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SUMMARY
Malaria is long known as a deadly vector borne infection, caused by five parasite species of the coccidian genus Plasmodia that are present in as many as 85 countries. Despite significant progresses
have been achieved to control the infection by early diagnosis and artemisinin combination treatment, insecticide-treated nets and indoor residual spraying, malaria still represents a major public
health issue in many endemic low-income countries. New diagnostic tools of higher sensitivity and
specificity are now available for use in endemic countries to better guide diagnosis and treatment. In
particular, highly sensitive rapid antigenic tests are now available and the loop-mediated isothermal
amplification is a very promising and highly sensitive diagnostic tool. After 2015, decreasing morbidity and mortality trends have been stagnating because of limited funding, emergence of parasite
and vector resistance to drugs and insecticides respectively and, recently, by the disrupting effect of
COVID-19 pandemic. The incomplete knowledge of the complex immunity of malaria infection has
slowed the development of an effective vaccine. However, in 2021, the RTS-S vaccine, however of
suboptimal protective efficacy, has been made available for routine use in children above 5 months
of age. Population movements has increased the chance of observing imported malaria in non-endemic areas, where malaria competent vectors may still exist.
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INTRODUCTION AND HISTORICAL
NOTES
Malaria (from the Italian “mal aria” meaning unhealthy air) is a potentially fatal parasitic disease
whose clinical features are known since many centuries causing sufferance and a high death toll in large
part of the antique world including large part of Europe. Its parasitic nature was first unveiled in 1880
by the French military physician Alphonse Laveran
working in Constantine (Algeria), earning him the
Nobel Prize in 1907. The last two decades of the XIX
century witnessed the flourishing of key discoveries in
the field of malariology. The life cycle of P. vivax was
described by C. Golgy in Italy in 1886 (Golgi, 1886).
Ronald Ross first reported that bird malaria was
transmitted by mosquitos in 1897 in Secunderabad
(India) (Ross, 1898), earning him the Nobel prize in
1902, and Giovan Battista Grassi finally identified the
unique role of blood-sucking Anopheles mosquitoes in
transmitting human malaria in 1898 (Grassi, 1900).
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Many important advances have been made in the fight
against malaria, including the discovery of effective
drugs (however with vanishing efficacy over time),
potent insecticides (unfortunately, sensitivity of vectors to insecticides is falling in many endemic areas),
innovative diagnostic tools and new preventive strategies (including, but not limited to, impregnated bed
nets, indoor residual spraying and vaccine approach).
After a century since its nature and transmission was
finally unveiled, malaria is still ranked high in the list
of the most deadly disease and represents a threat for
a large part of humankind living in malaria endemic
areas even at the beginning of the Third Millennium.
The large increase in human mobility and the rapidity of international travel make nowadays possible for
the western physician in non malaria endemic areas to
encounter clinical cases of malaria (imported malaria)
in its daily practice, that need early diagnosis and treatment. Finally, the presence of potentially competent
vectors (Anopheles species) requires careful entomological and epidemiological surveillance to prevent the potential reintroduction of malaria in those areas where
malaria has been eradicated such as Southern Europe.
The parasite and the mosquito vector
The parasites that may cause malaria are coccidian
protozoa belonging to the genus Plasmodium. Many
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animal vertebrate species may be affected by malaria, including primates, birds, reptiles, mice and
humans. Among the more than 200 species of Plasmodia, 5 five may be responsible of human malaria, one of which composed by two different sympatric sub-species: Plasmodium falciparum, P. vivax, P.
ovale (P.o. wallikeri and P.o. curtisi), P. malariae and
P. knowlesi.
The biological cycle of malaria parasites is completed in two different hosts, the Anopheles vector sexual cycle) and the vertebrate (where the intracellular
pathogenic asexual cycle occurs).
Although various mosquitoes genuses (Aedes, Anopheles, Culex) may be responsible for malaria transmission, parasites causing human malaria era exclusively
transmitted by the bite of an infected female of several Anopheles species depending on the geographical
area. Only female mosquitoes bite mammals in order
to ingest the haemoglobin content they need to allow
eggs maturation to occur. The most relevant Anopheles species involved in human malaria transmission
are An. gambiae s.l. and An. funestus s.l. in Africa,
An. stephensi, An. dirus s.l. and An. culicifacies s.l.
in Asia, An. albimanus s.l. and An. darlingi in Latin
America (Sinka et al., 2012). The different Anopheles
species largely vary in terms of their anthropophilic
attitude (highest for the African species), propensity
to live and bite indoor or outdoor, biological needs
in terms of larval reproductivity (organic content of
the water habitat) thus influencing malaria epidemiology in different continents. As a rule, however,
their biting hours are similar as most Anopheles species are mostly active during nighttime from dusk to
dawn. Among other social predisposing factors to
mosquito bites in humans, gender may also play a
role (Quaresima et al., 2021).

zoites that exit the hepatocyte to reach the blood
stream infecting red blood cells and giving origin
to the schizogonic asexual cycle. The period of time
elapsed from infection to the appearance of plasmodia in blood is referred to as pre-patent phase. A certain number of Plasmodium vivax and P. ovale (P.o.
wallikeri and P.o. curtisi) hepatic trophozoites may
persist for weeks or months (exceptionally years) in
latent forms (hypnozoites) that may reactivate under
unknown specific stress giving origin to clinical malaria relapses (relapsing malaria).
After the first parasitic cycle is completed in human
erythrocytes and merozoites are thereafter released
again in the bloodstream, symptoms appear and the
incubation period comes to its end. The incubation
period of the various human plasmodia species is
different according to the pathogenicity of the species, the length of the pre-patent period and of the
erythrocyte cycle. The malaria access is marked by
the appearance of fever that, initially irregular, progressively assumes, depending on the immune status
of the host and in the absence of therapeutic intervention, a periodic pattern according to the species
of the infecting plasmodium (Table 1).
Sexual forms (male and female gametocytes) progressively emerge from genetically primed merozoites. At this stage the patient become potentially
infective if a competent vector has a blood meal
allowing the ingestion of the sexual forms that initiate the sexual (sporogonic) cycle in its intestine
(formation of the zygote and the oocynete) and in
the celomatic space (oocysts containing thousands of
sporozoites that migrate to the salivary glands). The
duration of the sporogonic cycle (i.e. the time needed
to produce infective sporozoites) varies from species
to species also according to the temperature.

The biological cycle of human malaria

Epidemiology

Following the bite by an infected female Anopheles
mosquito, humans are inoculated by thousands of
sporozoites of a single (or possibly more) plasmodium species that rapidly reach the hepatocytes.
This process occurs in a short time span of several
minutes, leaving little space to humoral immunity
to block it. Sporozoites then follow the maturation
process evolving into trophozoites and multinuclear
schizonts that give origin to a large amount of mero-

After the successes obtained by the massive campaigns to eradicate malaria in southern Europe after the Second World War (Italy was declared malaria-free on the 17th November 1970), a strategy to
eradicate malaria was issued by the World Health
Organization in the ’60s, based on the effective treatment of cases and on the mass use of insecticides.
Unfortunately, the large scale emergence of resistance of parasites to most used drugs and of a pro-

Table 1 - Key differential characteristics of Plasmodium species of human interest.

Hypnozoites
Mean incubation period
Erythrocytic stage infected
Schizogonic cycle in
erythrocytes (hours)
Type of malaria

P. malariae

P. knowlesi

Yes
14 days (12-18)
Reticolocytes

P.o. wallikeri
P.o. curtisi
Yes
17 days (16-20)
Reticolocytes

No
28 days (18-40)
Mature stages

No
11 days (9-12)
Young stages

36-48

48

48

72

24

Tertian

Tertian

Tertian

Quartan

Daily

P. falciparum

P. vivax

No
11 days (9-14)
All stages
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gressively lower sensitivity of vectors to insecticides
have ultimately re-orientate the eradication strategy
toward a more pragmatic control approach until
the end of the XX century. In more recent years, the
availability of the highly effective artemisinin-based
anti-malarial combination therapies and of a promising vaccine strategy has rekindled hope in the possible future eradication of this ancient scourge.
As a matter of fact, as a result of the large-scale implementation of early diagnosis and treatment, coupled
with the use of impregnated bed-nets residual insecticide spraying, malaria cases had dropped from 241
million (year 2000) to 224 million (2015) and malaria
deaths had dropped from 896.000 (2000) to 562.000
(2015). Unfortunately, the decreasing trend in the
burden of malaria cases and deaths has thereafter
stopped. Furthermore, the disrupting of the fragile
health systems of the malaria endemic Countries
caused by the COVID-19 pandemic will most probably have a profound impact on the global malaria
control program worldwide with significant delay in
reaching the goals pre-defined by the UN 2030 Agenda (Formenti et al., 2022). COVID-19 pandemic has
heavily affected health systems in low-income countries, leading to the disruption of many control programs due to both reallocation of external funding
and reduced access to the health facilities (Aborode
et al., 2021) with frequent shortage of antimalarial
drugs. At least one third of malaria endemic countries have experienced some level of negative impact
on malaria operational activities, including impreg-

nated nets distribution, insecticide residual spraying
and seasonal chemoprophylaxis campaigns (WHO,
2021a). As a consequence, some malaria endemic
country have documented a substantial increase in
malaria incidence and mortality, such as Zimbabwe
where an excess 30.000 malaria cases have been reported in the first half of 2020 compared to previous
years (Gavi et al., 2021).
In 2020, according to WHO World Malaria Report,
as many as 241 million cases of malaria and 627.00
malaria related deaths have been reported from 85
endemic countries. Of note, as many as 94.6% of cases and 96% of deaths occurred in the African continent. In particular, the top-five malaria cases reporting countries are Nigeria (26.8%), the Democratic
Republic of the Congo (12.0%), Uganda (5.4%), Mozambique (4.2%) and Angola (3.4%) that cumulatively accounted for over 50% of all cases. The top-five
malaria deaths reporting countries in 2020 were Nigeria (31.9%), the Democratic Republic of the Congo
(13.2%), the United Republic of Tanzania (4.1%), Mozambique (3.8%) and Uganda (3.5%) that cumulatively accounted for over 55% of all deaths (WHO, 2021b).
The striking differences in malaria burden reflect
the different distribution of malaria parasite (Table
2) and Anopheles vectors, as well as inequalities in
access to health and health system performances.
Malarious areas are usually subdivided according
to their intensity of transmission and splenic index
(proportion of children 2-9 years old with splenomegaly) into:

Table 2 - Geographical distribution of human plasmodia and malaria competent vectors by Region.
Regions
West Africa
Central Africa
East and southern Africa

Americas
Eastern Mediterranean Region

South-East Asia

Western Pacific Region

From WHO, 2021b, modified.
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Prevalent plasmodium species
Population at risk: 404 million
Parasites: P. falciparum (almost 100%) and other (<1%)
Main Vectors: An. funestus s.l., An. gambiae s.l., An. arabiensis; An. sergentii s.l.
Population at risk: 191 million
Parasites: P. falciparum (100%)
Main Vectors: An. arabiensis, An. funestus s.l., An. gambiae s.l.
Population at risk: 370 million
Parasites: P. falciparum (almost 100%), P. vivax (<1%) and other (<1%)
Main Vectors: An. arabiensis, An. funestus s.l., An. gambiae s.l., An. gambiae s.s.,
An. nili, An. stephensi s.l.
Population at risk: 141 million
Parasites: P. vivax (75%), P. falciparum and mixed (25%) and other (<1%)
Main Vectors: An. albimanus, An. darlingi, An. braziliensis
Population at risk: 507 million
Parasites: P. falciparum and mixed (74%), P. vivax (26%) and other (<1%)
Main Vectors: An. arabiensis, An. funestus s.l., An. gambiae s.s., An. maculipennis s.l.,
An. sacharovi, An. sergentii, An. stephensi and An. superpictus s.l.
Population at risk: 1.65 billion
Parasites: P. falciparum and mixed (60%), P. vivax (39%) and other (<1%)
Main Vectors: An. stephensi s.l., An. dirus s.l., An. albimanus, An. culicifacies s.l.
An. fluviatilis, An. maculatus s.l., An. minimus, An. sundaicus s.l.
Population at risk: 771 million
Parasites: P. falciparum and mixed (70%), P. vivax (30%) and other (<1%)
Main Vectors: An. balabacensis, An. dirus s.l., An. maculatus s.l., An. minimus s.l.,
An. punctulatus s.l., An. sinensis s.l. and An. sundaicus s.l.
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– Hypoendemic, where transmission is slow and the
splenic index is below 10%.
– Mesoendemic, where transmission is variable and
splenic index is between 11-50%.
– Hyperendemic, where transmission is intense but
seasonal and the splenic index is between 50-75%.
Adults may suffer from malaria due to insufficient
immunity acquisition during childhood.
– Holoendemic, where transmission is intense and
perennial, with splenic index above 75%. Adults
rarely undergo severe episodes of malaria due to
immunity acquisition during childhood.
A special note deserves the phenomenon of imported
malaria, because of increased human mobility from
malarious endemic areas to malaria free regions. In
Europe, in 2019, as many as 8.641 malaria cases were
officially notified to the European Centre for Disease
Prevention and Control (ECDC, 2021), a stable trend
in the last five years. The leading reporting Countries
were France (2.840), the United Kingdom (1.706),
Germany (993), Italy (792) and Spain (783), with a
large prevalence of P. falciparum (88.2%) among the
cases for whom the species was reported. Overall
case-fatality resulted to be 1.2%. Due to the presence
of malaria competent vector especially in Southern
Europe (An. atroparvus, An. labranchiae, An. superpictus, A. sacharovi), the occurrence of 4 proven
vector-born indigenous cases (Germany, 2; Greece,
2) is of particular concern. Mathematical modelling
suggest that expected climate changes may further
boost the possibility of European anopheles vectors
to transmit malaria even in central and northern European countries (Hertig, 2019).

Clinical manifestations and pathophysiology
of malaria
Clinical uncomplicated malaria is defined by the
presence of symptoms and Plasmodium asexual
forms in blood (any parasitological test), in the absence of clinical or laboratory signs of severity or vital organ dysfunction (WHO, 2022).
As mentioned above, the clinical phenotype of the
malaria access in the single individual is the result
of many interacting factors, both related to the parasite and the host, such as parasite genetic diversity,
human polymorphisms, human immune response,
number of prior infections, and exposure profile
and environmental determinants, coinfections, comorbidities and delay in treatment. The cascade of
events leading to uncomplicated, complicated and
even life-threatening clinical manifestations of P. falciparum and P. vivax infections is exemplified below.
The key pathogenic event that triggers and characterizes the clinical manifestations of the various
forms of malaria is represented by the invasion of
erythrocytes by the merozoites of malarial plasmodia. As the parasite continues his asexual life cycle

with trophozoite development, schizont rupture over
24 to 72 hours and erythrocyte reinvasion by merozoites, the level of parasitaemia increases. The concomitant release of haemozoin and other substances
induces an innate immune response with production
of cytokines with pro-inflammatory and anti-inflammatory action leading to the non-specific systemic
symptoms (fever, arthromyalgia, headache) of malaria paroxysm, the so called malaria attack. Fever
is initially irregular, as the periodic pattern (daily,
tertian, quartan) only appears after a few cycles, also
depending on the immune status of the host and
self-medication. Anaemia is typically present as well
as thrombocytopenia, usually more pronounced in
P. falciparum and P. vivax infections where values
below 100.000 platelets/µl are frequently observed.
Anaemia develops by three main mechanisms:
1) intravascular haemolysis of, but not limited to,
infected red blood cells (iRBC) (lysis of iRBC releases metabolites; endothelium damage brings
to nitric oxid synthesis; TNF-α contributes to increase free radicals);
2) increased clearance of iRBC (structural and functional changes of iRBC with reduced deformability and externalization of markers that enhance
the macrophagic clearance, especially in spleen);
1) decrease in RBC production through dysregulated erythropoiesis (among other mechanisms under investigation, increased level of haemozoin,
TNF-α, nitric oxid, nitric oxid-mediated apoptosis in CD34+ cells and reduced level of erythropoietin; hepcidin liver production due to excess
of citokines interferes with iron absorption and
metabolism) (Balaji, Rivedi, 2012; Bohem et al.,
2018; Henry et al., 2020).
Uncomplicated malaria attacks is quite similar
among the different plasmodia species and its severity largely depends on the immunity of the host.
At this point, an adequate anti-malarial treatment or
T- and B-cell adaptive immune responses resulting
in parasite clearance, as may occur in semi-immune
patients, can halt the pathological process. Dysregulation between pro-inflammatory (IL-1β, IL-6, IL-8,
IL-12, IL-17, IFN-γ, and TNF-α) and anti-inflammatory (TGF-β, IL-4, IL-5, IL-10, and IL-13) cytokines is
an important factor in disease progression. Elevated
levels of IL-6, IL-10, TNF-α, IL-12 (p70) are found in
severe cases versus healthy controls and higher levels of IL-6 and IL-10 in severe malaria cases versus
uncomplicated malaria controls (Lyke et al., 2004).
Severe malaria is defined by the appearance of organ
dysfunction, mainly due to peripheral hypoxia, as
summarized in Table 3.
Cytoadherence and rosetting of infected red blood
cells (iRBCs) cause hypoperfusion of several organs with resulting acidosis and renal and liver failure. However, the involvement of the brain and the
lungs are the most dreadful complications with high
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Tabella 3 - Diagnic criteria of severe malaria (WHO, 2014b)*.
P. falciparum

–
–
–
–
–
–
–
–
–
–
–

Clinical criteria

Laboratory criteria

Prostration
Convulsions (>2 /day)
Coma** (GCS <11 in adults or BCS<3 in children)
Respiratory Distress (acidotic breath)
Shock (capillary filling time ≥3 seconds,
with or without systolic hypotension <80 mmHg
in adults o <70 mmHg in children)
R-ray confirmed pulmonary oedema
Spontaneous bleeding
Jaundice
Anuria
Haemoglobinuria (Blackwater fever)
Repeated vomiting

– Anaemia (Hb <70 g/l in adults and <50 g/l
in children)
– Acidosis (base deficit >8 mEq/L or
bicarbonate <15 mmol/L or lactates >5 nM)
– Hypoglicemia (<2.2 mmol/L or <40 mg/dL)
– Renal failure (Cr >3 mg/dL or urea
>20 mmol/L)
– Jaundice (bilirubine >3 mg/dL
if parassitemia >100.000/µl)
– Hyperparassitemia >10%

P. knowlesi

– See P. falciparum
– Inability to take oral therapy

P. vivax

See P. falciparum malaria with exception
of parasitaemia tresholds

See P. falciparum with the following
modifications:
– Jaundice and parassitemia >20.000/µl)
– Hyperparasitemia >100.000/µl

*Presence of asexuate parasites in peripheral blood, and at least one clinical or laboratory criteria in the absence of other known clinical condition that
may justify their occurrence.
**GCS = Glasgow Coma Scale; BCS = Blantyre Coma Scale.

case-fatality rates, being cerebral malaria more frequent in children and Acute Respiratory Distress Syndrome (ARDS) more frequently observed in adults.
Case-fatality rate of severe malaria may be as high
as 20-25%, especially in children and non-immune
individuals. Although severe malaria is more often
observed in P. falciparum infections, P. vivax and P.
knowlesi may also lead to complications and deaths.
Cytokine production, endothelial activation and inflammatory responses, for example in lung (Anstey et
al., 2007), are higher in P. vivax infection compared
to P. falciparum infection. It has been estimated that
the ratio of the loss of parasitized to unparasitized
RBCs is 1:8 in P. falciparum and 1:34 in P. vivax
(Jakeman et al., 1999; Douglas et al., 2012). The latter, rarely exceeding 2-3% parasitemia, even in case
of severe diseases, exhibits exclusive specificity to invade reticulocytes, which are highly prevalent in the
haematopoietic tissue of bone marrow and spleen.
These niches are probably the true reservoir of P.
vivax biomass during infection (Brito et al., 2020;
Kho et al., 2021).
In a recent study on uncomplicated vivax malaria
patients from Manaus, Brazil, patients with higher
biomass, measured by quantifying levels of P. vivax
lactate dehydrogenase (PvLDH) independently of peripheral parasitaemia, presented more severe thrombocytopenia and lymphopenia, along with increase
of neutrophils in the peripheral blood and of neutrophil-to-lymphocyte ratio (NLCR) (Silva-Filho et al.,
2021).
Thrombocytopenia levels were found to be inversely
correlated to the number of previous malaria events
(Tovar-Acero et al., 2021). In contrast to WHO, which

considers the same severity criteria for P. falciparum
and P. vivax (WHO, 2020), some endemic countries
uses platelet count (<50.000/µl) and a lower parasitemia threshold (>50.000 parasite/µl) for vivax
severe malaria definition (Ministry of Social Protection, Colombia, 2010). Haematological changes and
disease severity correlate with endothelial cell activation/damage as demonstrated by studies on products of breakdown of endothelial glycocalyx, a gellike layer that covers the endothelium, and maintains
vascular haemostasis, tone and permeability (Barber
et al., 2021).
Although it may also explain P. vivax related ARDS
(Anstey et al., 2007), P. falciparum strains capacity
to cause late stage-iRBC endothelial cells adherence
is ten times higher. De facto, this characteristic prevents iRBCs sequestered in other organs to be removed by spleen. Manifestations of severe malaria
largely depend on the site of sequestration. P. falciparum erythrocyte membrane protein 1 (PfEMP1)
and its ability to bind endothelial protein C receptor
(EPCR) seems to cause the loss of the protein C anti-coagulant function and endothelial cytoprotective
function (Aird et al., 2014), contributing to cerebral
malaria pathogenesis by decreasing blood-brain barrier properties and potentially leading to vasogenic
oedema in cerebral malaria (Wassmer et al., 2017).
Infected RBC-cytoadherence explains also the phenomenon of rosette formation with uninfected RBC
coating iRBCs and allowing them to escape immune
response and causing mechanical occlusion of micro-vessels. On the other side, by avoiding cytoadherence of iRBC, they can have a potential role of
downregulation of tissue damage mechanisms. In an
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evolutionary perspective, this mechanism minimizes
the risk for the parasite to kill the host and compromise its own survival (Lee et al., 2019).

Influence of epidemiology on clinical expression
of malaria
The millennia lasting co-evolution of Plasmodia-humans-climate, with its phenomena of mutual adaptation and population genetic selection, has led to a
wide variety of clinical profiles of malaria. Disease
pattern is influenced by the species and different epidemiological conditions.
The oldest anthroponotic specie, P. malariae, adapted
to humans for a long-long period in pre-agricultural
era, probably reached the widest worldwide distribution thanks to its capacity to survive at temperate climate. In endemic areas, it was the cause of
mild, mainly self-limiting disease that, in Europe,
took the name of “benign quartana” because of the
typical fever periodicity. Adapted to humans when
hunters and gatherers mobile small groups had low
probability to meet and share vectors and parasites,
it is able to maintain, in untreated infections, a low,
sub-microscopical, asymptomatic parasitemia for
decades while subtly potentially leading to longtime
deadly nephrotoxicity. On the other side P. knowlesi,
morphologically undistinguishable from P. malariae, naturally infecting human primates and causing
only human zoonotic infection in Malaysia and some
other areas of South-East Asia, generates symptoms
even at low parasitaemia and can also produce high
parasitic burden with multiorgan failure, and death.
However the higher morbidity and mortality of malaria is linked to P. falciparum, the youngest anthroponotic plasmodium who shared its life cycle with humans 4-10 thousands years ago when agricultural era
led to an increase of human density and consequent
anthropophilization of mosquito vectors in Africa.
Here it still causes 98% of global malaria cases. As
host-parasite repeated exposition leads to semi-immunization, children, who have not yet acquired it,
and pregnant women, in their immunotolerant temporary status, pay the major burden of disease with
about 600.000 deaths per year. Different endemic patterns, described by spleen-rate or, in a more standardized way, by parasite rate in 2-9 years old children
(PfPR 2-10), modulate the development of immunization and, as a consequence, the age pattern of severe
malaria. A recent paper from East Africa, evaluating
the potential impact of vector control and chemoprevention programs, studied the relationships between
community parasite density and hospital admission
rate for severe malaria in children by clinical phenotypes. The results show a direct positive correlation
between community parasite density and incidence
of life threatening anaemia and of respiratory distress. On the contrary, the different level of exposure
did not influence admission for cerebral malaria,

whose incidence, however, remained low. Each 25%
reduction of PfPR2-10 parasite rate halved the hospitalization rate. The mean age of severe malaria cases
proved to be higher in low transmission setting (43
vs 21 months in high transmission areas) but this did
not translate in an increased lifetime risk because in
all considered endemic settings a clinical immunity
seems to be reached before age 6 (Paton et al., 2021).
As a consequence, in high-endemic settings, despite
high prevalence of infection (up to 50%) (Badiane et
al., 2021) severe malaria and death from malaria is
negligible above 15 years of age (Kamau et al., 2020),
while in low malaria transmission settings a shift of
diseases towards older age groups and small epidemic clusters of infections are observed (Smith et al.,
2021). Clinical malaria in adults may occur in areas
with unstable transmission such as African highlands
or Asian and American countries or in travellers from
non-endemic areas (imported malaria) (Zanotti et
al., 2018), where VFR children pay the highest tribute (Comelli et al., 2021). Comparative differences
between the two sympatric sub-species of imported
P. ovale infections have recently been described (Rojo-Marcos et al., 2018). Severe cases in adults may
present with cerebral malaria, hypoglycaemia, and
anaemia, but a multi-system disorder is more often
observed with marked renal and hepatic dysfunction
or with respiratory distress due to pulmonary oedema, which rarely occur in children.
Despite being usually considered milder than P. falciparum malaria and for this reason called “tertian
benign”, P. vivax malaria has a particular impact on
young children and pregnant women as well and may
cause severe illness. According to a recent metanalysis (Phyo et al., 2022) 0.7% of all P. vivax infections
may evolve into severe forms with overall 0.01% case
fatality rate.
Studies from Papua New Guinea, where P. falciparum
and P. vivax co-exist, show that children hospitalized
with P. vivax malaria had a 3.4% case fatality rate
within one month, rising to 15% if undernourished
(Rodrıguez-Morales et al., 2006). Thrombocytopenia,
severe anaemia, pulmonary oedema and renal impairment have been often reported as a complication
of severe P. vivax malaria even in travellers (Saleri et
al., 2006), whereas cerebral malaria is rare.

Immune response to plasmodium infection
As already mentioned, repeated exposures to Plasmodium induce an immunological protection even if
not a sterilizing one, the so called semi-immunity or
premunition. It is a state of asymptomatic immune
control, a disease-immunity or clinical tolerance,
characterized by low-level asexual parasitemia and
balanced inflammatory immune reactions.
If not boosted by repeated reinfections, as it is the
case in migrants from endemic to non-endemic areas, semi-immunity gradually vanishes, however
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mitigating clinical manifestations of newly acquired
infection for at least 10-15 years (Colbourne 1955;
Chougnet et al., 1991; Pistone et al., 2014). Furthermore, a study observing malaria incidence stratified
by age in Madagascar highlands, during an outbreak
about twenty years after successful malaria control,
suggested a long lasting immunological memory
(Deloron, Chougnet, 1992).
Immune effector mechanisms are, so far, only partially clarified and known. Their complexity is not surprising and, on the contrary almost expected considering parasite life cycle, with different development
stages and forms, both extracellular and intracellular
in different cell types, expressing different sets of its
thousands genetic pool at a particular time. Since
the early ’60s, the importance of antibodies against
malaria was supported by studies with adults’ hyper
immune serum administered to sick children (Cohen
et al., 1961). However protective effects of mother
to foetus passively transferred antibodies is still under debate (Branch et al., 1998; Reynaldi et al., 2019;
Kurtis et al., 2019; Pincelli et al., 2021).
High antibody titres in young children in endemic
areas, are not associated with protection from malaria. Antibodies against P. falciparum blood stages
invariably appear during acute malaria episodes and
rapidly increase in titres, being positively correlated
to malaria transmission levels in the area. The same
pattern of rapid increase and subsequent decrease of
antibody titer is observed during and after imported malaria cases in non-immune travellers (Bisoffi
et al., 2020). For P. falciparum, in vivo population sero-profiling studies (Daou et al., 2015; Adamou et al.,
2019), as well as other approaches applying machine
learning techniques to “omics” datasets (transcriptomics, metabolomics, proteomics, metagenomics,
etc.) (Proietti et al., 2016), are trying to identify those
serological profiles associated with protection and
those only signalling previous exposure. Recently,
IgG responses against a small set of 15 P. falciparum
antigens accurately predicted (86% accuracy, 88%
sensitivity, 82% specificity) individual’s immune status in a cohort of under 5 years old children passively
followed up over one year including dry and wet seasons in northern Ghana (Proietti et al., 2020).
However, despite easier to test, humoral response is
only the partial epiphenomenon of adaptive immune
response to P. falciparum. Efforts are being made to
understand antibody-mediated mechanisms, in particular to control disease-linked blood stages of the
parasite, to prevent sporozoites from invading hepatocytes or gametocytes from sequestering in the bone
marrow (Moorman et al., 2019). Studies on B-cell response to Plasmodia are of increasing interest also
to understand the process that leads to long-lasting
memory but also dysfunctional conditions generating exhausted-B cells or polyclonal B-cell activation
and hypergammaglobulinemia (Pérez-Mazliah et
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al., 2020). But in the symphony of the protective response to plasmodia, other important orchestral actors play a role. Studies in humans have shown that
activation of Th2- T follicular helper cells correlated with the development of antibodies required for
protective immunity (Chan et al., 2020). Protection
against the pre-erythrocytic/intracellular stage appears to be primarily mediated by T-CD8+ cytotoxic cells by the production of cytokines, nitric oxide
and interferon gamma (IFN-γ) as demonstrated in
mice models (Mandala et al., 2021). On the contrary,
RTS/S vaccine, expressing circumsporozoite surface
protein, elicits CD4+ T cells action in conjunction
with antibody responses (White et al., 2013).
Apart from adaptive immunity, in the last decades
innate immunity involving macrophages and monocytes, neutrophils, dendritic and natural killer cells
gained consensus as an important player of anti-malaria response. As for other infections, the first reaction to the invading microorganism is started by sensing pathogen-associated and evolutionarily conserved
molecular patterns. In the case of P. falciparum glycosylphosphatidylinositol, key element for the anchorage of merozoites to erythrocyte membrane, but also
parasite DNA and RNA of both liver and erythrocyte
stage and even products of haemoglobin digestion by
parasite (haemozoin) have all been identified as activators of signalling pathways triggering the production of cytokines and chemokines (Gowda, Wu, 2018).
Compared with P. falciparum, much less is known
about the acquisition of immunity to P. vivax, whose
semi-immunity acquisition occurs earlier, irrespective of transmission intensity, leading to a peak burden of malaria in younger age groups in endemic areas (Mueller et al., 2013).
Its biological peculiarities, in particular the tropism
to reticulocytes and the presence of a persisting reservoir in liver cells (hypnozoites), make in vitro culture
hard to be maintained (Bermudez et al., 2018) and
in any case not fully exhaustive. On the other side
much of the available information is still provided
by studies on human controlled infections, starting
from malariotherapy used to treat neurosyphilis
from 1920s to 1940s (Snounou, Pérignon, 2013), up
to most recent studies with mosquito-bite and bloodstage inoculum induced infections used to test vaccine and drugs (Payne et al., 2017).
P. vivax wide genetic diversity (Neafsey et al., 2012)
is another hurdle to vaccine development. Naturally
occurring polymorphism of the Duffy binding protein causes variable sensitivity to antibodies, challenging the effectiveness of the leading candidate
vaccine to prevent the disease-causing blood-stages
(Singh et al., 2018; De et al., 2021).

Malaria in pregnancy
A peculiar condition and challenge is malaria infection in pregnancy. An estimated prevalent number of
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about 125 million pregnant women reside in plasmodium endemic areas, half of them in Southeast Asia
and the Western Pacific, where P. falciparum and P.
vivax coexist. Every year malaria affects 25 million
pregnant women (WHO, 2021b).
Clinical manifestations of malaria in pregnancy are
very different in areas of low and unstable transmission versus high and stable transmission but disease
burden can be similar. In low transmission settings,
pregnant women of all parities progress to severe
malaria more frequently and faster than non-pregnant ones (Luxemburger et al., 1997; El Ghazali et
al., 2003) and complications such as hypoglycemia,
ARDS and cerebral malaria are more frequent. In
high P. falciparum transmission settings, malaria in pregnancy justifies 25% of maternal deaths
(Schantz-Dunn et al., 2009). Younger and primi-secundigravidae are at greater risk, compared to multigravidae, of severe malaria but also of anaemia
linked to asymptomatic infections (Matteelli et al.,
1994; Rouamba et al., 2021). Resistance to clinical
malaria and to higher parasitemia in multigravidae
has been linked to antibodies against P. falciparum
erythrocyte membrane protein 1 (PfEMP1) variant VAR2CSA, thus preventing their binding to endothelial chondroitin sulphate A (CSA) (Fried at al.,
1996). Sequestration into the syncytiotrophoblast
and in the intervillous space is therefore prevented
(Clark et al., 2019) and, thereby, iRBCs are cleared
by the spleen where adherence is mainly mediated by other endothelial receptors such as CD36 or
ICAM-1.
In placenta, P. falciparum may bind to endothelial
receptors (chondroitin sulphate A - CSA) causing
placental infection that may persist throughout gestation (Cottrell et al., 2005), without a detectable parasitemia, at least by standard diagnostic tools (RDT,
microscopy) (Mayor et al., 2012).
Biomarkers, such as cytokine IL-10 and soluble cytokine receptor sTNF-RII, are under investigation to
allow a more accurate diagnosis of malaria during
pregnancy (Ruizendaal et al., 2017). P. vivax can also
lead to placental changes, but to date no studies have
unequivocally documented the sequestration of P.
vivax infected erythrocytes in the placenta. In P. falciparum, placental malaria is accompanied by infiltration of inflammatory cells, mainly monocytes and
macrophages, with subsequent evidence of ingested
pigment. Evaluation of placenta biopsies stained
with haematoxylin-eosin, classically define different
stages of placental malaria: acute infection (parasites
present, but no pigment), chronic infection (both
parasites and pigment present), past infection (only
pigment present) and no infection (no parasites, no
pigment) (Bulmer et al., 1993). However, this categorization does not consider the degree of placental inflammation and placental insufficiency, which, along
with the chronicity of infection, has been found to

correlate with the risk for the foetus (Clark, 2019;
Ngai et al., 2020).
Malaria in pregnancy is, in fact, also associated with
prenatal, perinatal, and postnatal morbidity including stillbirth, preterm birth, and low birth weight and
congenital malaria leading to an estimated 100.000
neonatal deaths per year (Desai et al., 2007).
According to a recent metanalyisis, P. falciparum increased the odds of stillbirth at 1.81 and 1.95 when
malaria is detected at delivery in peripheral blood or
in placenta respectively. P. vivax malaria increased
the odds (2.81) of stillbirth when detected at delivery
but not when detected and treated during pregnancy
(Moore et al., 2017).
The association between P. falciparum malaria in
pregnancy and stillbirth has been reported to be two
times greater in areas of low-to-intermediate endemicity than in areas of high endemicity (1.96). In
Africa, about one third of preterm births (Steketee
et al., 2001) and one out of five low birth weight newborns are due to malaria in pregnancy. Preterm newborn infants are four times more likely to die during
the neonatal period and infancy (Abdel Razeq et al.,
2017). It is estimated that malaria in pregnancy in
33 African Countries resulted in 819.000 low birthweight neonates, with 54.1% of them being born in
West Africa (WHO, 2021b). They have an infant mortality rate 77 times higher than normal-weight babies
(WHO, 2014a). Malaria in pregnancy impairs also infant growth and increases non-malaria, respiratory
and gastrointestinal, infections during the first year
of life (De Beaudrap et al., 2016).
Congenital malaria is defined as the presence of asexual P. falciparum parasites in the cord blood or peripheral blood of an infant during the first 7 days of
life (Loke et al., 1982). Transfusion of maternal iRBC
to the foetal circulation during pregnancy or direct
invasion in the chorionic villi during premature
separation of the placenta are among the poorly understood physiopathological mechanisms causing it
(Menendez, Mayor, 2007). Its prevalence is higher in
areas with unstable malaria transmission (16.8% vs
3.5% in stable transmission areas) (Bilal et al., 2020).
Although the infected newborn is usually asymptomatic at birth (Saghir et al., 2020), clinical manifestations frequently appear within 10-30 days after.
Reported clinical manifestations in endemic areas
consist of anaemia, fever, hepatosplenomegaly, hypotonia (poor feeding, lethargy), irritability, jaundice
and severe thrombocytopenia. The low propensity of
evolution towards severe forms in the neonatal period can be due to many factors including poor parasite growth in hemoglobin F-containing red blood
cells (Amaratunga et al., 2011) and low levels of para-aminobenzoic acid (PABA), required for de novo
folate synthesis by Plasmodium, and presence of other inhibiting factors, lactoferrin and secretory IgA, in
breast milk (Kassim et al., 2000). Children with high
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Figure 1 - 1a: Thin film: P.
falciparum trophozoites. 1b:
Thin film: P. malariae trophozoite. 1c. Thin film: P.
vivax trophozoites. 1d. Thin
film: P. ovale trophozoites.

cord-blood anti-Plasmodium falciparum Schizont
Egress Antigen-1 (PfSEA-1) had 51.4% fewer cases of
severe malaria compared to the ones with lower anti-PfSEA-1 levels over 12 months of follow-up (Kurtis et al., 2019). Recent studies show that the foetus
when still in utero starts a functional adaptive immune response to malaria antigens that may protect
against postnatal infection (Feeney, 2020).
Currently, to reduce malaria burden in pregnancy
and its associated complications, WHO recommends
intermittent presumptive treatment (IPTp) of pregnant women in high malaria-endemic regions of Africa with sulfadoxine-pyrimethamine (SP) (WHO,
2012). It is administered without prior malaria laboratory testing and aims to protect against subsequent
infection, for a limited post-treatment duration. Recent evidence indicates that IPTp may not protect
against pre term birth, especially for infections that
occur early in gestation and in HIV infected women
(Walker et al., 2017; McDonald et al., 2019).
In areas with increasing SP resistance, IPTp may prove
ineffective (Minja et al., 2013) and other preventive
strategies are under evaluation (Kabuya et al., 2021).

(Nkonya et al., 2016). Light microscopy of Giemsa
stained blood slides remains the gold standard for
symptomatic malaria: thick and thin film examination by a competent microscopist allows demonstration of parasites, species identification and parasitaemia quantification with its prognostic information.
(Figures 1a-d and 2). Parasitaemia clearance monitoring is essential to assess therapeutical efficacy.
However, it is time-consuming, it requires equipment maintenance and continuous training to guarantee expertise. Limit of detection (LOD) is 10-500
parasites/microliter depending on microscopist expertise and parasite species. Even in endemic areas
agreement between expert microscopists and health
centres laboratories was reported to be only 50-60%,
especially in case of non-falciparum parasites (Gidey et al., 2021). Easy to use, easy to interpret, chromatographic rapid diagnostic tests (RDTs) are more
affordable in endemic areas. They are mainly based
on combination of dye-label monoclonal antibodies

Diagnosis
Clinical malaria, in endemic areas, should be suspected in any patient reporting fever and in any children
with anemia in stable transmission settings (WHO,
2020). Here, the association between fever and malaria was so obvious to lead to empirical antimalarial
treatment to cure or to rule it out. However, since
2010 WHO recommends to confirm any suspected
malaria case with a parasitological test whose result
has to be available within 2 hours of patient presentation. In reduced malaria burden settings, clinical diagnosis has a positive predictive value as low as 37%

Figure 2 - Thick film: P. falciparum trophozoites.
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detecting histidine-rich protein-2 (HRP-2), an antigen released only by P. falciparum during schizogony,
and aldolase or LDH. The latter can be specific for P.
vivax or common to all species. Despite some variability among different RDT brands, average sensitivity for P. falciparum is 94.8% (93.1% to 96.1%) (Abba
et al., 2011) but lower, around 80%, for non-falciparum malaria (Abba et al., 2014) in symptomatic patients in endemic areas. Plasmodium falciparum with
HRP2/3 deletion are not detected with consequent
impact on test sensitivity. Extended use of RDTs to
diagnose and treat P. falciparum malaria can act a
selective pressure leading to the spreading of these
strains (Watson et al., 2017). RDTs specificity for diagnosis of asexual parasitemia is undermined by the
slow clearance of HRP2 that can remain detectable
for more than 36 days after treatment (Dalrymple et
al., 2018). Persistent positivity of pLDH is of shorter duration but, in any case, it lasts more than 10
days and can be due to the persistence of mature
malaria gametocytes. Microscopy and RDT, despite
the above mentioned limitations, are appropriate for
clinical case management. Instead, malaria elimination strategies require identification of asymptomatic low parasite infections. Ultrasensitive RDTs have
been developed with a ten-fold lower LOD in laboratory setting (Das et al., 2017). Their use on the field,
in mass testing and treatment interventions, is still
under investigation (Mwesigwa et al., 2019). Nucleic
acid amplification tests (NAATs) detect very low parasite density (as low as 0.002-0.02 parasites/microliter in the case of RT-PCR). Quantitative PCR and
comparison with standard curves can, on the other
hand, quantify parasitemia. Molecular approach can
target asexual or sexual parasite stages. It can distinguish recrudescence from new infection. It is used to
identify drug resistant strains. However its cost and
complexity make it usable almost only for research
purpose or for diagnosis in non-endemic setting
(Calderaro et al., 2021). Among these tools, loop-mediated isothermal amplification (LAMP), requiring
less sophisticated equipment and technical expertise,
is nowadays the only one showing advantages in resource-limited settings (Varo et al., 2021). It can also
be applied to nucleic-acid extracted from dried blood
containing filter papers (DBs) with only a small increase in LOD compared with whole blood clinical
sample (25-100 vs 25 parasites/microliter) (Mohon
et al., 2019). Its speed and easy use make it appropriate also in non-endemic Countries, where laboratories can hardly guarantee 24/7 presence of expert
microscopists. At a single-temperature (60-65°C) and
without a heat denaturation step, it can amplify genetic materials that precipitate causing increase in
turbidity of solution allowing visual or colorimetric
or fluorescent dye identification of positive samples
in less than an hour. In-house or commercial LAMP
assays, mainly targeting 18S rRNA and mitochon-

drial DNA, can detect pan genus Plasmodium and/
or differentiate P. falciparum species. More recently,
species specific diagnosis is under assessment using
other non-ribosomal multicopy targets in P. vivax
(Pvr47 and COX1) and P. falciparum (Pfr364 and
EMP1) (Nolasco et al., 2021). With its high negative
predictive value (99.6-100%), a pan genus LAMP test
is proposed as first screening test in non-endemic
setting. Only in case of positive result, blood microscopy remain mandatory to identify the species and
evaluate parasitaemia (Antinori et al., 2021).

Treatment
Malaria is a potentially fatal disease, requiring early diagnosis and treatment, especially in children,
pregnant women and non-immune individuals. Unfortunately, the use of monotherapy in the past has
led to the widespread emergence of drug resistance
to the few antimalarial drugs available. Since the
demonstration of the higher effectiveness of artemisinin based combinations (ACT) in the early years of
the new millennium (Adjuik et al., 2004), ACT has
become the standard of care to treat uncomplicated
P. falciparum malaria according to WHO. Artimisinin
derivatives (artesunate, artemether, arteheter) acts
very rapidly via the common active metabolite dihydroartemisinin, decreasing the parasitic burden by
a factor of 10.000 at each cycle, leaving the residual
parasites under the action of high concentrations of
the companion drug, thus reducing the probability
that resistant strains can survive (White, 2008).
The choice of the appropriate treatment of malaria
must be guided by the following factors:
1) plasmodium species;
2) the presence of signs of severity;
3) the immune status of the host;
4) the geographical area of acquisition of the infection.
Guidelines for the treatment of malaria have been
recently revised by the World Health Organization
(WHO, 2022), that suggest the use of the following
artemisinin bases combinations for the treatment of
uncomplicated falciparum malaria (see table 4 for
dosages):
– artemether + lumefantrine;
– artesunate + amodiaquine;
– artesunate + mefloquine;
– artesunate + sulfadoxine/pyrimethamine;
– dihydroartemisinin + piperaquine.
The European Society of Clinical Microbiology and
Infectious diseases has published in 2012 the guidelines for the treatment of imported malaria (Askling
et al., 2012).
Artemisinin combination treatment is the most active weapon we actually have to save lives and to
counteract the spread of P. falciparum resistance.
Resistance is driven by many factors including the
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Table 4 - Dosages of WHO recommended drugs for the treatment of uncomplicated P. falciparum malaria. (WHO,
2022)*.
Artemether-lumefantrine (two doses/day)
Fixed dose tablets 20/120 mg
Artesunate-amodiaquine (one dose/day)
Fixed dose tablets: 25/67,5 mg or 50/135 mg or 100/270 mg
Artesunate-mefloquine (one dose/day)
Fixed dose tablets: 25/55 mg (children) or 100/220 mg
Artesunate plus sulfadoxine-pyrimethamine
(one daily for artesunate, single dose on day 1
for sulfadoxine-pyrimethamine)
Tables artesunate 50 mg and tablets sufadoxinepyrimethamine 500/25 mg.
Dihydroartemisinin-piperaquine (one dose/day)
Fixed dose tablets: 20/160 mg (children)
or 40/320 mg (adults)

Dose by weight
5-14 kg: 20/120 mg
15-24 kg: 40/240 mg
25-34 kg: 60/360 mg
>34 kg: 80/480 mg
4.5-8 kg: 25/67.5 mg
9-17 kg: 50/135 mg
18-35 kg: 100/270 mg
≥36 kg: 200/540 mg
5-8 kg: 25/55 mg
9-17 kg: 50/110 mg
18-29 kg: 100/220 mg
≥30 kg: 200/440 mg
Artesunate Sulfadoxina- pyrimethamine
(dose/die)
(day 1 only)
5-9 kg
25 mg
250/12.5 mg
10-24 kg
50 mg
500/25 mg
25-49 kg
100 mg
1000/50 mg
≥50 kg
200 mg
1500/75 mg
5-7 kg: 20/160
8-10 kg: 30/240
11-16 kg: 40/320
17-24 kg: 60/480
25-35 kg: 80/640
36-59 kg: 120/960
60-79 kg: 160/1280
80 kg: 200/1600

*Duration of treatment: 3 days.

over-the-counter selling of counterfeit suboptimal
drugs in many low-income malaria endemic Countries (Bassat et al., 2016) and by the use of Artemisia
annua in the prevention of malaria and COVID-19
(Ataba et al., 2021). However, disturbingly, resistance to artemisinin derivatives has been reported in
South-East Asia in the Great Mekong region, due to
the dominant haplotype PfKelch13 C580Y mutation
(Imwong et al., 2017). Resistant imported cases of
ACT resistant P. falciparum strains from South East
Asia have also been reported (Dell’Acqua et al., 2017).
Of even more public health importance is the appearance of artemisinin resistant strains in the African
continent, recently reported (Balikagala et al., 2021),
reinforcing the need of urgent action to control the
counterfeit drug market and to promote the correct
clinical case management in the health systems.
Chloroquine resistant P. vivax strains are also reported with increasing frequency in Indonesia, Papua
New Guinea, Timor Leste and South America, making the treatment of such parasitic infection a challenge for the future (Buyon et al., 2021).
Intravenous artesunate has proved more effective
than intravenous quinine to prevent deadly complications to falciparum malaria both in Asia (Dondorp et
al., 2005) and African children (Dondorp et al., 2010),
with a reduction in mortality rates ranging from 22%
to 35%. Unfortunately, intravenous artesunate is not
licensed in most non-endemic countries, making se-

vere imported malaria cases difficult to treat with
such drug. Positive experiences with the combination
quinine-artesunate have also been reported (Botta et
al., 2022). Pre-referral rectal artesunate to treat children with severe malaria in remote areas has also
proved effective (Okebe, Eisenhut, 2014).
The treatment of uncomplicated P. malariae, P. vivax
and P. ovale, in areas where no resistance is reported,
can still benefit from the schizonticidal effect of chloroquine and primaquine or the new compound tafenoquine to kill hypnozoites of P. vivax and P. ovale.
Where chloroquine resistance of P. vivax strains is
reported, artemisinin combinations including piperaquine, mefloquine or lumefantrine are the first
choice. P. knowlesi is also usually sensitive to chloroquine. However, due to its pathogenic potential, the
use of rapidly acting ACT must be considered.

The malaria vaccine
During the last 40 years, the development of a safe
and effective anti-malaria vaccine has been one of
the main goals of malaria research, based on the observation that repeated exposures to P. falciparum
can lead to a status of partial immunity, known as
semi-immunity, in children over 5 years of age in holoendemic areas. The main difficulties to develop an
effective anti-malaria vaccine are, among others:
1) the presence of several plasmodia species of human interest;
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2) the complex biological cycle of the parasite, with
many development stages implying an evolving
antigenic profile;
3) the absence of sterilizing immunity even in nature;
4) the presence of latent stages in P. vivax and P. ovale.
The first experimental approach towards P. falciparum infection, the most deadly form of malaria, was
the inoculation of irradiated sporozoites to induce
protective immunity (Nussenzweig, 1980) in volunteers, who were partially protected at rechallenge.
On the same line, initial hope was raised by the use
of the SPf66 circumsporozoite protein that showed
partial protection against P. falciparum in Colombia
(Valero et al., 1993). However, these results were not
subsequently confirmed when the vaccine was tested in children in Africa (D’Alessandro et al., 1995)
and South-East Asia (Nosten et al., 1996), where
no protective efficacy was demonstrated when tested against placebo. More recently, the strategic approach towards malaria vaccine has addressed 3 different phases of the biological cycle of P. falciparum,
the pre-erythrocytic phase (anti-infection vaccine),
the asexual blood forms (anti-disease vaccine) and,
finally, the sexual stages (anti-transmission vaccine).
The first strategic approach has led to the development of the RTS/S vaccine, based on the circumsporozite protein of P. falciparum conjugated with two
HBsAg molecules to serve as carriers and using the
AS01 adjuvant to improve immunogenicity. The various phase II studies have demonstrated partial protective immunity in children of various age groups in
Mozambique (Alonso et al., 2005), Tanzania (Abdulla
et al., 2008), also in combination with the standard
vaccines of the Expanded Programme on Immunization (Aponte et al., 2007). However, the persistence of
such immunity soon proved limited, vanishing after
3 years of follow-up (Bejon et al., 2013). A large phase
III randomized controlled trial was then implemented in 11 African sites with different malaria endemicity enrolling over 15.000 children in the two age
groups (6-12 weeks and 5-17 months), showing 27%
and 46% protection respectively against all clinical
forms of malaria at 18-month follow-up (RTS/S Clinical Trial Partnership, 2014). When a booster dose
was added to the three-dose primary cycle, protection against clinical and severe malaria was observed
in 36.3% and 32,2% respectively in the 5-7 month age
group after 48-month follow up. No satisfactory protection was obtained in the 6-12 weeks age group.
(RTS/S Clinical Trial Partnership, 2015). On the basis
of such partially positive results, the World Health
Organization has suggested a pilot implementation
phase in three African countries (Ghana, Kenya and
Malawi), where as many as 360.000 children over 5
years of age had to be vaccinated with the 4-dose cycle of the vaccine. At the end of the pilot phase, WHO
has approved the use of the vaccine in 2021. The use

of the vaccine in childhood, with its vanishing effectiveness over time, will probably shift the age of clinical malaria at an older age, requiring the persistent
adoption of all other preventive measures even in areas with high vaccine coverage (Castelli, 2020).
The second strategic approach is addressed to the
asexual forms of the parasite, with the aim to impede the development of symptoms. The most studies targets of the experimental vaccines to date are
the Merozoite Surface Protein 3 (MSP3) and the Glutamic-acid-rich protein (PfGARP) of P. falciparum.
Available studies have shown the activity of antibodies against MSP3 and PfGARP in reducing parasitemia levels in humans and primates (Salamanca
et al., 2019).
The third approach aims at reducing the infectivity
of sexual stages, preventing the gametocytes to complete the sexual cycle in the gut of the anopheles vector. The experimental vaccine Pfs25-EPA/Alhydrogel
seems to be the most promising agent to date according to in vitro studies (Talaat et al., 2016).
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