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 Abstract: Malaria is a major health problem in various parts of the world especially affecting the tropical 

countries. It affects the vital organs causing severe complicated malaria. Clinical syndromes like severe 

cerebral malaria,anaemia, coagulation abnormalities, respiratory distress and severe anaemia can increase the 

mortality of malaria infected cases. Variation in individual susceptibility and severity and type of clinical 

presentations of malaria raises the need for Study of both the parasite and host immune reactions as well as the 

contribution of inflammatory cytokines in malaria pathogenesis. This study explored the immunopathological 

basis and advances of severe malaria and their importance in pathogenesis of malaria and its complications. 

Previous and ongoing studies indicate that changes in endothelium during the sequestration of parasites in 

organs causes disruption of endothelial barrier function leading to serious effects of malaria. Parasite and host 

factors contribute to disturbance of cytokine regulation and escape of parasites from the immune system of the 

host. Disturbance of cytokine regulation and escape of parasites from the immune system of the host also 

contribute to pathogenesis of severe malaria. Immunopathological changes and dysregulation of cytokine 

production play central role in pathogenesis and disease severity in malaria.   
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I. Introduction 

Malaria is a major health problem in various parts of the world especially affecting the tropical 

countries. It affects the vital organs causing severe complicated malaria. Clinical syndromes like severe cerebral 

malaria, coagulation abnormalities, respiratory distress and severe anaemia can increase the mortality of malaria 

infected cases [1]. Variation in individual susceptibility and severity and type of clinical presentations of malaria 

raises the need for study of both the parasite and host immunopathological mechanisms as well as the 

contribution of inflammatory cytokines in malaria pathogenesis. Immunopathological basis of severe malaria 

and their importance in outcome prediction and success of management should be explored. 

 

Endothelial Activation And Vasoconstriction 

Endothelial activation plays an important role in malaria pathogenesis. There is increased expression of 

adhesion molecules, augmented chemokine/cytokine cascade and endothelial permeability by inflammatory 

cytokines. In plasomodium falciparum infection, infected erythrocytes (IEs) and monocytes are sequestered in 

the cerebral vessels by endothelial cells by attaching to the endothelial receptors [2-5]. IEs displayed 

Plasmodium Falciparum Erythrocyte Membrane Protein (Pfemp), a product of diverse var gene, on their surface 

to bind to the endothelial cell receptors mainly CD36 and intercellular adhesion molecule -1 (ICAM -1) [3]. The 

sequestration process results in firm adhesion of IEs to endothelial cells (ecs), monocyte recruitment, 

microcirculatory changes and induction of cytokine cascade causing local injury and dysfunction.  In 

Falciparum Malaria, there are increased expression of intercellular adhesion molecule-1 (icam-1), urokinase 

plasminogen activator receptor (Upar), CD23 and chemokine receptor 5 (CCR5) [2]. These augment the 

inflammation around the minute vessels and leads to tissue and endothelial injury in acute lung injury and 

disruption of blood brain barrier in cerebral malaria.  

 

Parasite Cytoadherence 

Some endothelial receptors are able to bind infected erythrocytes: thrombospondin, CD36(Platelet 

glycoprotein Iiib Or V) ,  intercellular adhesion molecule (ICAM -1), vascular cell adhesion molecule -1 and 

endothelial leucocyte adhesion molecule -1 [6]. Hemoglobinopathy C and the host polymorphism that affects p. 

Falciparum erythrocyte membrane protein-1 (Pfemp-1) may protect against malaria by impairing the parasite’s 

ability to cytoadherence to microvessels [7, 8]. CD-36 is the surface receptor adhesion of irbc to endothelial 

cells [9]. Spleen is a major organ to remove malaria parasites from the circulation. Cytoadherence of malaria 

parasites is vital to the parasite survival to escape from splenic removal [10].  Cytoadhesion causes obstruction 

of the microcirculatory blood flow, tissue hypoxia and organ dysfunction. Virulence of the parasites Differs 
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according to the ability of cytoadherence through several parasite receptors such as plasmodium EMP1 (Pfmp1). 

PFEMP1 family mediates cytoadhesion of infected erythrocytes to human endothelium. Antibodies blocking 

cytoadhesion are important mediators of malaria immunity acquired by endemic populations [11]. Platelet-

derived microparticles regulate the pro-inflammatory cytokine production and increase the endothelium 

permeability [12].  

 

Role Of Host Immunity 

TNF alpha, IL-3.granulocyte colony stimulating factor (GM-CSF) are responsible for onset of 

neurological symptoms [6, 13].  Malaria toxin GPI (Glycophosphoinositol) binds to receptors and activates T 

cells and monocytes to secrete proinflammatory cytokines including interleukin (IL)-1, IL-6, IL-12, macrophage 

colony-stimulating factor (M-CSF),TNF , lymphotoxin (LT), and superoxide and nitric oxide (NO) [14]. GPI 

may be non-self in humans, and antibodies to GPI lipid domains may be associated with protection against 

disease [15, 16]. Elevated levels of interferon gamma inducible chemokine, CXCL10, plasma CXCL10 and 

CXCL4 are associated with mortality of cerebral malaria [17, 18]. Cytokine cascade is augmented by some 

chromosomal proteins such as high mobility group box chromosomal protein 1 (HMGB1) which is released 

from damaged cells. Human HMGB1 has been shown to induce permeability in endothelial cells, induce 

proinflammatory responses in macrophages through activation Oftlr2, TLR4, Or Receptor For Advanced 

Glycation Endproducts (RAGE) [19].  Elevated levels of HMGB1 can be used as a prognostic marker of disease 

severity in human severe malaria [20, 21]. IFN gamma plays a crucial role in the clearance of intracellular 

pathogen by inducing the MHC molecules. It also causes expression of gene encoding IDO (Indoleamine 2,3-

Dioxygenase), a rate limiting enzyme of tryptophan metabolism that can generate quinolinic acid (QA).  

Increased central levels of qa is implicated in the causation of hyperexcitability, dementia and neurological 

dysfunctions seen in complicated malaria [22, 23]. CD 40- CD40 ligand binding is important for binding of TNF 

activated platelets to the endothelial cells [24, 25]. IL-1 which increases the expression of ICAM1 and the 

production of cytokines (such as IL-6) by endothelial cells [24]. Microparticles or moieties derived from 

blebbing of membranes of platelets and other cells during malaria infection platelet-derived microparticles can 

modulate the macrophage pro-inflammatory cytokine production and increase the endothelium permeability 

[26]. Cell mediated immunity contributed by CD4+ T Cells has a major role in immunity against malaria 

infection, both in pre-erythrocytic and erythrocytic stage [27, 28]. They help to produce ifn  and help b cells in 

control of malaria.  People living in endemic areas of malaria possess IFN  and IL-10 secreting CD4 + T cells 

[28].  
 

Haematological Abnormalities Contributing Disease Severity 

Disseminated intravascular coagulation (DIC) is a life threatening disorder occurring as a secondary to 

malaria. Expression of tissue factor (TF) is essential in initiation of blood coagulation. It occurs when the 

endothelial cells (EC) are exposed to prbc. Initial stage of coagulation cascade after TF expression is escalated 

by amplification, propagation, and consolidation contributed by active role of sequestered Prbc and activated 

platelets at the sequestered sites [29]. Severe anaemia in malaria can be caused by lysis of infected and 

uninfected RBCs, splenic sequestration of RBCs [30]  dyserythropoiesis and bone marrow suppression [31], 

erythrophagocytosis [32] and chronic transmission of malaria in endemic regions. P. Falciparum-derived 

haempozoin pigment (Pfhz) and cytokines (TNF And IFN) promotes the host immune response and potentially 

Causes suppression of the erythropoietic response [32]. 

Role Of Microglial Cells And Apoptosis In Malaria 

Plasmodium apoptosis-linked pathogenicity factors (PALPF), PALPF-2, PALPF-5 can induce 

endothelial cell death in pulmonary and brain endothelial cells in severe malaria [33].  These factors contribute 

to the development of respiratory distress and neurological dysfunction in severe malaria. CD8
+
 T cells act by 

direct cytotoxicity on endothelial cells by apoptosis or granzyme-induced lysis of cells. This can lead to 

disruption of blood-brain-barrier and development of cerebral malaria. Microglial cells are activated in Human 

cerebral malaria and shown to can produce matrix enzyme, metalloproteinase, and induce cytokines which can 

be applied in destruction of blood brain barrier and spread of infection to the central nervous system and  neuron 

survival [34, 35].   

 

Malaria Pigment: A Potential Prognostic Marker 

Accumulation of haemozoin pigment (HZ) in the phagocytic cells of the immune system is used in the 

diagnosis and prognosis of malaria [36]. P. Falciparum-derived haempozoin pigment (Pfhz) promotes the host 

immune response by activating nod-like receptor of macrophages and potentially causes suppression of the 

erythropoietic response [37, 38].  It can cause monocyte and macrophage dysfunction by impairing phagocytosis 
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and the expression of MHC class II molecules and ICAM1, inhibiting dendritic cell (DC) maturation and 

proliferative responses by leucocytes [38]. 

 

Role Of Nuclear Histones 

Histones are acid-soluble proteins found in chromatin complexes released on rupture of parasites and 

host cells. Level of circulating histones in patients with falciparum malaria is correlated positively with disease 

severity [39]. Histones can cause endothelial permeability and  cytotoxicity by causing disruption of junctional 

proteins and cell death, activate TLR2 and other receptors, leading to the induction of IL-8 and other 

inflammatory mediators. Research is in progress to find out the potential uses of rhAPC that can cleave histones 

in hope to inhibit the cytokine induction and vascular permeability [40, 41]. 

 

Host Susceptibility 

Susceptibility and severity of malaria infection is determined by a variety of host factors. Genetic 

disorders causing Α and Β-Thalassemias, southern asian ovalocytosis (SAO), glucose-6-phosphate 

dehydrogenase (G6PD) reduce parasite growth rate into erythrocytes or by causing a more efficient 

phagocytosis of infected red cells at an early stage of parasite maturation. There is an increased risk with icam-1 

polymorphism resulting in severe malaria [42- 44]. Individuals with a variant of the tnf gene promoter region 

[45] and mutation in TLR gene (TLR4 Asp299Gly) have increased risk of neurological and other fatal 

complications[46].  

 
Host And Parasite Macropahge Inhibitory Factors (Mif) 

Macrophage migration inhibitory factor (MIF) is a cytokine produced mainly by host macrophages. It 

regulates the expression of TNF , nitric oxide and cyclooxygenase 2 (COX 2) [47]. Plasmodium MIF (Pmif) is 

secreted when the parasites ruptured in schizont stage and they are exposed to immune cells in the blood. 

Plasmodium MIF (Pmif) are positively correlated with paarsitemia, TNF A and IL-10. Pmif attenuates 

plasmodium virulence by modulating functions of monocytes in host immune responses [48-52]. 

 

Vector –Parasite Association Affecting The Parasite Virulence 

Studies have shown that vector mortality varies significantly among the different genotypes of parasites 

and environmental conditions [53]. Mosquitoes can not only act as vectors but also modify the virulence of 

paarsites. Mosquito transmission modify the diversity and magnitude of genes such as Rifin and Var  [54] in 

malaria parasite which progress through each step of the life cycle in both vector and host [55, 56].   

II. Conclusion 
Understanding of basic and advances in immunopathological processes that cause endothelial barrier 

dysfunction, sequestration of parasites, destructive effects of host and parasite factors and cytokine storm in 

malaria infection explains the need for defining clinical biomarkers of outcome. It also helps to identify possible 

new targets for management in severe falciparum malaria such as trial of rhAPC to regulate the endothelial 

dysfunction and monoclonal anti-cytokine antibody or other drugs that block cytokine such as TNF to inhibit the 

activated macrophages. 

 

References 
[1] Marsh K, Kinyanjui S. Immune Effector Mechanisms In Malaria. Parasite Immunol. 28(1-2):2006, 51-60. 
[2] Jenkins NE, Chakravorty S.J, Urban B C, Kai O.K, Marsh K, Craig AG . The Effect Of Plasmodium Falciparum Infection On 

Expression Of Monocyte Surface Molecules. Tropical Medicine And Hygiene 100; 2006, 1007—1012. 

[3] Jenkins N, Wu Y, Chakravorty S Et Al .  Plasmodium Falciparum Intercellular Adehesion Molecule-1- Based Cytoadherence-
Related Signaling In Human  Endothelial Cells. J Infect Dis 15;196(2):2007, 321-327. 

[4] Clark, I.A., Awburn, M.M., Harper, C.G., Liomba, N.G., Molyneux, M.E. Induction Of HO-1 In Tissue Macrophages And 

Monocytes In Fatal Falciparum Malaria And Sepsis. Malar. J. 2, 2003 , 41. 
[5] Taylor, T.E., Fu, W.J., Carr, R.A., Whitten, R.O., Mueller, J.S., Fos-Iko, N.G., Lewallen, S., Liomba, N.G., Molyneux, M.E..  

Differentiating The Pathologies Of Cerebral Malaria By Post-Mortem Parasite Counts. Nat. Med. 10, 2004, 143—145 

[6] Pascal R And Peyron F Et Al.  Parasite Virulence Factors During Falciparum Malaria: Resetting, Cytoadherence Nad Modulation 

Of Cytoadherence By Cytokines. Infection And Immunity  61(12) ;1993, 5198-5204. 

[7] Agarwal A, Guindo A, Cissoko Y, Taylor JG, Coulibaly D, Kone A, Kayentao K, Djimde A, Plowe CV, Doumbo O, Wellems TE, 

Diallo D. Hemoglobin C Associated With Protection From Severe Malaria In The Dogon Of Mali, A West African Population With 
A Low Prevalence Of Hemoglobin S. Blood. 96, 2000, 2358–2363. 

[8] Williams TN. Human Red Blood Cell Polymorphisms And Malaria. Curr Opin Microbiol. 9:2006, 388–394. 

[9]  Gruarin P,  Primo L,  Ferrandi C Et Al. Cytoadherence Of Plasmodium Falciparum-Infected Erythrocytes Is Mediated By A 
Redox-Dependent Conformational Fraction Of CD36. The Journal Of Immunology Vol. 167 No. 11 2001, 6510-6517 

[10] Kesinee Chotivanich,, Rachanee Udomsangpetch,, Rose Mcgready. Central Role Of The Spleen In Malaria Parasite Clearance. The 

Journal Of Infectious Diseases 2002;185:1538–41 
[11] Rask TS,   Hansen DA, Theander TG,  Pedersen AG, Lavstse T. Plasmodium Falciparum Erythrocyte Membrane Protein 1 

Diversity In Seven Genomes – Divide And Conquer. PLOS Computational Biology 2010DOI: 10.1371/Journal.Pcbi.1000933  

http://www.ncbi.nlm.nih.gov/pubmed/16438676
http://www.jimmunol.org/search?author1=Paola+Gruarin&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Luca+Primo&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=Chiara+Ferrandi&sortspec=date&submit=Submit


Host and Parasite Immunopathogenesis of Malaria 

DOI: 10.9790/0853-1531134138                              www.iosrjournals.org                                              137 | Page 

[12] Dorothee Faille,Valery Combes, Andrew J. Mitchell Et Al. Platelet Microparticles: A New Player In Malaria Parasite 

Cytoadherence To Human Brain Endothelium. FASEB J.23, 2009, 3449 –3458. Www.Fasebj.Org 

[13] Grau GEV, Kindler PF Et Al. Prevention Of Experimental Cerebral Malaria By Anticytokine Antibodies, Interleukin-3 And 
Granulocyte-Macropahge Colony-Stimulating Factors Are Intermediates In Increased TNF-A Production And Macropahe 

Accumulation. J Exp Med 168, 1988,1499-1504. 

[14] Arrighi RB, Faye I. Plasmodium Falciparum GPI Toxin: A Common Foe For Man And Mosquito. Acta Trop. 114(3), 2010 :162-
165.  

[15] Schofield L, Hewitt MC, Evans K Et Al.  Synthetic GPI As A Candidate Anti-Toxic Vaccine In A Model Of Malaria. Nature 418, 

2002, 785-789.  
[16] Naik, R. S. Et Al. Glycosylphosphatidylinositol Anchors Of Plasmodium Falciparum: Molecular Characterization And Naturally 

Elicited Antibody Response That May Provide Immunity To Malaria Pathogenesis. J. Exp. Med. 192,2000, 1563-1576. 

[17] Wilson NO, Jain V, Roberts CE, Lucchi N Et Al.  CXCL4 And CXCL10 Predict Risk Of Fatal Cerebral Malaria. Dis Markers. 
230(1), 2011:39-49. Doi: 10.3233/DMA-2011-0763. 

[18] Wilson N, Driss A, Solomon W, Dickinson-Copeland C, Salifu H, Jain V, Et Al.  CXCL10 Gene Promoter Polymorphism -

1447A>G Correlates With Plasma CXCL10 Levels And Is Associated With Male Susceptibility To Cerebral Malaria. Plos ONE 
8(12): 2013. E81329. Doi:10.1371/ Journal.Pone.0081329 

[19] Scaffidi P, Misteli T And Bianchi ME. Release Of Chromatin Protein HMGB1 By Necrotic Cells Triggers Inflammation.  Nature. 

Jul 11;418,(6894), 2002 ,  191-195 
[20] Higgins SJ, Xing K, Kim H, Kain DC Et Al (2012) Systemic Release Of High Mobility Group Box 1 (HMGB1) Protein Is 

Associated With Severe And Fatal Plasmodium Falciparum Malaria. Malaria Journal  2013, 12:105 

[21] Hunt NH, Ball HJ, Hansen AM Et Al. Cerebral Malaria: Gamma-Interferon Redux. Front Cell Infect Microbiol. 2014; 4: 11 
Published Online 2014 Aug 15. Doi: 10.3389/Fcimb.2014.00113. 

[22] Medana IM, Day NPJ, Salahifar-Sabet Et Al  (2003) Metabolites Of The Kynurenine Pathway Of Tryptophan Metabolism In The 

Cerebrospinal Fluid Of Malawian Children With Malaria. JID 188; 2003, 844-949. 
[23] Schofield L And Grau GE. Immunological Processes In Malaria Pathogenesis. Nature Reviews Immunology 5, 722-735; 

Doi:10.1038/Nri1686 

[24]  Piguet PF,  Kan CD,  Vesin C, Rochat A. Role Of CD40-CD40L In Mouse Severe Malaria. Am J Pathol. 159(2), 2001, 733–742. 
[25] Couper KN , Barnes T, Hafalla JCR, Combes V, Ryffel B, Sechert. Parasite-Derived Plasma Microparticles Contribute 

Significantly To Malaria Infection-Induced Inflammation Through Potent Macrophage Stimulation. PLOS Pathogens DOI: 

10.1371/Journal.Ppat.1000744  
[26] Gitau EN,  Tuju J, Karanja H , Stevenson  L, Marsh K, Bull P And Urban BC Et Al. CD4+ T Cell Responses To Plasmodium 

Falciparum Eryhthrocyte Membrane Protein 1 In  Children With Mild Malaria.  J Immunol  Available At Http:// 

Www.Jimmunol.Org /Content/Early/2014/01/22 /Jimmunol .1200547 
[27] Perez-Maliah D And Langhorne J. CD4-T Cell Subsets In Malaria: TH1/TH2 Revisited. Front Immunol. 2014; 5: 671. Published 

Online 2015 Jan 12. Doi:  10.3389/Fimmu.2014.00671 

[28] Ivo M. B. Francischetti, Karl B. Seydel, And Robson Q. Monteiro.  Blood Coagulation, Inflammation And Malaria. 
Microcirculation. Feb; 15(2): 2008 , 81–107. Doi:  10.1080/10739680701451516 

[29] Imamura T, Sugiyama T, Cuevas LE, Makunde R And Nakamura S. Expression Of Tissue Factor , The Clotting Initiator, On 
Macropahges In Plasmodium Falciparum Infected Placentas.J Infect Dis 186(3):2002, 436-440 

[30] David PH, Hommel M, Miller LH Et Al. Parasite Sequestration In  Plasmodium Falciparum Malaria: Spleen And Antibody 

Modulation Of Cytoadherence Of Infected Erythrocytes. Proc Natl Acad Sci USA 1983; 80;5075-5079. 
[31] Wickramasinghe SN, Looareesuwan S, Nagachinta B, White NJ. Dyserythropoiesis And Ineffective Erythropoiesis In Plasmodium 

Vivax Malaria. Br J Haematol. May;72(1)1989, 91-99. 

[32] Arese P, Turrini F, Ginsburg H. Erythrophagocytosis In Malaria: Host Defence Or Menace To The Macrophage? Parasitology 
Today 1991; 7(1)    

[33] Perkins DJ, Tom Were, Gregory C. Davenport, Prakasha Kempaiah Et Al.Severe Malarial Anaemia: Innate Immunity And 

Pathogenesis. Int J Biol Sci. 7(9),2011, 1427–1442.  
[34] N'Dilimabaka N, Taoufiq Z, Zougbédé S, Bonnefoy S, Lorthiois A, Couraud PO, Et Al. P. Falciparum Isolate-Specific Distinct 

Patterns Of Induced Apoptosis In Pulmonary And Brain Endothelial Cells. Plos ONE 9(3):2014,  E90692. 

Doi:10.1371/Journal.Pone.0090692  
[35] Mariani MM And Kielian T. Microglia In Infectious Disease Of The Central Nervous System.  J Neuroimmune Pharmacol 4(4), 

2009, 448-446. 

[36] Schcluesener H, Kremsner P And Meyermann R. Widespread Expression Of MRP-8 And MRP14 In Human Cerebral Malaria By 
Microglial Cells. Acta Neuropathol  96 , 1998, 575–580. 

[37] Olivier M, Van Den Ham K,  Shio MT Et Al. Malarial Pigment Hemozoin And The Innate Inflammatory Response. Front Immunol. 

2014; 5: 25. Doi:  10.3389/Fimmu.2014.00025 
[38] Perkins DJ, Were T, Davenport GC, Kempaiah P, Hittner JB, Ong'echa JM. Severe Malarial Anemia: Innate Immunity And 

Pathogenesis. Int J Biol Sci 2011; 7(9):1427-1442. Doi:10.7150/Ijbs.7.1427.  

[39] Dong Liu,  Rhebergen AM And Stephanie C. Eisenbarth SC. Licensing Adaptive Immunity By NOD-Like Receptors. Front 
Immunol 2013;4:486; Doi:  10.3389/Fimmu.2013.00486 

[40] Mark R. Gillrie MR , Lee KD. Gowda C,. Davis SP. Plasmodium Falciparum Histones Induce Endothelial Proinflammatory 

Response And Barrier Dysfunction. Immunopathology And Infectious Diseases. Am J Pathol 2012, 180:1028–1039; DOI 

10.1016/J.Ajpath.2011.11.037 
[41] Xu J, Zhang X, Pelayo R, Monestier M, Ammollo CT, Semeraro F,Taylor FB, Esmon NL, Lupu F, Esmon CT: Extracellular 

Histones Are Major Mediators Of Death In Sepsis. Nat Med 2009, 15:1318–1321 

[42] Monal Sharma, Chhaya Dhiman, Poonam Dangi, Shailja Singh. Designing Synthetic Drugs Against Plasmodium Falciparum: A 
Computational Study Of Histone-Lysine N-Methyltransferase (Pfhkmt). Syst Synth Biol (2014) 8:155–160 DOI 10.1007/S11693-

014-9144-8 

[43] Fortin A, Stevenson MM And  Gros P. Susceptibility To Malaria As A Complex Trait: Big Pressure From A Tiny Creature. Human 
Molecular Genetics, 2002, Vol. 11, No. 202469–2478 

[44] Mackinnon MJ, Mwangi TW, Snow RW, Marsh K, Williams TN (2005) Heritability Of Malaria In Africa. DOI: 

10.1371/Journal.Pmed.002034 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Arrighi%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=19539593
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faye%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19539593
http://www.ncbi.nlm.nih.gov/pubmed/19539593
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20NO%5BAuthor%5D&cauthor=true&cauthor_uid=21508508
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jain%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21508508
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=21508508
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lucchi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21508508
http://www.ncbi.nlm.nih.gov/pubmed/21508508
http://www.ncbi.nlm.nih.gov/pubmed/12110890
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23506269
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xing%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23506269
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23506269
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kain%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=23506269
http://www.nature.com/nri/journal/v5/n9/full/nri1686.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piguet%20PF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Da%20Kan%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vesin%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rochat%20A%5Bauth%5D
http://www.jimmunol.org/
http://dx.doi.org/10.3389%2Ffimmu.2014.00671
http://www.ncbi.nlm.nih.gov/pubmed/?term=Francischetti%20IM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seydel%20KB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Monteiro%20RQ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18260002
http://dx.doi.org/10.1080%2F10739680701451516
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wickramasinghe%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=2660903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Looareesuwan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2660903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagachinta%20B%5BAuthor%5D&cauthor=true&cauthor_uid=2660903
http://www.ncbi.nlm.nih.gov/pubmed/?term=White%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=2660903
http://www.ncbi.nlm.nih.gov/pubmed/2660903
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perkins%20DJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Were%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davenport%20GC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kempaiah%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olivier%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Den%20Ham%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shio%20MT%5Bauth%5D
http://dx.doi.org/10.3389%2Ffimmu.2014.00025
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhebergen%20AM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eisenbarth%20SC%5Bauth%5D
http://dx.doi.org/10.3389%2Ffimmu.2013.00486


Host and Parasite Immunopathogenesis of Malaria 

DOI: 10.9790/0853-1531134138                              www.iosrjournals.org                                              138 | Page 

[45] De Mendonça VRR ,  Goncalves MS, And Barral-Netto M. The Host Genetic Diversity In Malaria Infection. Journal Of Tropical 

Medicine Volume 2012 (2012), Article ID 940616, 17 Pages Http://Dx.Doi.Org/10.1155/2012/940616 

[46] Meyer CG, J. May, A. J. Luty, B. Lell, And P. G. Kremsner, ―Tnfα-308A Associated With Shorter Intervals Of Plasmodium 
Falciparum Reinfections,‖ Tissue Antigens, Vol. 59, (4), 2002,  287–292 

[47] Mockenhaupt P, Cramer JP,  Hamann L Et Al., ―Toll-Like Receptor (TLR) Polymorphisms In African Children: Common TLR-4 

Variants Predispose To Severe Malaria, Proceedings Of The National Academy Of Sciences Of The United States Of America, Vol. 
103, No. 1, 2006,  177–182 

[48] Rosado JD, Rodriguez-Sosa M. Macrophage Migration Factor (MIF): A Key Player In Protozoan Infections. Int J Biol Sci 7(9) 

2011, 1239-1256 Doi:10.7150/Ijbs.7.1239 
[49] Fernandes A.A, Carvalho LJ, Zanini GM. Et Al. Similar Cytokine Responses And Degrees Of Anemia In Patients With 

Plasmodium Falciparum And Plasmodium Vivax Infections In The Brazilian Amazon Region. Clin Vaccine Immunol. 

2008;15(4):650-8 
[50] Han C, Lin Y, Shan G,   Zhang Z Et Al . Plasma Concentration Of Malaria Parasite-Derived Macrophage Migration Inhibitory 

Factor In Uncomplicated Malaria Patients Correlates With Parasitemia And Disease Severity . Clin Vaccine Immunol October 2010 

Vol. 17 No. 10 1524-1532 
[51] Bozza MT, Martins YC, Carneiro LAM, And Paiva CN . Macrophage Migration Inhibitory Factor In Protozoan Infections. Journal 

Of Parasitology Research Volume 2012 (2012), Article ID 413052, 12  

[52] Damien V, Cordery DV, Kishore U, Kyes S, Shafi MJ, Watkins KR Et Al. Characterization Of A Plasmodium Falciparum 
Macrophage-Migration Inhibitory Factor Homologue.  J Infect Dis. (2007) 195 (6): 905-912. Doi: 10.1086/511309  

[53] Ferguson HM And Read AF. Genetic And Environmental Determinants Of Malaria Parasite Virulence In Mosquitoes. Proc R Soc 

Lond B 269;2002, 1217- 1224.  
[54] Mackinnon MJ. The Role Of Immunity In Mosquito-Induced Attenuation Of Malaria Virulence. Malar J. 2014; 13: 25. Doi: 

10.1186/1475-2875-13-25. Pmid:24443873 

[55] Florens L, Washburn MP, Raine JD, Anthony RM, Grainger M, Haynes JD, Et Al. A Proteomic View Of The Plasmodium 
Falciparum Life Cycle. Nature. 2002; 419(6906): 520–526. Pmid:12368866 Doi: 10.1038/Nature01107 

[56] Spence PJ, Brugat T, Langhorne J (2015) Mosquitoes Reset Malaria Parasites. Plos Pathog 11(7): E1004987. 

Doi:10.1371/Journal.Ppat.1004987 
 

 

 

http://cvi.asm.org/search?author1=Cong+Han&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Yahui+Lin&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Guangliang+Shan&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Zaixing+Zhang&sortspec=date&submit=Submit

