of the two kelch13 mutations could 
potentially serve as indicators for the identification of 
these drug-resistant parasites59. Furthermore, the 
emergence of resistance to chloroquine and other 
antimalarial medications has significantly constrained 
the available therapeutic alternatives. The emergence 
of multidrug resistance further emphasizes the 
necessity for ongoing awareness and adaptability in 
treatment protocols. 
 
Vector Resistance and Vaccines 
Vector control, which is considered a fundamental 
aspect of malaria prevention, encounters various 
obstacles of its own. The emergence of resistance to 
pesticides in Anopheles mosquitoes undermines the 
efficacy of indoor residual spraying and insecticide-
treated bed nets. In the same way, malaria vaccines, 
while their potential as a preventive measure, face 
challenges due to the inherent constraints of 
conferring only partial protection and the wide-
ranging characteristics exhibited by various 
Plasmodium species. 
 
Environmental Dynamics and Human Factors 

While past and ongoing efforts to eliminate diseases 
offer valuable insights for addressing malaria, it is 
important to keep in mind that the global landscape is 
evolving at a rapid pace. Consequently, the 
circumstances in the future might have little resemblance 
to the contexts under which these initiatives were 
implemented. The complexity of malaria is further 
exacerbated by the effects of climate change and the 
movement of human populations. Climate change has a 
significant impact on the breeding habitats of 
mosquitoes, leading to alterations in the distribution  
and behaviour of these disease-carrying organisms.  
The movement of human populations, frequently 
motivated by economic considerations, has the potential 
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to bring malaria to previously unaffected regions and 
sustain the ongoing transmission of the disease. The 
transmission of the disease is influenced by behavioural 
variables, such as the inconsistent implementation of 
preventive measures60. 
 

Conclusion 
With the current climate pattern affecting the 

distribution of mosquito populations worldwide, 
outbreaks of malaria infection are expected to 
increase. Therefore, it is imperative to adopt a 
comprehensive approach and foster international 
cooperation. The investigation of novel antimalarial 
medications that effectively counteract resistance 
mechanisms is of the highest priority in malaria 
research. This involves the exploration of innovative 
pharmacological combinations as well as the 
utilisation of pre-existing pharmaceuticals for 
alternative purposes. Enhancing vector control efforts 
via novel approaches and heightened surveillance is 
crucial in addressing vector resistance. In addition, 
improving the availability of healthcare and 
education, specifically in areas with limited resources, 
can contribute to the early identification and 
management of medical conditions. The ongoing 
battle against malaria is a complex and varied 
challenge, necessitating the integration of scientific 
advancements, public health initiatives, and socio-
economic enhancements. The achievement of a 
malaria-free world necessitates a collaborative 
endeavour driven by the resolve of governmental 
bodies, non-profit entities, medical practitioners, 
scholars, and members of society. 
 
Acknowledgement 

We highly appreciate the support of the Royal 
Patronage of Her Royal Highness Princess Maha Chakri 
Sirindhorn - Botanical Garden of Walailak University  
(Grant No. RSPG-WU-14/2567), Thailand and The 
Project of Universidade de Aveiro, UIDB/50011/2020 
(DOI 10.54499/UIDB/50011/2020), UIDP/50011/2020 
(DOI 10.54499/UIDP/50011/2020) & LA/P/0006/2020 
(DOI 10.54499/LA/P/0006/2020), financed by national 
funds by FCT/ MCTES (PIDDAC), Portugal. 
 

References 
1 CDC - Malaria - About Malaria – FAQs, Onlinea vailable: 

https://www.cdc.gov/malaria/about/faqs.html, Accessed on 
Dec. 27, 2023. 

2 Talapko J, Škrlec I, Alebić T, Jukić M and Včev A, Malaria: 
The past and the present, Microorganisms, 2019, 7(6), 179, 
doi: 10.3390/microorganisms7060179. 

3 Phyo A P, Dahal P, Mayxay M and Ashley E A,  
Clinical impact of vivax malaria: A collection review,  
PLoS Med, 2022, 19(1), e1003890, doi: 
10.1371/JOURNAL.PMED.1003890. 

4 Milner D A, Malaria pathogenesis, Cold Spring Harb 
Perspect Med, 2018, 8(1), a025569, doi: 
10.1101/cshperspect.a025569. 

5 Ferreira C Â, Mota M M and Prudêncio M, The reciprocal 
influence of the liver and blood stages of the malaria 
parasite’s life cycle, Int J Parasitol, 2022, 52(11), 711-715, 
doi: 10.1016/j.ijpara.2022.02.002. 

6 Cowman A F, Healer J, Marapana D and Marsh K,  
Malaria: Biology and disease, Cell, 2016, 167(3), 610-624, 
doi: 10.1016/j.cell.2016.07.055. 

7 CDC –Malaria, Online available: https://www.who.int/news-
room/fact-sheets/detail/malaria, Accessed on Dec. 27, 2023. 

8 BriaY P, Yeh C H and Bedingfield S, Significant symptoms 
and non symptom-related factors for malaria diagnosis in 
endemic regions of Indonesia, Int J Infect Dis, 2021, 103, 
194-200, doi: 10.1016/j.ijid.2020.11.177. 

9 Yin J, Li M, Yan H, Zhou S and Xia Z, Laboratory diagnosis 
for malaria in the elimination phase in China: Efforts and 
challenges, Front Med, 2022, 16(1), 10-16, doi: 
10.1007/S11684-021-0889-7. 

10 Wångdahl A, Sondén K, Wyss K, Stenström C, Björklund D, 
et al., Relapse of Plasmodium vivax and Plasmodium ovale 
malaria with and without primaquine treatment in a 
nonendemic area, Clin Infect Dis, 2022, 74(7), 1199-1207, 
doi: 10.1093/CID/CIAB610. 

11 Groger M, Fischer H S, Veletzky L, Lalremruata A and 
Ramharter M, A systematic review of the clinical 
presentation, treatment and relapse characteristics of human 
Plasmodium ovale malaria, Malar J, 2017, 16(1), 112, doi: 
10.1186/S12936-017-1759-2. 

12 Shanks G D, Historical review: Problematic malaria 
prophylaxis with quinine, Am J Trop Med Hyg, 2016, 95(2), 
269-272, doi: 10.4269/ajtmh.16-0138. 

13 Ma N, Zhang Z, Liao F, Jiang T and Tu Y, The birth of 
artemisinin, Pharmacol Ther, 2020, 216, 107658, doi: 
10.1016/j.pharmthera.2020.107658. 

14 Baird J K, Valecha N, Duparc S, White N J and Price N R, 
Diagnosis and treatment of Plasmodium vivax malaria, Am J 
Trop Med Hyg, 2016, 95(6), 35-51, doi: 10.4269/ajtmh.16-
0171. 

15 Ashley E A and Poespoprodjo J R, Treatment and prevention 
of malaria in children, Lancet Child Adolesc Health, 2020, 
4(10) 775–789, doi: 10.1016/S2352-4642(20)30127-9. 

16 Savi M K, An overview of malaria transmission mechanisms, 
control, and modeling, Med Sci, 2022, 11(1), 3, doi: 
10.3390/MEDSCI11010003. 

17 Plewes K, Leopold S J, Kingston H W F and Dondorp A M, 
Malaria: What’s new in the management of malaria?, Infect 
Dis Clin North Am, 2019, 33(1), 39-60, doi: 
10.1016/J.IDC.2018.10.002. 

18 Daily J P, Minuti A and Khan N, Diagnosis, treatment, and 
prevention of malaria in the US: A review, JAMA, 2022, 
328(5), 460-471, doi: 10.1001/JAMA.2022.12366. 

19 Varo R, Balanza N, Mayor A and Bassat Q, Diagnosis of 
clinical malaria in endemic settings, Expert Rev Anti Infect Ther, 
2021, 19(1), 79-92, doi: 10.1080/14787210.2020.1807940. 



INDIAN J NAT PROD RESOUR, JUNE 2024 
 
 

284

20 Basu S and Sahi P K, Malaria: An update, Indian J Pediatr, 
2017, 84(7), 521–528, doi: 10.1007/S12098-017-2332-2. 

21 Barcia J J, The Giemsastain: Its history and applications,  
Int J Surg Pathol, 2007, 15(3), 292-296, doi: 
10.1177/1066896907302239. 

22 Chiodini P L, Malaria diagnostics: Now and the future, 
Parasitol, 2014, 141(14), 1873-1879, doi: 10.1017/ 
S0031182014001371. 

23 Zheng Z and Cheng Z, Advances in molecular diagnosis of 
malaria, Adv Clin Chem, 2017, 80, 155-192, doi: 
10.1016/BS.ACC.2016.11.006. 

24 Oriero E C, Van Geertruyden J P, Nwakanma D C, 
D’Alessandro U and Jacobs J, Novel techniques and future 
directions in molecular diagnosis of malaria in resource-
limited settings, Expert Rev Mol Diagn, 2015, 15(11), 1419-
1426, doi: 10.1586/14737159.2015.1090878. 

25 Jejaw Z A, Hailu A, Bayih A G, Kefale M, Amare A T,  
et al., Plasmodium falciparum histidine-rich protein 2 and 3 
genes deletion in global settings (2010–2021): A systematic 
review and meta-analysis, Malar J, 2022, 21(1), 26, doi: 
10.1186/S12936-022-04051-7. 

26 Slater H C, Ding X C, Knudson S, Bridges D J, Moonga H, 
et al., Performance and utility of more highly sensitive 
malaria rapid diagnostic tests, BMC Infect Dis, 2022, 22(1), 
121, doi: 10.1186/S12879-021-07023-5. 

27 Wittenauer R, Nowak S and Luter N, Price, quality, and 
market dynamics of malaria rapid diagnostic tests: Analysis 
of global fund 2009–2018 data, Malar J, 2022, 21(1), 12, 
doi: 10.1186/S12936-021-04008-2. 

28 Mouatcho J C and Goldring J P D, Malaria rapid diagnostic 
tests: Challenges and prospects, J Med Microbiol, 2013, 
62(10), 1491-1505, doi: 10.1099/JMM.0.052506-0. 

29 Talman A M, Clain J, Duval R, Ménard R, and Ariey F, 
Artemisinin bioactivity and resistance in malaria parasites, 
Trends Parasitol, 2019, 35(12) 953-963, doi: 10.1016/ 
j.pt.2019.09.005. 

30 Martino E, Tarantino M, Bergamini M, Castelluccio V, 
Coricello A, et al., Artemisinin and its derivatives: Ancient 
tradition inspiring the latest therapeutic approaches against 
malaria, Future Med Chem, 2019, 11(12), 1443-1459, doi: 
10.4155/FMC-2018-0337. 

31 Ansari M T, Saify Z S, Sultana N, Ahmad I, Saeed-Ul-
Hassan S, et al., Malaria and artemisinin derivatives: An 
updated review, Mini Rev Med Chem, 2013, 13(13), 1879-
902, doi: 10.2174/13895575113136660097. 

32 Belete T M, Recent progress in the development of new 
antimalarial drugs with novel targets, Drug Des, Devel Ther, 
2020, 14, 3875–3889, doi: 10.2147/DDDT.S265602. 

33 White N J, Anti‐malarial drug effects on parasite dynamics in 
vivax malaria, Malar J, 2021, 20(1), 1-12, doi: 
10.1186/S12936-021-03700-7. 

34 Recht J, Ashley E A and White N J, Use of primaquine and 
glucose-6-phosphate dehydrogenase deficiency testing: 
Divergent policies and practices in malaria endemic 
countries, PLoS Negl Trop Dis, 2018, 12(4), e0006230, doi: 
10.1371/journal.pntd.0006230. 

35 Fernando D, Rodrigo C and Rajapakse S, Primaquine in 
vivax malaria: An update and review on management  
issues, Malar J, 2011, 10, 351, doi: 10.1186/1475-2875- 
10-351. 

36 Greenwood B and Drakeley C, Primaquine and Plasmodium 
vivax malaria recurrence in Brazil, New Engl J Med, 2022, 
386(13), 1282-1283, doi: 10.1056/NEJME2201725. 

37 Hounkpatin A B, Kreidenweiss A and Held J, Clinical utility 
of tafenoquine in the prevention of relapse of Plasmodium 
vivax malaria: A review on the mode of action and emerging 
trial data, Infect Drug Resist, 2019, 2019(12), 553-570, doi: 
10.2147/IDR.S151031. 

38 Ebstie Y A, Abay S M, Tadesse W T and Ejigu D A, 
Tafenoquine and its potential in the treatment and relapse 
prevention of Plasmodium vivax malaria: The evidence to 
date, Drug Des Devel Ther, 2016, 10, 2387, doi: 
10.2147/DDDT.S61443. 

39 Llanos-Cuentas A, Lacerda M V G, Hien T T,  
Vélez I D, Namaik-Larp C, et al., Tafenoquine versus 
primaquine to prevent relapse of Plasmodium vivax malaria, 
New Eng J Med, 2019, 380(3), 229-241, doi: 
10.1056/NEJMOA1802537.  

40 Duffy P E and Patrick Gorres J, Malaria vaccines since 2000: 
Progress, priorities, products, NPJ Vaccines, 2020, 5(1), 48, 
doi: 10.1038/s41541-020-0196-3. 

41 CDC – Malaria Vaccines, Online available: 
https://www.cdc.gov/malaria/php/public-health-strategy/ 
malaria-vaccines.html, Accessed on Dec. 27, 2023. 

42 Novavax – R21 Malaria Investigational Vaccine, Online 
available: https://www.novavax.com/what-we-do/vaccine-
pipeline/malaria-investigational-vaccine, Accessed on Jan. 
03, 2024. 

43 WHO - WHO recommends R21/Matrix-M vaccine for 
malaria prevention in updated advice on immunization, 
Online available: https://www.who.int/news/item/02-10-
2023-who-recommends-r21-matrix-m-vaccine-for-malaria-
prevention-in-updated-advice-on-immunization, Accessed on 
Jan. 03, 2024. 

44 Najmi A, Javed S A, Al Bratty M and Alhazmi H A,  
Modern approaches in the discovery and development  
of plant-based natural products and their analogues as 
potential therapeutic agents, Molecules, 2022, 27(2), 349, 
doi: 10.3390/molecules27020349. 

45 Ali S, Alam M, Khatoon F, Fatima U, Elasbali AM, et al., 
Natural products can be used in therapeutic management  
of COVID-19: Probable mechanistic insights, Biomed 
Pharmacother, 2022, 147, 112658, doi: 10.1016/ 
j.biopha.2022.112658. 

46 Oladeji O S, Oluyori A P, Bankole D T and Afolabi T Y, 
Natural products as sources of antimalarial drugs: 
Ethnobotanical and ethnopharmacologicalstudies, Scientifica, 
2020, 2020, 7076139, doi: 10.1155/2020/7076139. 

47 Dogara A M, Labaran I and Yunusa A, Ethnobotany of 
medicinal plants with antimalarial potential in northern 
Nigeria, Ethnobot Res Appl, 2020, 19, 1-8, doi: 
10.32859/ERA.19.32.1-8. 

48 Omara T, Antimalarial plants used across Kenyan 
communities, Evid Based Complement Altern Med, 2020, 
2020, 4538602, doi: 10.1155/2020/4538602. 

49 Budiarti M, Maruzy A, Mujahid R, Sari A N, Jokopriyambodo 
W, et al., The use of antimalarial plants as traditional treatment 
in Papua Island, Indonesia, Heliyon, 2020, 6,(12), e05562,2020, 
doi: 10.1016/j.heliyon.2020.e05562. 

50 Taek M M, Tukan G D, Prajogo B E W and Agil M, 
Antiplasmodial activity and phytochemical constituents of 



YU-PING et al.: TREATING AND PREVENTING MALARIA – THE IMPORTANCE OF PHYTOCHEMICALS 
 
 

285

selected antimalarial plants used by native people in west 
timor Indonesia, Turk J Pharm Sci, 2021, 18(1), 80-90, doi: 
10.4274/tjps.galenos.2019.29000. 

51 Hariono M, Julianus J, Djunarko I, Hidayat I, Adelya L, et 
al., The future of Carica papaya leaf extract as an herbal 
medicine product, Molecules, 2021, 26(22), 6922, doi: 
10.3390/molecules26226922. 

52 Barman R, Bora P K, Saikia J, Kemprai P, Saikia S P, et al., 
Nutmegs and wild nutmegs: An update on ethnomedicines, 
phytochemicals, pharmacology, and toxicity of the 
Myristicaceae species, Phytother Res, 2021, 35(9), 4632-
4659, doi: 10.1002/ptr.7098. 

53 Rasoanaivo P, Wright C W, Willcox M L and Gilbert B, 
Whole plant extracts versus single compounds for the 
treatment of malaria: Synergy and positive interactions, 
Malar J, 2011, 10(1), S4, doi: 10.1186/1475-2875-10-S1-S4. 

54 Ramanandraibe V, Grellier P, Martin M T, Deville A,  
Joyeau R, et al., Antiplasmodial phenolic compounds from 
Piptadenia pervillei, Planta Med, 2008, 74(4), 417-21, doi: 
10.1055/s-2008-1034328. 

55 Rodrigues G H, Kimura E A, Peres V J, Couto A S, Aquino 
D F A, et al., Terpenes arrest parasite development and 

inhibit biosynthesis of isoprenoids in Plasmodium 
falciparum, Antimicrob Agents Chemother, 2004, 48(7), 
2502-2509, doi: 10.1128/AAC.48.7.2502-2509.2004. 

56 Medicines for Malaria Venture -MMV’s pipeline of 
antimalarial drugs, Online available: https://www.mmv.org/ 
mmv-pipeline-antimalarial-drugs, Accessed on Jan. 03,  
2024. 

57 CDC - Indoor Residual Spraying Prevention Strategies, 
Online available: https://www.cdc.gov/malaria/php/public-
health-strategy/irs-strategies.html, Accessed on Dec. 27, 
2023. 

58 Bauserman M, Conroy A L, North K, Patterson J, Bose C,  
et al., An overview of malaria in pregnancy, Semin Perinatol, 
2019, 43(5), 282-290, doi: 10.1053/j.semperi.2019.03.018. 

59 Balikagala B, Fukuda N, Ikeda M, Katuro O T, Tachibana S I,  
et al., Evidence of artemisinin-resistant malaria in Africa,  
N Engl J Med, 2021, 385(13), 1163-1171, doi: 10.1056/ 
NEJMoa2101746. 

60 WHO - Malaria eradication: benefits, future scenarios and 
feasibility: A report of the strategic advisory group on malaria 
eradication, Online available: https://iris.who.int/handle/ 
10665/331795, Accessed on Dec. 27, 2023.  

 

 
 
 
 
 
 
 
 


