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Plasmodium falciparum can cause a severe disease with high mortality. A major factor contributing to the increased
virulence of P. falciparum, as compared to other human malarial parasites, is the sequestration of infected erythrocytes in
the capillary beds of organs and tissues. This sequestration is due to the cytoadherence of infected erythrocytes to
endothelial cells.
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| 1. Introduction

Clinical manifestations associated with malaria can range from asymptomatic carriage to a febrile illness to severe organ
dysfunction resulting in death . Febrile illness without organ dysfunction is often called uncomplicated malaria and
exhibits non-specific symptoms such as fever, nausea, and headache. Complicated malaria refers to severe malaria
associated with organ dysfunction. Approximately one percent of falciparum malaria cases develop into severe disease [
(2 case fatality rates of severe falciparum malaria range from 5% to 50%, depending on the extent of organ involvement
and availability of therapy. Multiple organs can be affected during complicated malaria and the manifestations are
determined by the affected organ(s) (Table 1). Patients can exhibit several of these manifestations either simultaneously
or sequentially. In addition, children and adults often exhibit different severe manifestations of malaria [&l. The prognosis of
individuals exhibiting any of the indicators of complicated malaria is poor, and without treatment the risk of death
increases.

Table 1. Manifestations of severe malaria and indicators of poor prognosis 2.

Manifestation Features

Primarily in young children and defined as hematocrit < 15% or hemoglobin < 50 g/L in the

Severe anemia g .
presence of parasitemia.

Cerebral malaria An unrousable coma in the presence of parasitemia and not attributable to another cause.

Defined by labored breathing and pulmonary edema that can progress to an acute respiratory

Respiratory distress

Impaired
conscioushess

Prostration or
weakness

Convulsions

Acidosis

Hypoglycemia

Jaundice

Renal impairment

Abnormal bleeding

Coagulopathy

distress syndrome requiring mechanical ventilation.

An impaired consciousness that is less pronounced than the unrousable coma associated with
cerebral malaria.

Patients are unable to sit or walk, which is not attributable to neurological or other explanations.

Three or more repeated generalized convulsions observed within 24 h.

An important cause of death due to the accumulation of organic acids, including lactic acid, and
compounded by ketoacidosis and acute kidney injury.

Results from increased glucose consumption in the tissues and impaired hepatic glucogenesis.
Often concomitant with lactic acidosis.

Results from a combination of hemolysis and hepatocyte damage and defined by elevated serum
bilirubin in the presence of parasitemia.

Defined by low urine output and high serum creatinine or urea levels despite adequate hydration.
Recurrent or prolonged bleeding from nose, gums, or venipuncture sites.

Activation of blood coagulation including disseminated intravascular coagulation or depletion of
platelets.



Manifestation Features

Circulatory collapse Defined as systolic blood pressure < 70 mm Hg in malaria patients and accompanied by cold
(shock) clammy skin.
. Core body temperature > 40 °C and may be associated with rapid heart rate and occasionally
Hyperpyrexia L
delirium.
Hyperparasitemia Poor prognosis associated with >10% parasitized erythrocytes.

2 Based on clinical descriptions of the World Health Organization .

Several factors are involved in the development of severe malaria [4. These include host genetics, patient age, and prior
exposures to P. falciparum, which all can affect parasitemia. It is widely accepted that hyperparasitemia is associated with
a poor prognosis and the total parasite biomass correlates with severe disease &. However, some children can tolerate
extremely high parasitemia without exhibiting severe disease €. Generally, exposure-dependent acquisition of immunity
decreases the development of severe malaria, but there are exceptions [,

2. Cerebral Malaria, Respiratory Distress, and Severe Anemia Are
Common Manifestations of Complicated Malaria

The three most common manifestations of severe falciparum malaria are cerebral malaria, respiratory distress, and
severe anemia in children [8l. Cerebral malaria is characterized by an impaired consciousness and other neurological
symptoms . Patients typically present with fever and severe headache for several days followed by drowsiness,
confusion, repeated seizures, convulsions, and ultimately an unrousable coma. Swelling of the brain and hemorrhage into
the brain tissue are also present. Common co-morbidities include respiratory distress, hypoglycemia, and acidosis.
Metabolic acidosis, as manifested by respiratory distress, has emerged as a central feature of severe falciparum malaria
and is a better predictor of death than cerebral malaria or severe anemia 129, The first signs of lung injury are rapid and
difficult breathing accompanied by pulmonary edema. This pulmonary edema can progress to acute respiratory distress
syndrome and even respiratory failure.

Severe anemia is due to both the increased destruction of erythrocytes and decreased production of new erythrocytes L4,
In addition to the erythrocytes that are destroyed by the parasite during blood-stage schizogony as part of the parasite’s
life cycle, non-infected erythrocytes are destroyed at higher rates due to complement-mediated lysis and phagocytosis
mediated by immune complex deposition or complement activation. Furthermore, there is a decreased production of
erythrocytes during infection, resulting in less replacement of the lost erythrocytes. Acute kidney injury is also associated
with high mortality during severe falciparum malaria 12,

3. Sequestration of the Infected Erythrocytes in Microvasculature Is a
Major Factor in Disease Pathogenesis

The cytoadherence of parasitized erythrocytes to the capillary endothelium of vital organs, such as brain, bone marrow,
lungs, kidneys, or intestines, certainly plays a major role in complicated falciparum malaria. The sequestration of
parasitized erythrocytes results in microvascular obstruction, localized inflammation, increased vascular permeability,
coagulation disorders, and ultimately organ dysfunction (Figure 1).
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Figure 1. Cytoadherence-mediated pathogenesis. One consequence of cytoadherence is the obstruction of capillaries.
Rosetting and platelet-mediated clumping may augment this obstruction. Obstruction of blood vessels results in reduced
blood flow and ischemia. This decreased perfusion combined with parasite metabolism may contribute to hypoglycemia
and acidosis. Cytoadherence also inflames the endothelium and attracts leukocytes and activates platelets. This
inflammation and increased levels of inflammatory cytokines cause a loosening of the tight junctions between endothelial
cells and results in leakage of fluid into the tissues or hemorrhaging (block arrow). Inflammation also increases the
expression of endothelial cell receptors (ECRs) and may augment cytoadherence.

The adherence of infected erythrocytes in the capillaries obstructs blood flow and deprives tissues of nutrients and
oxygen. This ischemia may be enhanced by rosettes [13] or platelet-induced clumps 14!, In addition, the metabolism of the
parasite further complicates ischemia. The parasite has a high demand for glucose and can lead to localized
hypoglycemia. Furthermore, the parasite exhibits an anaerobic metabolism and converts glucose into lactic acid via
glycolysis, thus promoting acidosis. Infection also increases the anaerobic metabolism of the host tissues, which further
increases the hypoglycemia and acidosis 3. Metabolic acidosis is a key feature of severe falciparum malaria and is a
major contributing factor to respiratory distress.

In addition to the obstruction of capillaries and ischemia, cytoadherence causes increased production of inflammatory
cytokines—especially TNF-a—and endothelium inflammation is a major feature of severe malaria L84 Activated
endothelial cells also express higher levels of potential PFEMP1 receptors such as ICAM1, P-selectin, and E-selectin. This
increased expression of cytoadherence receptors can enhance sequestration. The inflammatory cytokines also lead to
endothelium dysfunction and increased vascular permeability in the affected tissues and organs. For example, pulmonary
edema is a major feature of respiratory distress. Likewise, edema and the swelling of the brain due to the disruption of the
blood—brain barrier is a common feature of cerebral malaria 18l Inflammation also results in the activation of platelets and
platelet accumulation is significantly higher in cerebral malaria patients than in uncomplicated malaria 19,

4. Expression of Specific PFEMP1 Alleles Is Associated with Severe
Disease and Organ Specific Clinical Manifestations

A logical inference from the wide range of endothelial cell receptors recognized by PfEMP1 is that different PfEMP1
alleles may be responsible for the organ specificity of the various complications associated with severe falciparum malaria
[4l29 |ndeed, it has been demonstrated that parasites isolated from different organs express different variants of PEMP1
(2 For example, there are correlations between the expression of specific PFEMP1 alleles and the development of
cerebral malaria or placental malaria. However, specific PFEEMP1 alleles that target infected erythrocytes to the lungs,
bone marrow, kidneys, or other organs associated with complicated malaria have not yet been identified. Nonetheless, it
is likely that specific PFEMP1 alleles may have a tropism for a particular tissue or organ, and this organ specific tropism
could account for the wide range of clinical manifestations that are associated with complicated malaria (see Table 1).

Several studies have shown that the expression of specific PFEMP1 alleles is correlated with the risk of developing severe
disease BIL22] For example, PFEMP1 alleles with EPCR binding capabilities tend to be associated with severe disease
and alleles with CD36 binding capabilities tend to be associated with milder disease 231241231 |n particular, the expression
of PfEMP1 of domain cassettes 8 or 13, which bind to both EPCR and ICAM1, are associated with cerebral malaria 281271,
Consistent with a possible role in cerebral malaria, members of DC8 and DC13 exhibit preferential adherence to brain
endothelial cells 281291 However, questions have been raised about the role of ICAM1-binding PfEMP1 alleles in cerebral
malaria BY. Heparan sulfate-binding alleles Bl and gC1gR-binding alleles 2233l have also been implicated in severe
disease.

A good example of a specific PFEMPL1 allele that is correlated with a specific disease manifestation is the association of
var2csa expression with placental malaria. The expression of var2csa is significantly upregulated following the selection
for adhesion to CSA in vitro B4, Furthermore, var2csa is the predominant var gene that is expressed in parasites isolated
from the placenta [B2IB8I7] placental sequestration impacts both mother and fetus, contributing to premature delivery,
intrauterine growth retardation, stillbirth, maternal anemia, and increased neonatal and maternal mortality (381 In addition,
it is known that the severity of placental malaria decreases with subsequent pregnancies. This decrease in disease
severity in multigravida women is likely due to antibodies directed against the var2csa variant of PfEMP1, which would
develop as a result of acquiring malaria during a previous pregnancy 2. Thus, multigravida women have better immunity
directed at var2csa than primigravida women. In this regard, clinical trials with var2csa as a potential vaccine are
underway 49,



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

White, N.J.; Pukrittayakamee, S.; Hien, T.T.; Faiz, M.A.; Mokuolu, O.A.; Dondorp, A.M. Malaria. Lancet 2014, 383, 723—
735.

. Mer, M.; Dinser, M.W.; Giera, R.; Dondorp, A.M. Severe malaria. Current concepts and practical overview: What every

intensivist should know. Intensive Care Med. 2020, 46, 907-918.

. Severe malaria. Trop. Med. Int. Health 2014, 19, 7-131.

. Walker, I.S.; Rogerson, S.J. Pathogenicity and virulence of malaria: Sticky problems and tricky solutions. Virulence

2023, 14, 2150456.

. Dondorp, A.M.; Desakorn, V.; Pongtavornpinyo, W.; Sahassananda, D.; Silamut, K.; Chotivanich, K.; Newton, P.N.;

Pitisuttithum, P.; Smithyman, A.M.; White, N.J.; et al. Estimation of the total parasite biomass in acute falciparum
malaria from plasma PfHRP2. PLoS Med. 2005, 2, e204.

. Marsh, K.; Forster, D.; Waruiru, C.; Mwangi, |.; Winstanley, M.; Marsh, V.; Newton, C.; Winstanley, P.; Warn, P.; Peshu,

N. Indicators of life-threatening malaria in African children. N. Engl. J. Med. 1995, 332, 1399-1404.

. Erunkulu, O.A.; Hill, A.V.; Kwiatkowski, D.P.; Todd, J.E.; Igbal, J.; Berzins, K.; Riley, E.M.; Greenwood, B.M. Severe

malaria in Gambian children is not due to lack of previous exposure to malaria. Clin. Exp. Immunol. 1992, 89, 296-300.

. Brejt, J.A.; Golightly, L.M. Severe malaria: Update on pathophysiology and treatment. Curr. Opin. Infect. Dis. 2019, 32,

413-418.

. Trivedi, S.; Chakravarty, A. Neurological complications of malaria. Curr. Neurol. Neurosci. Rep. 2022, 22, 499-513.

Patel, H.; Dunican, C.; Cunnington, A.J. Predictors of outcome in childhood Plasmodium falciparum malaria. Virulence
2020, 11, 199-221.

Chang, K.-H.; Stevenson, M.M. Malarial anaemia: Mechanisms and implications of insufficient erythropoiesis during
blood-stage malaria. Int. J. Parasitol. 2004, 34, 1501-1516.

Katsoulis, O.; Georgiadou, A.; Cunnington, A.J. Immunopathology of acute kidney injury in severe malaria. Front.
Immunol. 2021, 12, 651739.

Kaul, D.K.; Roth, E.F.J.; Nagel, R.L.; Howard, R.J.; Handunnetti, S.M. Rosetting of Plasmodium falciparum-infected red
blood cells with uninfected red blood cells enhances microvascular obstruction under flow conditions. Blood 1991, 78,
812-819.

Wassmer, S.C.; Taylor, T.; Maclennan, C.A.; Kanjala, M.; Mukaka, M.; Molyneux, M.E.; Grau, G.E. Platelet-induced
clumping of Plasmodium falciparum-infected erythrocytes from Malawian patients with cerebral malaria-possible
modulation in vivo by thrombocytopenia. J. Infect. Dis. 2008, 197, 72—78.

Planche, T.; Dzeing, A.; Ngou-Milama, E.; Kombila, M.; Stacpoole, P.W. Metabolic complications of severe malaria. In
Malaria: Drugs, Disease and Post-genomic Biology; Compans, R.W., Cooper, M.D., Honjo, T., Koprowski, H., Melchers,
F., Oldstone, M.B.A., Olsnes, S., Potter, M., Vogt, P.K., Wagner, H., Sullivan, D.J., Krishna, S., Eds.; Springer:
Berlin/Heidelberg, Germany, 2005; pp. 105-136. ISBN 978-3-540-29088-9.

Jensen, A.R.; Adams, Y.; Hviid, L. Cerebral Plasmodium falciparum malaria: The role of PFEMPL1 in its pathogenesis
and immunity, and PfEMP1-based vaccines to prevent it. Immunol. Rev. 2020, 293, 230-252.

Moxon, C.A.; Chisala, N.V.; Wassmer, S.C.; Taylor, T.E.; Seydel, K.B.; Molyneux, M.E.; Faragher, B.; Kennedy, N.; Toh,
C.-H.; Craig, A.G.; et al. Persistent endothelial activation and inflammation after Plasmodium falciparum infection in
Malawian children. J. Infect. Dis. 2014, 209, 610-615.

Idro, R.; Marsh, K.; John, C.C.; Newton, C.R.J. Cerebral malaria: Mechanisms of brain injury and strategies for
improved neurocognitive outcome. Pediatr. Res. 2010, 68, 267-274.

Grau, G.E.; Mackenzie, C.D.; Carr, R.A.; Redard, M.; Pizzolato, G.; Allasia, C.; Cataldo, C.; Taylor, T.E.; Molyneux,
M.E. Platelet accumulation in brain microvessels in fatal pediatric cerebral malaria. J. Infect. Dis. 2003, 187, 461-466.

Rowe, J.A,; Claessens, A.; Corrigan, R.A.; Arman, M. Adhesion of Plasmodium falciparum-infected erythrocytes to
human cells: Molecular mechanisms and therapeutic implications. Expert Rev. Mol. Med. 2009, 11, el6.

Montgomery, J.; Mphande, F.A.; Berriman, M.; Pain, A.; Rogerson, S.J.; Taylor, T.E.; Molyneux, M.E.; Craig, A.
Differential var gene expression in the organs of patients dying of falciparum malaria. Mol. Microbiol. 2007, 65, 959—
967.

Zhang, Y.; Huang, C.; Kim, S.; Golkaram, M.; Dixon, M.\W.A; Tilley, L.; Li, J.; Zhang, S.; Suresh, S. Multiple stiffening
effects of nanoscale knobs on human red blood cells infected with Plasmodium falciparum malaria parasite. Proc. Natl.
Acad. Sci. USA 2015, 112, 6068-6073.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bachmann, A.; Metwally, N.G.; Allweier, J.; Cronshagen, J.; Del Pilar Martinez Tauler, M.; Murk, A.; Roth, L.K.; Torabi,
H.; Wu, Y.; Gutsmann, T.; et al. CD36—A host receptor necessary for malaria parasites to establish and maintain
infection. Microorganisms 2022, 10, 2356.

Storm, J.; Craig, A.G. Pathogenesis of cerebral malaria—inflammation and cytoadherence. Front. Cell. Infect.
Microbiol. 2014, 4, 100.

Ochola, L.B.; Siddondo, B.R.; Ocholla, H.; Nkya, S.; Kimani, E.N.; Williams, T.N.; Makale, J.O.; Liljander, A.; Urban,
B.C.; Bull, P.C.; et al. Specific receptor usage in Plasmodium falciparum cytoadherence is associated with disease
outcome. PLoS ONE 2011, 6, e14741.

Lavstsen, T.; Turner, L.; Saguti, F.; Magistrado, P.; Rask, T.S.; Jespersen, J.S.; Wang, C.W.; Berger, S.S.; Baraka, V.;
Marquard, A.M.; et al. Plasmodium falciparum erythrocyte membrane protein 1 domain cassettes 8 and 13 are
associated with severe malaria in children. Proc. Natl. Acad. Sci. USA 2012, 109, E1791-800.

Storm, J.; Jespersen, J.S.; Seydel, K.B.; Szestak, T.; Mbewe, M.; Chisala, N.V.; Phula, P.; Wang, C.W.; Taylor, T.E.;
Moxon, C.A.; et al. Cerebral malaria is associated with differential cytoadherence to brain endothelial cells. EMBO Mol.
Med. 2019, 11, e9164.

Auvril, M.; Tripathi, A.K.; Brazier, A.J.; Andisi, C.; Janes, J.H.; Soma, V.L.; Sullivan, D.J.J.; Bull, P.C.; Stins, M.F.; Smith,
J.D. Arestricted subset of var genes mediates adherence of Plasmodium falciparum-infected erythrocytes to brain
endothelial cells. Proc. Natl. Acad. Sci. USA 2012, 109, E1782—E1790.

Claessens, A.; Adams, Y.; Ghumra, A.; Lindergard, G.; Buchan, C.C.; Andisi, C.; Bull, P.C.; Mok, S.; Gupta, A.P.; Wang,
C.W.; et al. A subset of group A-like var genes encodes the malaria parasite ligands for binding to human brain
endothelial cells. Proc. Natl. Acad. Sci. USA 2012, 109, E1772—-E1781.

Joste, V.; Guillochon, E.; Fraering, J.; Vianou, B.; Watier, L.; Jafari-Guemouri, S.; Cot, M.; Houzé, S.; Aubouy, A;
Faucher, J.F,; et al. PfEMP1 A-type ICAM-1-binding domains are not associated with cerebral malaria in Beninese
children. MBio 2020, 11, e02103-20.

Heddini, A.; Pettersson, F.; Kai, O.; Shafi, J.; Obiero, J.; Chen, Q.; Barragan, A.; Wahlgren, M.; Marsh, K. Fresh isolates
from children with severe Plasmodium falciparum malaria bind to multiple receptors. Infect. Immun. 2001, 69, 5849—
5856.

Magallén-Tejada, A.; Machevo, S.; Cisterd, P.; Lavstsen, T.; Aide, P.; Rubio, M.; Jiménez, A.; Turner, L.; Valmaseda, A.;
Gupta, H.; et al. Cytoadhesion to gC1gR through Plasmodium falciparum erythrocyte membrane protein-1 in severe
malaria. PLoS Pathog. 2016, 12, e1006011.

Mayor, A.; Hafiz, A.; Bassat, Q.; Rovira-Vallbona, E.; Sanz, S.; Machevo, S.; Aguilar, R.; Cistero, P.; Sigauque, B.;
Menéndez, C.; et al. Association of severe malaria outcomes with platelet-mediated clumping and adhesion to a novel
host receptor. PLoS ONE 2011, 6, €19422.

Salanti, A.; Staalsoe, T.; Lavstsen, T.; Jensen, A.T.R.; Sowa, M.P.K.; Arnot, D.E.; Hviid, L.; Theander, T.G. Selective
upregulation of a single distinctly structured var gene in chondroitin sulphate A-adhering Plasmodium falciparum
involved in pregnancy-associated malaria. Mol. Microbiol. 2003, 49, 179-191.

Clausen, T.M.; Christoffersen, S.; Dahlback, M.; Langkilde, A.E.; Jensen, K.E.; Resende, M.; Agerbaek, M.@J.;
Andersen, D.; Berisha, B.; Ditlev, S.B.; et al. Structural and functional insight into how the Plasmodium falciparum
VAR2CSA protein mediates binding to chondroitin sulfate A in placental malaria. J. Biol. Chem. 2012, 287, 23332—
23345.

Tuikue Ndam, N.G.; Salanti, A.; Bertin, G.; Dahlback, M.; Fievet, N.; Turner, L.; Gaye, A.; Theander, T.; Deloron, P. High
level of var2csa transcription by Plasmodium falciparum isolated from the placenta. J. Infect. Dis. 2005, 192, 331-335.

Duffy, M.F.; Caragounis, A.; Noviyanti, R.; Kyriacou, H.M.; Choong, E.K.; Boysen, K.; Healer, J.; Rowe, J.A.; Molyneux,
M.E.; Brown, G.V.; et al. Transcribed var genes associated with placental malaria in Malawian women. Infect. Immun.
2006, 74, 4875-4883.

Rogerson, S.J.; Desai, M.; Mayor, A.; Sicuri, E.; Taylor, S.M.; van Eijk, A.M. Burden, pathology, and costs of malaria in
pregnancy: New developments for an old problem. Lancet Infect. Dis. 2018, 18, e107-e118.

Ricke, C.H.; Staalsoe, T.; Koram, K.; Akanmori, B.D.; Riley, E.M.; Theander, T.G.; Hviid, L. Plasma antibodies from
malaria-exposed pregnant women recognize variant surface antigens on Plasmodium falciparum-infected erythrocytes
in a parity-dependent manner and block parasite adhesion to chondroitin sulfate A. J. Immunol. 2000, 165, 3309-3316.

Healy, S.A.; Fried, M.; Richie, T.; Bok, K.; Little, M.; August, A.; Riley, L.; Swamy, G.K.; Wylie, B.J.; Menendez, C.; et al.
Malaria vaccine trials in pregnant women: An imperative without precedent. Vaccine 2019, 37, 763-770.

Retrieved from https://encyclopedia.pub/entry/history/show/107458






