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INTRODUCTION AND HISTORICAL 
NOTES

Malaria (from the Italian “mal aria” meaning un-
healthy air) is a potentially fatal parasitic disease 
whose clinical features are known since many centu-
ries causing sufferance and a high death toll in large 
part of the antique world including large part of Eu-
rope. 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 vec-
tors to insecticides is falling in many endemic areas), 
innovative diagnostic tools and new preventive strat-
egies (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 rapidi-
ty 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 treat-
ment. Finally, the presence of potentially competent 
vectors (Anopheles species) requires careful entomolog-
ical and epidemiological surveillance to prevent the po-
tential 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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SUMMARY

Malaria is long known as a deadly vector borne infection, caused by five parasite species of the coc-
cidian 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 treat-
ment, 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 mor-
bidity 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-en-
demic areas, where malaria competent vectors may still exist.
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animal vertebrate species may be affected by ma-
laria, including primates, birds, reptiles, mice and 
humans. Among the more than 200 species of Plas-
modia, 5 five may be responsible of human malar-
ia, one of which composed by two different sympa-
tric 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 complet-
ed in two different hosts, the Anopheles vector sexu-
al cycle) and the vertebrate (where the intracellular 
pathogenic asexual cycle occurs).
Although various mosquitoes genuses (Aedes, Anoph-
eles, Culex) may be responsible for malaria transmis-
sion, parasites causing human malaria era exclusively 
transmitted by the bite of an infected female of sever-
al 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 Anoph-
eles 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 epide-
miology in different continents. As a rule, however, 
their biting hours are similar as most Anopheles spe-
cies 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).

The biological cycle of human malaria
Following the bite by an infected female Anopheles 
mosquito, humans are inoculated by thousands of 
sporozoites of a single (or possibly more) plasmo-
dium 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-

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 plasmo-
dia in blood is referred to as pre-patent phase. A cer-
tain 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 ma-
laria 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 spe-
cies, 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, pro-
gressively assumes, depending on the immune status 
of the host and in the absence of therapeutic inter-
vention, a periodic pattern according to the species 
of the infecting plasmodium (Table 1). 
Sexual forms (male and female gametocytes) pro-
gressively emerge from genetically primed mero-
zoites. At this stage the patient become potentially 
infective if a competent vector has a blood meal 
allowing the ingestion of the sexual forms that in-
itiate 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.

Epidemiology
After the successes obtained by the massive cam-
paigns to eradicate malaria in southern Europe af-
ter the Second World War (Italy was declared ma-
laria-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 treat-
ment of cases and on the mass use of insecticides. 
Unfortunately, the large scale emergence of resist-
ance of parasites to most used drugs and of a pro-

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

P. falciparum P. vivax P.o. wallikeri
P.o. curtisi P. malariae P. knowlesi

Hypnozoites No Yes Yes No No
Mean incubation period 11 days (9-14) 14 days (12-18) 17 days (16-20) 28 days (18-40) 11 days (9-12)
Erythrocytic stage infected All stages Reticolocytes Reticolocytes Mature stages Young stages
Schizogonic cycle in 
erythrocytes (hours) 36-48 48 48 72 24

Type of malaria Tertian Tertian Tertian Quartan Daily
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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 prom-
ising vaccine strategy has rekindled hope in the pos-
sible future eradication of this ancient scourge.
As a matter of fact, as a result of the large-scale imple-
mentation of early diagnosis and treatment, coupled 
with the use of impregnated bed-nets residual insec-
ticide 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 prob-
ably have a profound impact on the global malaria 
control program worldwide with significant delay in 
reaching the goals pre-defined by the UN 2030 Agen-
da (Formenti et al., 2022). COVID-19 pandemic has 
heavily affected health systems in low-income coun-
tries, leading to the disruption of many control pro-
grams 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 coun-
tries 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 re-
ported 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 cas-
es and 96% of deaths occurred in the African conti-
nent. In particular, the top-five malaria cases report-
ing countries are Nigeria (26.8%), the Democratic 
Republic of the Congo (12.0%), Uganda (5.4%), Mo-
zambique (4.2%) and Angola (3.4%) that cumulative-
ly accounted for over 50% of all cases. The top-five 
malaria deaths reporting countries in 2020 were Ni-
geria (31.9%), the Democratic Republic of the Congo 
(13.2%), the United Republic of Tanzania (4.1%), Mo-
zambique (3.8%) and Uganda (3.5%) that cumulative-
ly 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 spleno-
megaly) into:

Table 2 - Geographical distribution of human plasmodia and malaria competent vectors by Region.
Regions Prevalent plasmodium species

West Africa 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.

Central Africa Population at risk: 191 million
Parasites: P. falciparum (100%)
Main Vectors: An. arabiensis, An. funestus s.l., An. gambiae s.l.

East and southern Africa 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.

Americas 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

Eastern Mediterranean Region 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.

South-East Asia 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.

Western Pacific Region 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.

From WHO, 2021b, modified.
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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. super-
pictus, 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 Eu-
ropean 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 ab-
sence of clinical or laboratory signs of severity or vi-
tal 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 par-
asite and the host, such as parasite genetic diversity, 
human polymorphisms, human immune response, 
number of prior infections, and exposure profile 
and environmental determinants, coinfections, co-
morbidities and delay in treatment. The cascade of 
events leading to uncomplicated, complicated and 
even life-threatening clinical manifestations of P. fal-
ciparum and P. vivax infections is exemplified below.
The key pathogenic event that triggers and char-
acterizes the clinical manifestations of the various 
forms of malaria is represented by the invasion of 
erythrocytes by the merozoites of malarial plasmo-
dia. As the parasite continues his asexual life cycle 

with trophozoite development, schizont rupture over 
24 to 72 hours and erythrocyte reinvasion by mero-
zoites, the level of parasitaemia increases. The con-
comitant release of haemozoin and other substances 
induces an innate immune response with production 
of cytokines with pro-inflammatory and anti-inflam-
matory action leading to the non-specific systemic 
symptoms (fever, arthromyalgia, headache) of ma-
laria 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 re-
leases metabolites; endothelium damage brings 
to nitric oxid synthesis; TNF-α contributes to in-
crease free radicals);

2) increased clearance of iRBC (structural and func-
tional changes of iRBC with reduced deformabil-
ity and externalization of markers that enhance 
the macrophagic clearance, especially in spleen);

1) decrease in RBC production through dysregulat-
ed erythropoiesis (among other mechanisms un-
der investigation, increased level of haemozoin, 
TNF-α, nitric oxid, nitric oxid-mediated apopto-
sis in CD34+ cells and reduced level of erythro-
poietin; 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 severi-
ty 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. Dysregu-
lation between pro-inflammatory (IL-1β, IL-6, IL-8, 
IL-12, IL-17, IFN-γ, and TNF-α) and anti-inflamma-
tory (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 lev-
els 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 or-
gans with resulting acidosis and renal and liver fail-
ure. However, the involvement of the brain and the 
lungs are the most dreadful complications with high 
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case-fatality rates, being cerebral malaria more fre-
quent in children and Acute Respiratory Distress Syn-
drome (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 in-
flammatory 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 lat-
ter, rarely exceeding 2-3% parasitemia, even in case 
of severe diseases, exhibits exclusive specificity to in-
vade 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 pe-
ripheral parasitaemia, presented more severe throm-
bocytopenia and lymphopenia, along with increase 
of neutrophils in the peripheral blood and of neutro-
phil-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 par-
asitemia threshold (>50.000 parasite/µl) for vivax 
severe malaria definition (Ministry of Social Protec-
tion, Colombia, 2010). Haematological changes and 
disease severity correlate with endothelial cell acti-
vation/damage as demonstrated by studies on prod-
ucts of breakdown of endothelial glycocalyx, a gel-
like 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 pre-
vents iRBCs sequestered in other organs to be re-
moved by spleen. Manifestations of severe malaria 
largely depend on the site of sequestration. P. falci-
parum erythrocyte membrane protein 1 (PfEMP1) 
and its ability to bind endothelial protein C receptor 
(EPCR) seems to cause the loss of the protein C an-
ti-coagulant function and endothelial cytoprotective 
function (Aird et al., 2014), contributing to cerebral 
malaria pathogenesis by decreasing blood-brain bar-
rier properties and potentially leading to vasogenic 
oedema in cerebral malaria (Wassmer et al., 2017).
Infected RBC-cytoadherence explains also the phe-
nomenon of rosette formation with uninfected RBC 
coating iRBCs and allowing them to escape immune 
response and causing mechanical occlusion of mi-
cro-vessels. On the other side, by avoiding cytoad-
herence of iRBC, they can have a potential role of 
downregulation of tissue damage mechanisms. In an 

Tabella 3 - Diagnic criteria of severe malaria (WHO, 2014b)*.

Clinical criteria Laboratory criteria

P. falciparum  – 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

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

P. vivax See P. falciparum malaria with exception  
of parasitaemia tresholds

*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.
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evolutionary perspective, this mechanism minimizes 
the risk for the parasite to kill the host and compro-
mise its own survival (Lee et al., 2019).

Influence of epidemiology on clinical expression 
of malaria
The millennia lasting co-evolution of Plasmodia-hu-
mans-climate, with its phenomena of mutual adap-
tation and population genetic selection, has led to a 
wide variety of clinical profiles of malaria. Disease 
pattern is influenced by the species and different ep-
idemiological conditions.
The oldest anthroponotic specie, P. malariae, adapted 
to humans for a long-long period in pre-agricultural 
era, probably reached the widest worldwide distri-
bution thanks to its capacity to survive at temper-
ate 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. malari-
ae, 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 ma-
laria is linked to P. falciparum, the youngest anthro-
ponotic plasmodium who shared its life cycle with hu-
mans 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-im-
munization, children, who have not yet acquired it, 
and pregnant women, in their immunotolerant tem-
porary status, pay the major burden of disease with 
about 600.000 deaths per year. Different endemic pat-
terns, described by spleen-rate or, in a more stand-
ardized way, by parasite rate in 2-9 years old children 
(PfPR 2-10), modulate the development of immuniza-
tion and, as a consequence, the age pattern of severe 
malaria. A recent paper from East Africa, evaluating 
the potential impact of vector control and chemopre-
vention programs, studied the relationships between 
community parasite density and hospital admission 
rate for severe malaria in children by clinical pheno-
types. The results show a direct positive correlation 
between community parasite density and incidence 
of life threatening anaemia and of respiratory dis-
tress. 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 hospi-
talization 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 epidem-
ic 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 trib-
ute (Comelli et al., 2021). Comparative differences 
between the two sympatric sub-species of imported 
P. ovale infections have recently been described (Ro-
jo-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 oede-
ma, which rarely occur in children.
Despite being usually considered milder than P. fal-
ciparum 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 metanal-
ysis (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 im-
pairment 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 Plas-
modium 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 ar-
eas, 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). Further-
more, 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 partial-
ly clarified and known. Their complexity is not sur-
prising and, on the contrary almost expected consid-
ering 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 un-
der 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 ma-
laria. 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 import-
ed malaria cases in non-immune travellers (Bisoffi 
et al., 2020). For P. falciparum, in vivo population se-
ro-profiling studies (Daou et al., 2015; Adamou et al., 
2019), as well as other approaches applying machine 
learning techniques to “omics” datasets (transcrip-
tomics, 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 sta-
tus in a cohort of under 5 years old children passively 
followed up over one year including dry and wet sea-
sons 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 par-
ticular to control disease-linked blood stages of the 
parasite, to prevent sporozoites from invading hepat-
ocytes or gametocytes from sequestering in the bone 
marrow (Moorman et al., 2019). Studies on B-cell re-
sponse to Plasmodia are of increasing interest also 
to understand the process that leads to long-lasting 
memory but also dysfunctional conditions generat-
ing exhausted-B cells or polyclonal B-cell activation 
and hypergammaglobulinemia (Pérez-Mazliah et 

al., 2020). But in the symphony of the protective re-
sponse to plasmodia, other important orchestral ac-
tors play a role. Studies in humans have shown that 
activation of Th2- T follicular helper cells correlat-
ed with the development of antibodies required for 
protective immunity (Chan et al., 2020). Protection 
against the pre-erythrocytic/intracellular stage ap-
pears to be primarily mediated by T-CD8+ cytotox-
ic 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 mono-
cytes, neutrophils, dendritic and natural killer cells 
gained consensus as an important player of anti-ma-
laria response. As for other infections, the first reac-
tion to the invading microorganism is started by sens-
ing pathogen-associated and evolutionarily conserved 
molecular patterns. In the case of P. falciparum glyco-
sylphosphatidylinositol, key element for the anchor-
age 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 acti-
vators of signalling pathways triggering the produc-
tion 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, irrespec-
tive of transmission intensity, leading to a peak bur-
den of malaria in younger age groups in endemic ar-
eas (Mueller et al., 2013).
Its biological peculiarities, in particular the tropism 
to reticulocytes and the presence of a persisting reser-
voir 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 blood-
stage inoculum induced infections used to test vac-
cine 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 pro-
tein causes variable sensitivity to antibodies, chal-
lenging 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 infec-
tion in pregnancy. An estimated prevalent number of 



F. Castelli, L.R. Tomasoni90

about 125 million pregnant women reside in plasmo-
dium 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 transmis-
sion 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-preg-
nant 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, malar-
ia in pregnancy justifies 25% of maternal deaths 
(Schantz-Dunn et al., 2009). Younger and primi-se-
cundigravidae are at greater risk, compared to mul-
tigravidae, 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) vari-
ant VAR2CSA, thus preventing their binding to en-
dothelial 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 mediat-
ed 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 ges-
tation (Cottrell et al., 2005), without a detectable par-
asitemia, at least by standard diagnostic tools (RDT, 
microscopy) (Mayor et al., 2012).
Biomarkers, such as cytokine IL-10 and soluble cy-
tokine 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. fal-
ciparum, placental malaria is accompanied by infil-
tration 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 catego-
rization does not consider the degree of placental in-
flammation 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 includ-
ing 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 in-
creased 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 ende-
micity 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 new-
borns are due to malaria in pregnancy. Preterm new-
born 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 birth-
weight neonates, with 54.1% of them being born in 
West Africa (WHO, 2021b). They have an infant mor-
tality rate 77 times higher than normal-weight babies 
(WHO, 2014a). Malaria in pregnancy impairs also in-
fant 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 asex-
ual P. falciparum parasites in the cord blood or pe-
ripheral 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 un-
derstood 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 asympto-
matic at birth (Saghir et al., 2020), clinical manifes-
tations frequently appear within 10-30 days after. 
Reported clinical manifestations in endemic areas 
consist of anaemia, fever, hepatosplenomegaly, hy-
potonia (poor feeding, lethargy), irritability, jaundice 
and severe thrombocytopenia. The low propensity of 
evolution towards severe forms in the neonatal pe-
riod can be due to many factors including poor par-
asite growth in hemoglobin F-containing red blood 
cells (Amaratunga et al., 2011) and low levels of pa-
ra-aminobenzoic acid (PABA), required for de novo 
folate synthesis by Plasmodium, and presence of oth-
er inhibiting factors, lactoferrin and secretory IgA, in 
breast milk (Kassim et al., 2000). Children with high 
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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 an-
ti-PfSEA-1 levels over 12 months of follow-up (Kur-
tis et al., 2019). Recent studies show that the foetus 
when still in utero starts a functional adaptive im-
mune 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 preg-
nant women in high malaria-endemic regions of Af-
rica with sulfadoxine-pyrimethamine (SP) (WHO, 
2012). It is administered without prior malaria labo-
ratory testing and aims to protect against subsequent 
infection, for a limited post-treatment duration. Re-
cent 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).

Diagnosis
Clinical malaria, in endemic areas, should be suspect-
ed in any patient reporting fever and in any children 
with anemia in stable transmission settings (WHO, 
2020). Here, the association between fever and ma-
laria 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 presenta-
tion. In reduced malaria burden settings, clinical di-
agnosis has a positive predictive value as low as 37% 

(Nkonya et al., 2016). Light microscopy of Giemsa 
stained blood slides remains the gold standard for 
symptomatic malaria: thick and thin film examina-
tion by a competent microscopist allows demonstra-
tion of parasites, species identification and parasitae-
mia quantification with its prognostic information. 
(Figures 1a-d and 2). Parasitaemia clearance moni-
toring is essential to assess therapeutical efficacy. 
However, it is time-consuming, it requires equip-
ment maintenance and continuous training to guar-
antee expertise. Limit of detection (LOD) is 10-500 
parasites/microliter depending on microscopist ex-
pertise 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 (Gid-
ey et al., 2021). Easy to use, easy to interpret, chro-
matographic rapid diagnostic tests (RDTs) are more 
affordable in endemic areas. They are mainly based 
on combination of dye-label monoclonal antibodies 

Figure 1 - 1a: Thin film: P. 
falciparum trophozoites. 1b: 
Thin film: P. malariae tro-
phozoite. 1c. Thin film: P. 
vivax trophozoites. 1d. Thin 
film: P. ovale trophozoites.

Figure 2 - Thick film: P. falciparum trophozoites.
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detecting histidine-rich protein-2 (HRP-2), an anti-
gen 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 varia-
bility among different RDT brands, average sensitiv-
ity for P. falciparum is 94.8% (93.1% to 96.1%) (Abba 
et al., 2011) but lower, around 80%, for non-falcipar-
um malaria (Abba et al., 2014) in symptomatic pa-
tients 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 di-
agnosis 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 short-
er 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 elimina-
tion strategies require identification of asymptomat-
ic low parasite infections. Ultrasensitive RDTs have 
been developed with a ten-fold lower LOD in labora-
tory 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 par-
asite density (as low as 0.002-0.02 parasites/micro-
liter 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 distin-
guish 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-me-
diated isothermal amplification (LAMP), requiring 
less sophisticated equipment and technical expertise, 
is nowadays the only one showing advantages in re-
source-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 in-
crease 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 appro-
priate also in non-endemic Countries, where labora-
tories 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 ge-
netic 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 micros-
copy remain mandatory to identify the species and 
evaluate parasitaemia (Antinori et al., 2021).

Treatment
Malaria is a potentially fatal disease, requiring ear-
ly diagnosis and treatment, especially in children, 
pregnant women and non-immune individuals. Un-
fortunately, 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 artemis-
inin 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 dihy-
droartemisinin, 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 infec-

tion.
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 guide-
lines for the treatment of imported malaria (Askling 
et al., 2012).
Artemisinin combination treatment is the most ac-
tive 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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over-the-counter selling of counterfeit suboptimal 
drugs in many low-income malaria endemic Coun-
tries (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, resist-
ance 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 appear-
ance 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 report-
ed with increasing frequency in Indonesia, Papua 
New Guinea, Timor Leste and South America, mak-
ing the treatment of such parasitic infection a chal-
lenge for the future (Buyon et al., 2021).
Intravenous artesunate has proved more effective 
than intravenous quinine to prevent deadly complica-
tions 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 chil-
dren 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 chlo-
roquine and primaquine or the new compound taf-
enoquine to kill hypnozoites of P. vivax and P. ovale. 
Where chloroquine resistance of P. vivax strains is 
reported, artemisinin combinations including pip-
eraquine, mefloquine or lumefantrine are the first 
choice. P. knowlesi is also usually sensitive to chloro-
quine. 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 ob-
servation 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 ho-
loendemic areas. The main difficulties to develop an 
effective anti-malaria vaccine are, among others:
1) the presence of several plasmodia species of hu-

man interest;

Table 4 - Dosages of WHO recommended drugs for the treatment of uncomplicated P. falciparum malaria. (WHO, 
2022)*.

Dose by weight
Artemether-lumefantrine (two doses/day)
Fixed dose tablets 20/120 mg

5-14 kg: 20/120 mg
15-24 kg: 40/240 mg
25-34 kg: 60/360 mg
>34 kg: 80/480 mg

Artesunate-amodiaquine (one dose/day)
Fixed dose tablets: 25/67,5 mg or 50/135 mg or 100/270 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

Artesunate-mefloquine (one dose/day)
Fixed dose tablets: 25/55 mg (children) or 100/220 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 plus sulfadoxine-pyrimethamine  
(one daily for artesunate, single dose on day 1  
for sulfadoxine-pyrimethamine)
Tables artesunate 50 mg and tablets sufadoxine-  
pyrimethamine 500/25 mg.

Artesunate 
(dose/die)

Sulfadoxina- pyrimethamine 
(day 1 only)

5-9 kg
10-24 kg
25-49 kg
≥50 kg

25 mg
50 mg
100 mg
200 mg

250/12.5 mg
500/25 mg 
1000/50 mg
1500/75 mg

Dihydroartemisinin-piperaquine (one dose/day)
Fixed dose tablets: 20/160 mg (children)  
or 40/320 mg (adults)

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.
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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 na-
ture;

4) the presence of latent stages in P. vivax and P. ovale.
The first experimental approach towards P. falcipar-
um infection, the most deadly form of malaria, was 
the inoculation of irradiated sporozoites to induce 
protective immunity (Nussenzweig, 1980) in volun-
teers, 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 test-
ed in children in Africa (D’Alessandro et al., 1995) 
and South-East Asia (Nosten et al., 1996), where 
no protective efficacy was demonstrated when test-
ed against placebo. More recently, the strategic ap-
proach towards malaria vaccine has addressed 3 dif-
ferent 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 develop-
ment of the RTS/S vaccine, based on the circumsporo-
zite protein of P. falciparum conjugated with two 
HBsAg molecules to serve as carriers and using the 
AS01 adjuvant to improve immunogenicity. The var-
ious phase II studies have demonstrated partial pro-
tective 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 Immuniza-
tion (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 implement-
ed in 11 African sites with different malaria ende-
micity 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 Clin-
ical Trial Partnership, 2014). When a booster dose 
was added to the three-dose primary cycle, protec-
tion 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 pro-
tection 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 cy-
cle 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 effec-
tiveness over time, will probably shift the age of clin-
ical malaria at an older age, requiring the persistent 
adoption of all other preventive measures even in ar-
eas with high vaccine coverage (Castelli, 2020).
The second strategic approach is addressed to the 
asexual forms of the parasite, with the aim to im-
pede the development of symptoms. The most stud-
ies targets of the experimental vaccines to date are 
the Merozoite Surface Protein 3 (MSP3) and the Glu-
tamic-acid-rich protein (PfGARP) of P. falciparum. 
Available studies have shown the activity of anti-
bodies against MSP3 and PfGARP in reducing par-
asitemia levels in humans and primates (Salamanca 
et al., 2019).
The third approach aims at reducing the infectivity 
of sexual stages, preventing the gametocytes to com-
plete the sexual cycle in the gut of the anopheles vec-
tor. The experimental vaccine Pfs25-EPA/Alhydrogel 
seems to be the most promising agent to date accord-
ing to in vitro studies (Talaat et al., 2016).

References
Abba K., Deeks J.J., Olliaro P., Naing C.M., Jackson S.M., et al. 

(2011). Rapid diagnostic tests for diagnosing uncomplicat-
ed P. falciparum malaria in endemic countries. The Cochrane 
database of systematic reviews. (7), CD008122. https://doi.
org/10.1002/14651858.CD008122.pub2.

Abba K., Kirkham A.J., Olliaro PL., Deeks J.J., Donegan S., et al. 
(2014). Rapid diagnostic tests for diagnosing uncomplicat-
ed non-falciparum or Plasmodium vivax malaria in endemic 
countries. The Cochrane database of systematic reviews. (12), 
CD011431. https://doi.org/10.1002/14651858.CD011431.

Abdel Razeq N.M., Khader Y.S., Batieha A.M. (2017). The inci-
dence, risk factors, and mortality of preterm neonates: A pro-
spective study from Jordan (2012-2013). Turkish Journal of Ob-
stetrics and Gynaecology. 14 (1), 28-36.

Abdulla S., Oberholzer R., Juma O., Kubhoja S., Machera F., et al. 
(2008). Safety and immunogenicity of RTS,S/AS02D malaria 
vaccine in infants. New England Journal of Medicine. 359 (24), 
2533-44. doi: 10.1056/NEJMoa0807773. 

Aborode A.T., David K.B., Uwishema O., Nathaniel A.L., Imisi-
oluwa J.O., et al. (2021). Fighting COVID-19 at the Expense 
of Malaria in Africa: The Consequences and Policy Options. 
American Journal of Tropical Medicine and Hygiene. 104 (1), 26-
29. doi: 10.4269/ajtmh.20-1181.

Adamou R., Dechavanne C., Sadissou I., d’Almeida T., Bouraima 
A., et al. (2019). Plasmodium falciparum merozoite surface an-
tigen-specific cytophilic IgG and control of malaria infection 
in a Beninese birth cohort. Malaria Journal. 18 (1), 194. doi: 
10.1186/s12936-019-2831-x.

Adjuik M., Babiker A., Garner P., Olliaro P., Taylor W., et al. Inter-
national Artemisinin Study Group. (2004). Artesunate combi-
nations for treatment of malaria: meta-analysis. Lancet. 363 
(9402), 9-17. doi: 10.1016/s0140-6736(03)15162-8.

Aird W.C., Mosnier L.O., Fairhurst R.M. (2014). Plasmodium falci-
parum picks (on) EPCR. Blood. 123 (2), 163-167. doi: 10.1182/
blood-2013-09-521005.

Alonso P.L., Sacarlal J., Aponte J.J., Leach A., Macete E., et al. 
(2005). Duration of protection with RTS,S/AS02A malaria vac-
cine in prevention of Plasmodium falciparum disease in Mo-
zambican children: single-blind extended follow-up of a ran-
domised controlled trial. Lancet. 366 (9502), 2012-2018. doi: 
10.1016/S0140-6736(05)67669-6.

Amaratunga C., Lopera-Mesa T.M., Brittain N.J., Cholera R., Arie 
T., et al. (2011). A role for fetal hemoglobin and maternal im-
mune IgG in infant resistance to Plasmodium falciparum ma-
laria. PLoS One. 6, e14798.



Update on malaria 95

Anstey N.M., Handojo T., Pain M.C.F., Kenangalem E., Tjitra E., et 
al. (2007). Lung injury in vivax malaria: pathophysiological evi-
dence for pulmonary vascular sequestration and posttreatment 
alveolar-capillary inflammation. Journal of Infectious Diseases. 
195 (4), 589-596.

Antinori S., Ridolfo A.L., Grande R., Galimberti L., Casalini G. et 
al. (2021). Loop-mediated isothermal amplification (LAMP) as-
say for the diagnosis of imported malaria: a narrative review. 
Le Infezioni in Medicina. 29 (3), 355-365. doi: 10.53854/liim-
2903-6. PMID: 35146340; PMCID: PMC8805495.

Aponte J.J., Aide P., Renom M., Mandomando I., Bassat Q., et al. 
(2007). Safety of the RTS,S/AS02D candidate malaria vaccine 
in infants living in a highly endemic area of Mozambique: a 
double blind randomised controlled phase I/IIb trial. Lancet. 
370 (9598), 1543-1551. doi: 10.1016/S0140-6736(07)61542-6. 

Askling H., Bruneel F., Burchard G.-D., Castelli F., Chiodini P., et al. 
and the ESCMID Study Group on Clinical Parasitology. (2012). 
Management of imported malaria. Position paper from the Eu-
ropean Society of Clinical Microbiology and Infectious Diseas-
es. Malaria Journal. 11 (1), 328.

Ataba E., Dorkenoo A.M., Nguepou C.T., Bakai T., Tchadjobo T., et 
al. (2021). Potential Emergence of Plasmodium Resistance to 
Artemisinin Induced by the Use of Artemisia annua for Malaria 
and COVID-19 Prevention in Sub-African Region. Acta Parasi-
tologica: 1-6. doi: 10.1007/s11686-021-00489-y. 

Badiane A.S., Ndiaye T., Birane A., Binta D.A., Diallo M.A., et al. 
(2021). High prevalence of asymptomatic Plasmodium infection 
in Bandafassi, South-East Senegal. Malaria Journal. 20, 21.

Balaji S.N., Trivedi V. (2012). Extracellular Methaemoglobin Me-
diated Early ROS Spike Triggers Osmotic Fragility and RBC 
Destruction: An Insight into the Enhanced Haemolysis During 
Malaria. Indian Journal of Clinical Biochemistry. 27 (2), 178-
185. doi: 10.1007/s12291-011-0176-5.

Balikagala B., Fukuda N., Ikeda M., Katuro O.T., Tachibana S.I., et 
al. (2021). Evidence of Artemisinin-Resistant Malaria in Africa. 
New England Journal of Medicine. 385 (13), 1163-1171.

Barber B.E., Grigg M.J., Piera K.A., Chen Y., William T., et al. 
(2021). Endothelial glycocalyx degradation and disease sever-
ity in Plasmodium vivax and Plasmodium knowlesi malaria. 
Science Reports. 11 (1), 9741. doi: 10.1038/s41598-021-88962-6.

Bassat Q., Tanner M., Guerin P.J., Stricker K., Hamed K. (2016). 
Combating poor-quality anti-malarial medicines: a call to ac-
tion. Malaria Journal. 15, 302. doi: 10.1186/s12936-016-1357-8. 

Bejon P., White M.T., Olotu A., Bojang K., Lusingu J.P.A., et al. 
(2013). Efficacy of RTS,S malaria vaccines: individual-partic-
ipant pooled analysis of phase 2 data. Lancet Infectious Diseas-
es. 13 (4), 319-327.

Bermúdez M., Moreno-Perez A. D., Arevalo-Pinzon G., Curtidor H., 
Patarroyo M.A. (2018). Plasmodium vivax in vitro continuous 
culture: the spoke in the wheel. Malaria Journal. 17 (1), 301. 
doi: 10.1186/s12936-018-2456-5). 

Bilal J.A., Malik E.E., Al-Nafeesah A., Adam I. (2020). Global 
prevalence of congenital malaria: A systematic review and 
meta-analysis. European Journal of Obstetrics & Gynecolo-
gy and Reproductive Biology. 252, 534-542. doi: 10.1016/j.
ejogrb.2020.06.025.

Bisoffi Z., Bertoldi M., Silva R., Bertoli G., Ursini T., et al. (2020). 
Dynamics of anti-malarial antibodies in non-immune patients 
during and after a first and unique Plasmodium falciparum ma-
laria episode. Malaria Journal. 19, 228. https://doi.org/10.1186/
s12936-020-03300-x).

Boehm D., Healy L., Ring S., Bell A. (2018). Inhibition of ex vivo 
erythropoiesis by secreted and haemozoin-associated Plasmo-
dium falciparum products. Parasitology. 145 (14), 1865-1875. 
doi: 10.1017/S0031182018000653.

Botta A., Comelli A., Vellere I., Chechi F., Bianchi L., et al. (2022). 
Artesunate monotherapy versus artesunate plus quinine com-
bination therapy for treatment of imported severe malaria: a 
TropNet retrospective cohort study. Infection. doi: 10.1007/
s15010-022-01771-5.

Branch O.H., Udhayakumar V., Hightower A.W., Oloo A.J., Hawley 
W.A., et al. (1998). A longitudinal investigation of IgG and IgM 
antibody responses to the merozoite surface protein-1 19-kilo-
Dalton domain of Plasmodium falciparum in pregnant women 
and infants: associations with febrile illness, parasitemia, and 
anemia. American Journal of Tropical Medicine and Hygiene. 58 
(2), 211-219.

Brito M.A.M., Baro B., Raiol T.C., Ayllon-Hermida A., Safe I.P., et 
al. (2020). Morphological and Transcriptional Changes in Hu-
man Bone Marrow during Natural Plasmodium vivax Malaria 
Infections. The Journal of Infectious Diseases. 10, jiaa177. doi: 
10.1093/infdis/jiaa177.

Bulmer J.N., Rasheed F.N., Francis N., Morrison L., Greenwood 
B.M. (1993). Placental malaria. I. Pathological classification. 
Histopathology. 22 (3), 211-218. doi: 10.1111/j.1365-2559.1993.
tb00110.x.

Buyon L.E., Elsworth B., Duraisingh M.T. (2021). The molecular 
basis of antimalarial drug resistance in Plasmodium vivax. In-
ternational Journal for Parasitology: Drugs and Drug Resistance. 
16, 23-37. doi: 10.1016/j.ijpddr.2021.04.002. Epub 2021 Apr 26. 
PMID: 33957488; PMCID: PMC8113647.

Calderaro A., Montecchini S., Buttrini M., Piccolo G., Rossi S. et al. 
(2021). Malaria Diagnosis in Non-Endemic Settings: The Euro-
pean Experience in the Last 22 Years. Microorganisms. 9 (11), 
2265. https://doi.org/10.3390/microorganisms9112265.

Castelli F. (2020). Waiting for the Malaria Vaccine: The Complex 
Epidemiological Transition Toward Malaria Elimination. Clini-
cal Infectious Diseases. 71 (2), 381-382. doi: 10.1093/cid/ciz847.

Chan J.A., Loughland J.R., de Labastida Rivera F., Sheela Nair A., 
Andrew D.W., et al. (2020). Th2-like t follicular helper cells pro-
mote functional antibody production during plasmodium fal-
ciparum infection, Cell Reports Medicine. 1 (9), 100157. https://
doi.org/10.1016/j. xcrm.2020.100157. 

Chougnet C., Deloron P., Savel J. (1991). Persistence of cellular 
and humoral response to synthetic peptides from defined Plas-
modium falciparum antigens. Annals of Tropical Medicine and 
Parasitology. 85, 357-363. https://doi.org/10.1080/00034983.19
91.11812574).

Clark R.L. (2019). Genesis of placental sequestration in malaria 
and possible targets for drugs for placental malaria. Birth De-
fects Research. 11 (10), 569-583. doi: 10.1002/bdr2.1496.

Cohen S., McGregor I.A., Carrington S. (1961). Y-globulin and ac-
quired immunity to human malaria. Nature. 192, 733-737.

Colbourne M.J. (1955). Malaria in Gold Coast students on their 
return from the United Kingdom. Transactions of the Royal So-
ciety of Tropical Medicine and Hygiene. 49, 483-487. https://doi.
org/10.1016/0035-9203(55)90017-1).

Comelli A., Guarner M.E., Tomasoni L.R., Zamboni A.F., Pavon 
B.M., et al. (2021). Severe imported Plasmodium falciparum 
malaria in children: characteristics and useful factors in the 
risk stratification. Travel Medicine and Infectious Diseases. 
102196. doi: 10.1016/j.tmaid.2021.102196.

Cottrell G., Mary J.Y., Barro D., Cot M. (2005). Is malarial placental 
infection related to peripheral infection at any time of preg-
nancy? American Journal of Tropical Medicine and Hygiene. 73 
(6), 1112-1118.

D’Alessandro U., Leach A., Drakeley C.J., Bennett S., Olaleye B.O., 
et al. (1995). Efficacy trial of malaria vaccine SPf66 in Gam-
bian infants. Randomised, double blind, placebo-controlled in 
infants aged 6-11 months, The Lancet. 346 (8973), 462-467.

Dalrymple U., Arambepola R., Gething, P.W., Cameron E. (2018). 
How long do rapid diagnostic tests remain positive after an-
ti-malarial treatment? Malaria Journal. 17 (1), 228. https://doi.
org/10.1186/s12936-018-2371-9.

Daou M., Kouriba B., Ouedraogo N., Diarra I., Arama C., et al. 
(2015). Protection of Malian children from clinical malaria is 
associated with recognition of multiple antigens. Malaria Jour-
nal. 14, 56. doi: 10.1186/s12936-015-0567-9.

Das S., Jang I.K., Barney B., Peck R., Rek J.C., et al. (2017). Per-
formance of a High-Sensitivity Rapid Diagnostic Test for Plas-
modium falciparum Malaria in Asymptomatic Individuals from 
Uganda and Myanmar and Naive Human Challenge Infections. 
The American Journal of Tropical Medicine and Hygiene. 97 (5), 
1540-1550. https://doi.org/10.4269/ajtmh.17-0245.

De S.L., May S., Shah K., Slawinsky M., Changrobet S., et al. (2021). 
Variable immunogenicity of a vivax malaria blood-stage vac-
cine candidate. Vaccine. 39 (19), 2668-2675. doi: 10.1016/j.vac-
cine.2021.03.072.

De Beaudrap P., Turyakira E., Nabasumba C., Tumwebaze B., Piola 
P. et al. (2016). Timing of malaria in pregnancy and impact on 
infant growth and morbidity: a cohort study in Uganda. Malar-
ia Journal. 15, 92. doi: 10.1186/s12936-016-1135-7.

Dell’Acqua R., Fabrizio C., Di Gennaro F., Lo Caputo S., Saracino 
A., et al. (2017). An intricate case of multidrug resistant (MDR) 



F. Castelli, L.R. Tomasoni96

Plasmodium falciparum isolate imported from Cambodia. Ma-
laria Journal. 16, 149. doi: 10.1186/s12936-017-1795-y.

Deloron P., Chougnet C. (1992). Is immunity to malaria real-
ly short-lived? Parasitology Today. 8, 375-378. https://doi.
org/10.1016/0169-4758(92) 90174-z.

Desai M., ter Kuile F.O., Nosten F., McGready R., Asamoa K., et 
al. (2007). Epidemiology and burden of malaria in pregnancy. 
Lancet Infectious Diseases. 7 (2), 93-104.

Dondorp A., Nosten F., Stepniewska K., Day N., White N. South 
East Asian Quinine Artesunate Malaria Trial (SEAQUAMAT) 
group. (2005). Artesunate versus quinine for treatment of 
severe falciparum malaria: a randomised trial. Lancet. 366 
(9487), 717-725. doi: 10.1016/S0140-6736(05)67176-0. 

Dondorp A.M., Fanello C.I., Hendriksen I.C., Gomes E., Seni A., 
et al.; AQUAMAT group. (2010). Artesunate versus quinine in 
the treatment of severe falciparum malaria in African children 
(AQUAMAT): an open-label, randomised trial. Lancet. 376 
(9753), 1647-1657. doi: 10.1016/S0140-6736(10)61924-1.

Douglas N.M., Anstey N.M., Buffet P.A., Poespoprodjo J.R., Weo 
W.T., et al. (2012). The anaemia of Plasmodium vivax malar-
ia. Malaria Journal. 11, 135. doi: 10.1186/1475-2875-11-135. 
PMID: 22540175; PMCID: PMC3438072.

El Ghazali G., Adam I., Hamad A, El-Bashir M.I. (2003). Malaria 
and pregnancy in an area of unstable transmission in eastern 
Sudan. East Mediterranean Health Journal. 9, 571-580.

European Centre for Disease Prevention and Control. Malaria. In: 
ECDC. Annual epidemiological report for 2019. Stockholm: 
ECDC. 2021.

Feeney M.E. (2020). The immune response to malaria in utero. Im-
munology Reviews. 293 (1), 216-229. doi: 10.1111/imr.12806.

Formenti B., Gregori N., Crosato V., Marchese V., Tomasoni L.R., 
et al. (2022). The impact of COVID-19 on communicable and 
non-communicable diseases in Africa: a narrative review. Le 
Infezioni in Medicina. 1, 30-40. doi: 10.53854/liim-3001-4.

Fried M., Duffy P.E. (1996). Adherence of Plasmodium falciparum 
to chondroitin sulfate A in the human placenta. Science. 272 
(5267), 1502-1504. doi: 10.1126/science.272.5267.1502. 

Gavi S., Tapera O., Mberikunashe J., Kanyangarara M. (2021). Ma-
laria incidence and mortality in Zimbabwe during the COV-
ID-19 pandemic: analysis of routine surveillance data. Malaria 
Journal. 20 (1), 233. doi: 10.1186/s12936-021-03770-7.

Gidey B., Nega D., Abera A., Abebe A., Mekasha S., et al. (2021). 
Mentorship on malaria microscopy diagnostic service in Ethi-
opia: baseline competency of microscopists and performance 
of health facilities. Malar Journal. 20 (1), 115. doi: org/10.1186/
s12936-021-03655-9.

Gowda D.C., Wu X. (2018). Parasite Recognition and Signaling 
Mechanisms in Innate Immune Responses to Malaria. Fron-
tiers in Immunology. 9, 3006. doi: 10.3389/fimmu.2018.03006.

Golgi C. (1886). Sull’infezione malarica. Archivio di Scienze Medi-
che (Torino). 10, 109-135.

Grassi G.B. (1900). Studi di uno zoologo sulla malaria. Topografia 
della Reale Accademia dei Lincei, Rome, Italy.

Henry B., Roussel C., Carucci M., Brousse V., Ndour P.A., et al. 
(2020). The Human Spleen in Malaria: Filter or Shelter? Trends 
in Parasitology. 36 (5), 435-446. doi: 10.1016/j.pt.2020.03.001. 

Hertig E. (2019). Distribution of Anopheles vectors and potential 
malaria transmission stability in Europe and the Mediterrane-
an area under future climate change. Parasites & Vectors. 12, 
18. https://doi.org/10.1186/s13071-018-3278-6.

Imwong M., Suwannasin K., Kunasol C., Sutawong K., Mayxay M., 
et al. (2017). The spread of artemisinin-resistant Plasmodium 
falciparum in the Greater Mekong subregion: a molecular ep-
idemiology observational study. Lancet Infectious Diseases. 17 
(5), 491-497.

Kabuya J.B., Ippolito M.M., Sikalima J., Tende C., Champo D., et al. 
(2021). Safety and efficacy of intermittent presumptive treat-
ment with sulfadoxine-pyrimethamine using rapid diagnostic 
test screening and treatment with dihydroartemisinin-piper-
aquine at the first antenatal care visit (IPTp-SP+): study pro-
tocol for a randomized controlled trial. Trials. 22 (1), 820. doi: 
10.1186/s13063-021-05745-0.

Kamau A., Mtanje G., Mataza C., Mwambingu G., Mturi N., et al. 
(2020). Malaria infection, disease and mortality among chil-
dren and adults on the coast of Kenya. Malaria Journal. 19 (1), 
210. doi: 10.1186/s12936-020-03286-6.

Kassim O.O., Ako-Anai K.A., Torimiro S.E., Hollowell G.P., Okoye 

V.C., et al. (2000). Inhibitory factors in breastmilk, maternal 
and infant sera against in vitro growth of Plasmodium falcipar-
um malaria parasite. Journal of Tropical Pediatrics. 46, 92-96.

Kho S., Qotrunnada L., Leonardo L., Andries B., Wardani P.A.I., 
et al. (2021). Evaluation of splenic accumulation and colo-
calization of immature reticulocytes and Plasmodium vivax 
in asymptomatic malaria: A prospective human splenectomy 
study. PLoS Medicine. 18 (5), e1003632. doi: 10.1371/journal.
pmed.1003632. 

Kurtis J.D., Ray D.K., Michelow I.C., Park S., Noxon C.E., et al. 
(2019). Maternally-derived antibodies to schizont egress anti-
gen-1 and protection of infants from severe malaria. Clinical 
Infectious Diseases. 68, 1718-1724, https://doi.org/10.1093/cid/
ciy728.

Jakeman G.N., Saul A., Hogarth W.L., Collins W.E. (1999). Anaemia 
of acute malaria infections in non-immune patients primarily 
results from destruction of uninfected erythrocytes. Parasitolo-
gy. 119 (Pt 2), 127-133. doi: 10.1017/s0031182099004564.

Lee W.C., Russell B., Rénia L. (2019). Sticking for a Cause: The Fal-
ciparum Malaria Parasites Cytoadherence Paradigm. Frontiers 
in Immunology. 10, 1444. doi: 10.3389/fimmu.2019.01444. 

Loke Y.W. (1982). Transmission of parasites across the placenta. 
Advances in Parasitology. 21, 155e228.

Lyke K.E., Burges R., Cissoko Y., Sangare L., Dao M., et al. (2004). 
Serum levels of the proinflammatory cytokines interleukin-1 
beta (IL-1beta), IL-6, IL-8, IL-10, tumor necrosis factor alpha 
and IL-12 (p70) in Malian children with severe Plasmodium 
falciparum malaria and matched uncomplicated malaria or 
healthy controls. Infection and Immunity. 72 (10), 5630-5637. 
doi: 10.1128/IAI.72.10.5630-5637.2004. 

Luxemburger C., Ricci F., Nosten F., Raimond D., Bathet S., et al. 
(1997). The epidemiology of severe malaria in an area of low 
transmission in Thailand. Transactions of the Royal Society of 
Tropical Medicine and Hygiene. 91 (3), 256-629.

Mandala W.L., Harawa V., Dzinjalamala V., Tembo D. (2021). The 
role of different components of the immune system against 
Plasmodium falciparum malaria: Possible contribution towards 
malaria vaccine development. Molecular and Biochemical Par-
asitology. 246, 111425. doi: 10.1016/j.molbiopara.2021.111425.

Matteelli A., Donato F., Shein A., Muchi J.A., Leopardi O., et al. 
(1994). Malaria and anaemia in pregnant women in urban Zan-
zibar, Tanzania. Annals of Tropical Medicine and Parasitology. 
88 (5), 475-483.

Mayor A., Moro L., Aguilar R., Bardají A., Cisteró P., et al. (2012). 
How hidden can malaria be in pregnant women? Diagnosis 
by microscopy, placental histology, polymerase chain reaction 
and detection of histidine-rich protein 2 in plasma. Clinical In-
fectious Diseases. 54, 1561-1568.

McDonald C.R., Weckman A.M., Conroy A.L., Olwoch P., Naturee-
ba P., et al. (2019). Systemic inflammation is associated with 
malaria and preterm birth in women living with HIV on an-
tiretrovirals and cotrimoxazole. Science Reports. 9, 6758.

Menendez C., Mayor A. (2007). Congenital malaria: the least known 
consequence of malaria in pregnancy. Seminars in Fetal and Ne-
onatal Medicine. 12 (3), 207-13. doi: 10.1016/j.siny.2007.01.018.

Minja D.T., Schmiegelow C., Mmbando B., Boström S., Oesterholt 
M., et al. (2013). Plasmodium falciparum mutant haplotype in-
fection during pregnancy associated with reduced birthweight, 
Tanzania. Emerging Infectious Diseases. 19 (9).

Ministry of Social Protection. Republic of Colombia. Public Health 
General Management. National Institute of Health. (2010). 
World Health Organization: Guideline for the integral clinical 
treatment of patients with Malaria. Bogotá.

Mohon A.N., Getie S., Jahan N., Alam M.S., Pillai D.R. (2019). 
Ultrasensitive loop mediated isothermal amplification (US-
LAMP) to detect malaria for elimination. Malarial Journal 18, 
350. https://doi.org/10.1186/s12936-019-2979.

Moore K.A., Simpson J.A., Scoullar M.J.L., McGready R., Fowkes 
F.J.I. (2017). Quantification of the association between malaria 
in pregnancy and stillbirth: a systematic review and meta-anal-
ysis. Lancet Global Health. 5 (11), e1101-e1112. doi: 10.1016/
S2214-109X(17)30340-6.

Moorman A.M., Nixon C.E., Forconi C.S. (2019). Immune effector 
mechanisms in malaria: An update focusing on human immu-
nity. Parasite Immunology. 41, e12628. https://doi.org/10.1111/
pim.12628.

Mueller I., Galinski M., Tsuboi T., Arevalo-Herrera M., Collins W.E., 



Update on malaria 97

et al. (2013) Natural acquisition of immunity to Plasmodium 
vivax: epidemiological observations and potential targets. 
Advances in Parasitology. 81, 77-131. doi: 10.1016/B978-0-12-
407826-0.00003-5.

Mwesigwa J., Slater H., Bradley J., Saidy B., Ceesay F., et al. (2019). 
Field performance of the malaria highly sensitive rapid diag-
nostic test in a setting of varying malaria transmission. Malaria 
Journal. 18 (1), 288. https://doi.org/10.1186/s12936-019-2929-1.

Neafsey D.E., Galinsky K., Jiang R.H.Y., Young L., Sykes S.M., et al. 
(2012). The malaria parasite Plasmodium vivax exhibits greater 
genetic diversity than Plasmodium falciparum. Nature Genet-
ics. 44 (9), 1046-1050.

Ngai M., Weckman A.M., Erice C., McDonald C.R., Cahill L.S., et 
al. (2020). Malaria in Pregnancy and Adverse Birth Outcomes: 
New Mechanisms and Therapeutic Opportunities. Trends in 
Parasitology. 36 (2), 127-137. doi: 10.1016/j.pt.2019.12.005.

Nkonya D.N., Tarimo DS., Kishimba RS. (2016). Accuracy of clinical 
diagnosis and malaria rapid diagnostic test and its influence on 
the management of children with fever under reduced malaria 
burden in Misungwi district, Mwanza Tanzania. Pan African 
Medical Journal. 25, 48. doi: 10.11604/pamj.2016.25.48.9401.

Nolasco O., Montoya J., Rosales Rosas AL., Barrientos S., Rosan-
as-Urgell A., et al. (2021). Multicopy targets for Plasmodium 
vivax and Plasmodium falciparum detection by colorimetric 
LAMP. Malaria Journal. 20 (1), 225. https://doi.org/10.1186/
s12936-021-03753-8.

Nosten F., Luxemburger C., Kyle D.E., Ballou W.R., Wittes J., et al. 
(1996). Randomised double-blind placebo-controlled trial of 
SPf66 malaria vaccine in children in northwestern Thailand. 
Shoklo SPf66 Malaria Vaccine Trial Group. Lancet. 348 (9029), 
701-707. doi: 10.1016/s0140-6736(96)04465-0.

Nussenzweig R. (1980). Use of radiation-attenuated sporozoites in 
the immunoprophylaxis of malaria. International Journal of 
Nuclear Medicine and Biology. 7 (2), 89-96.

Okebe J., Eisenhut M. (2014). Pre-referral rectal artesunate for 
severe malaria. Cochrane Database Systematic Reviews. (5), 
CD009964. doi: 10.1002/14651858.CD009964.pub2. 

Paton R.S., Kamau A., Akecj S., Agweyu A, Ogero M., et al. (2021). 
Malaria infection and severe disease risks in Africa. Science. 
373 (6557): 926-931. doi: 10.1126/science.abj0089.

Payne R.O., Griffin P.M., McCarthy J.S., Draper S.J. (2017). Plas-
modium vivax Controlled Human Malaria Infection - Progress 
and Prospects. Trends in Parasitology; 33 (2), 141-150. doi: 
10.1016/j.pt.2016.11.001). 

Pérez-Mazliah D., Ndungu F.M., Aye R., Langhorne J. (2020). B-cell 
memory in malaria: Myths and realities. Immunol Reviews. 
293 (1), 57-69. doi: 10.1111/imr.12822.

Phyo A.P., Dahal P., Mayxay M., Ashley E.A. (2022). Clinical impact 
of vivax malaria: A collection review. PLoS Medicine. 19 (1), 
e1003890.

Pincelli A., Cardoso M.A., Malta M.B., Johansen I.C., Corder R.M., 
et al. (2021). MINA-Brazil Study Working Group. Low-level 
Plasmodium vivax exposure, maternal antibodies, and ane-
mia in early childhood: Population-based birth cohort study 
in Amazonian Brazil. PLoS Neglected Tropical Diseases. 15 (7), 
e0009568. doi: 10.1371/journal.pntd.0009568. 

Pistone T., Diallo A., Mechain M., Receveur M.C., Malvy D. (2014). 
Epidemiology of imported malaria give support to the hy-
pothesis of “longterm” semi-immunity to malaria in sub-Sa-
haran African migrants living in France. Travel Medicine 
and Infectious Diseases. 12, 48-53. https://doi.org/10.1016/j.
tmaid.2013.08.006.

Proietti C., Zakrewsky M., Watkins T.S., Berger B., Hasan S., et al. 
(2016). Mining, visualizing and comparing multidimensional 
biomolecular data using the Genomics Data Miner (GMine) 
Web-Server. Science Reports. 6, 38178. doi: 10.1038/srep38178.

Proietti C., Krause L., Trieu A., DodooD., Gyanet B., et al. (2020). 
Immune Signature Against Plasmodium falciparum Antigens 
Predicts Clinical Immunity in Distinct Malaria Endemic Com-
munities. Molecular & Cellular Proteomics. 19 (1), 101-113. doi: 
10.1074/mcp.RA118.001256.

Quaresima V., Tsiri A., Oppong B., Awunyo J.A.D.A., Adomah P.A., 
et al. (2021). Are Malaria Risk Factors Based on Gender? A 
Mixed-Methods Survey in an Urban Setting in Ghana. Tropical 
Medicine and Infectious Diseases. 6 (3), 161. doi: 10.3390/trop-
icalmed6030161.

Reynaldi A., Dent A.E., Schlub T., Ogolla S., Rochford R., et al. 

(2019). Interaction between maternally derived antibodies and 
heterogeneity in exposure combined to determine time-to-first 
Plasmodium falciparum infection in Kenyan infants. Malaria 
Journal. 18 (1), 19. doi: 10.1186/s12936-019-2657-6. 

Rodrıguez-Morales A.J., Sanchez E., Vargas M., Piccolo C., Coli-
na R., et al. (2006). Anemia and thrombocytopenia in children 
with Plasmodium vivax malaria. Journal of Tropical Pediatrics. 
52 (1), 49-51.

Ross R. (1898). The role of the mosquito in the evolution of the 
malaria parasite. Lancet, II: 488-489.

Rojo-Marcos G., Rubio-Muñoz J.M., Angheben A., Jaureguiberry 
S., García-Bujalance S., et al. (2018). Prospective comparative 
multi-centre study on imported Plasmodium ovale wallikeri 
and Plasmodium ovale curtisi infections. Malaria Journal. 17 
(1), 399. doi: 10.1186/s12936-018-2544-6. 

Rouamba T., Samadoulougou S., Ouédraogo M., Hien H., Tinto H., 
et al. (2021). Asymptomatic malaria and anaemia among preg-
nant women during high and low malaria transmission sea-
sons in Burkina Faso: household-based cross-sectional surveys 
in Burkina Faso, 2013 and 2017. Malaria Journal. 20 (1), 211. 
doi: 10.1186/s12936-021-03703-4.

RTS,S Clinical Trials Partnership. (2014). Efficacy and safety of the 
RTS,S/AS01 malaria vaccine during 18 months after vaccination: 
a phase 3 randomized, controlled trial in children and young in-
fants at 11 African sites. PLoS Medicine. 11 (7), e1001685.

RTS,S Clinical Trials Partnership. (2015). Efficacy and safety of 
RTS,S/AS01 malaria vaccine with or without a booster dose in 
infants and children in Africa: final results of a phase 3, indi-
vidually randomised, controlled trial. Lancet. 386 (9988), 31-
45. doi: 10.1016/S0140-6736(15)60721-8. 

Ruizendaal E., Schallig H.D.F.H., Bradley J., Traore-Coulibaly M., 
Lompo P., et al. (2017). Interleukin-10 and soluble tumor ne-
crosis factor receptor II are potential biomarkers of Plasmodi-
um falciparum infections in pregnant women: a case-control 
study from Nanoro, Burkina Faso. Biomarker Research. 5, 34. 
doi: 10.1186/s40364-017-0114-7.

Saghir S., Moukit M., Kouach J., Assoufi N., Abilkassem R., et 
al. (2020). What about the treatment of asymptomatic forms 
of congenital malaria: case report and review of the liter-
ature. Pan African Medical Journal. 35, 116. doi: 10.11604/
pamj.2020.35.116.16628.

Salamanca D.R., Gómez M., Camargo A., Cuy-Chaparro L., Moli-
na-Franky J., et al. (2019). Plasmodium falciparum Blood Stage 
Antimalarial Vaccines: An Analysis of Ongoing Clinical Trials 
and New Perspectives Related to Synthetic Vaccines. Frontiers 
in Microbiology. 10, 2712. doi: 10.3389/fmicb.2019.02712. 

Saleri N., Gulletta M., Matteelli A., Caligaris S., Tomasoni L.R., et 
al. (2006). Acute Respiratory Distress Syndrome in Plasmodi-
um vivax malaria from Venezuela. Journal of Travel Medicine. 
13, 112-113.

Schantz-Dunn J., Nour N.M. (2009). Malaria and pregnancy: a 
global health perspective. Reviews of Obstetrics and Gynecol-
ogy. 2, 186-192.

Silva-Filho J.L., Dos Santos J.Ck., Judice C., Beraldi D:, Venugopal 
K., et al. (2021). Total parasite biomass but not peripheral par-
asitaemia is associated with endothelial and haematological 
perturbations in Plasmodium vivax patients. Elife. 10, e71351. 
doi: 10.7554/eLife.71351.

Singh K., Mukherjee P., Shakri A.R, Singh A., Pandey G., et al. 
(2018). Malaria vaccine candidate based on Duffy-binding pro-
tein elicits strain transcending functional antibodies in a Phase 
I trial. NPJ Vaccines. 3, 48.

Sinka M.E., Bangs M.J., Manguin S., Rubio-Palis Y., Chareonviri-
yaphap T., et al. (2021). A global map of dominant malaria 
vectors. Parasites & Vectors. 5, 69. doi: 10.1186/1756-3305-5-69.

Smith J.L., Mumbengegwi D., Haindongo H., Cueto C., Roberts 
K.W., et al. (2012). Malaria risk factors in northern Namibia: 
The importance of occupation, age and mobility in characteriz-
ing high-risk populations. PLoS One; 16 (6), e0252690. https://
doi.org/10.1371/journal.pone.0252690.

Snounou G., Pérignon J.L. (2013). Malariotherapy-insanity at the 
service of malariology. Advances in Parasitology. 81, 223-255. 
doi: 10.1016/B978-0-12-407826-0.00006-0.

Steketee R.W., Nahlen B.L., Parise M.E., Menendez C. (2001). The 
burden of malaria in pregnancy in malaria-endemic areas. 
American Journal of Tropical Medicine and Hygiene. 64 (Suppl. 
1-2), 28-35. doi: 10.4269/ajtmh.2001.64.28.



F. Castelli, L.R. Tomasoni98

Talaat K.R., Ellis R.D., Hurd J., Hentrich A., Gabriel E., et al. 
(2016). Safety and Immunogenicity of Pfs25-EPA/Alhydrogel, a 
Transmission Blocking Vaccine against Plasmodium falcipar-
um: An Open Label Study in Malaria Naive Adults. PLoS One. 
11 (10), e0163144. doi: 10.1371/journal.pone.0163144.

Tovar-Acero C., Velasco M.C,, Avilés-Vergara P.A., Ricardo-Caldera 
D.M., Alvis E.M., et al. (2021). Liver and kidney dysfunction, 
hypoglycemia, and thrombocytopenia in Plasmodium vivax 
malaria patients at a Colombian Northwest region. Parasite Ep-
idemiology and Control. 13, e00203. doi: 10.1016/j.parepi.2021.
e00203.

Valero M.V., Amador L.R., Galindo C., Figueroa J., Bello M.S., et al. 
(1993). Vaccination with SPf66, a chemically synthesised vac-
cine, against Plasmodium falciparum malaria in Colombia. Lan-
cet. 341 (8847), 705-710. doi: 10.1016/0140-6736(93)90483-w.

Varo R., Balanza N., Mayor A., Bassat Q. (2021). Diagnosis of clini-
cal malaria in endemic settings. Expert Review of Anti-Infective 
Therapy. 19 (1), 79-92. doi: 10.1080/14787210.2020.1807940.

Walker P.G., Floyd J., Ter Kuile F., Cairns M. (2017). Estimated 
impact on birth weight of scaling up intermittent preventive 
treatment of malaria in pregnancy given sulphadoxine-py-
rimethamine resistance in Africa: A mathematical model. PLoS 
Medicine. 14, e1002243.

Wassmer S.C., Grau G.E. (2017). Severe malaria: what’s new on the 
pathogenesis front? International Journal of Parasitology. 47 (2-
3), 145-152. doi: 10.1016/j.ijpara.2016.08.002.

Watson OJ., Slater HC., Verity R., Parr JB., Mwandagalirwa, MK. et 
al. (2017). Modelling the Drivers of the Spread of Plasmodium 
falciparum Hrp2 Gene Deletions in sub-Saharan Africa. Elife. 
6, e25008. doi: 10.7554.

White M.T., Bejon P., Olotu A., Griffin J.T., Riley E.M., et al. (2013). 
The relationship between RTS, S vaccine-induced antibodies, 
CD4+ T cell responses and protection against Plasmodium fal-
ciparum infection. PLoS One. 8, e61395.

White N.J. (2008). Qinghaosu (artemisinin): the price of success. 
Science. 320 (5874), 330-334.

WHO. (2012). Intermittent preventive treatment of malaria in 
pregnancy using sulfadoxin-pyrimethamine (IPTp-SP) Geneva: 
World Health Organization.

WHO. (2014a). Global nutrition targets 2025: childhood over-
weight policy brief (WHO/NMH/NHD/14.6). Geneva: World 
Health Organization.

WHO. (2014b). Severe malaria. Tropical Medicine and International 
Health. 19 (Suppl. 1), 7-131.

WHO. World Malaria Report (2020). Geneva: World Health Organi-
zation. https://www.who.int/publications/i/item/9789240015791.

WHO. (2021a). Second round of the national pulse survey on con-
tinuity of essential health services during the COVID-19 pan-
demic: January-March 2021: Interim report, 22 April 2021. 
Geneva. WHO reference number: WHO/2019-nCoV/EHS_con-
tinuity/survey/2021.1.

WHO. World Malaria Report. (2021b). Geneva: World Health Or-
ganization; 2021. Licence: CC BY-NC-SA 3.0 IGO.

WHO. Guidelines for malaria. (2022). Geneva: World Health Or-
ganization; 2022 WHO/UCN/GMP/2021.01 Rev.1. Licence: CC 
BY-NC-SA 3.0 IGO.

Zanotti P., Odolini S., Tomasoni L.R., Grecchi C., Caligaris S., et al. 
(2018). Imported Malaria in Northern Italy: Epidemiology and 
Clinical Features Observed over 18 Years in the Teaching Hospi-
tal of Brescia. J Travel Med. 25, Issue 1, Article number tax081.


