
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 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. Immunopathological changes 
and dysregulation of cytokine production 
play central role in pathogenesis and disease 
severity in malaria. 

INTRODUCTION 

Malaria caused by the intracellular parasite 
Plasmodium, affects many people in the 
world especially those living in tropical 
countries. It affects the vital organs causing 
severe complicated malaria. Life-threatening 
complications such as cerebral malaria, 
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coagulation abnormalities, respiratory distress 
and severe anaemia can increase the mortality 
of malaria infected cases1. Variation in 
individual susceptibility and severity as well as 
type of clinical presentations of malaria raises 
the need for study of both the parasite and host 
immunopathological mechanisms. Cytokines 
released by the host cells upon induction by 
parasite surface antigens play important role 
in tissue damage and red cell sequestration 
seen in severe malaria. Immunopathological 
basis of severe malaria and their importance 
in outcome prediction and success of 
management should be explored.

Endothelial Activation  and Parasite 
Cytoadherence 

Endothelial activation is a major pathogenetic 
mechanism in malaria pathogenesis. 
Plasmodium falciparum erythrocyte 
membrane protein-1 from parasites (PfEMP) is 
a product of diverse var gene2 – 5.  PfEMP forms 
knobs on the parasitized red cell surface and 
binds ligands including CD36 and E-elastin on 
the endothelial cells which are then activated. 
Increased expression of adhesion molecules 
on endothelial surfaces occur and result in 
sequestration of red blood cells leading to 
ischaemia of the organ affected. Endothelial 
permeability is augmented by cytokine 
cascade3. 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. 
Endothelial surface expression of intercellular 
adhesion molecule-1 (ICAM-1), endothelial 
protein C receptor (EPCR) and PECAM-1 are 
augmented in severe cases of falciparum 
malaria2. These augment the inflammation 
around the minute vessels and lead to tissue 
and endothelial injury of pulmonary and 
brain microvasculature causing acute lung 
injury and disruption of blood brain barrier in 
cerebral malaria. 

	 ICAM-1 and EPCR are receptors involved 
in cerebral malaria6. Studies showed that 
some haemoglobinopathies cause limited red 
cell invasion by the parasites. Haemoglobin 
S causes sickling of parasitized red cells 
rendering protection of malaria. Homozygous 
(HbSS) and heterozygous (HbAS) states 
have host microRNA (mRNA) profiles which 
after fusion with parasite mRNA render 
inhibition of parasite growth intracellularly. 
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 
microvessels7 – 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 
removal10.  Virulence of the parasites differs 
according to the ability of cytoadherence 
through several parasite receptors such as 
plasmodium EMP1 (PfMP1). PfEMP1 proteins 
mediate cytoadhesion of parasitized red cells 
lining cells of the organ microvasculature. 
pfEMP1 has dual binding specificity and these 
structures can be divided into group A (EPCR 
binders) and group B (CD 36 binders). Cerebral 
malaria is caused by dual binding of PfEMP 
to ICAM-1 and endothelial protein C receptor 
(EPCR) and this fact can be implicated in 
prevention of cerebral malaria in future11 – 13. 

Host Immunopathogenesis

In endemic areas of malaria, there is 
development of immunity by forming 
acquired antibodies against variant surface 
antigen (VSA) such as PfEMP, MSP3 and GLURP 
(RO)11. Microparticles derived from platelets or 
parasitized RBC are seen in association with 
cerebral malaria in the sites of inflammation. 
Platelet-derived microparticles activate the 
capillary endothelium and regulate the pro-
inflammatory cytokine production leading 
to increased vascular permeability14, 15. 
Overproduction of TNFα, IL-1β and chemokines 
induced by plasmodium glycophosphoinositol 
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(GPI) are responsible for disease mortality and 
deterioration6, 16. Antibodies to GPI is closely 
correlated with parasitaemia and disease 
severity15 – 18. Cytokine cascade is augmented 
by some chromosomal proteins called high 
mobility group box chromosomal protein 
1 (HMGB1) which is secreted by activated 
mononuclear cells and passively through 
damaged cells.  Levels of  HMGB1 has been 
shown to parallel with disease severity 
and  to induce permeability in endothelial 
cells, induce proinflammatory responses in 
macrophages through activation ofTLR2, 
TLR4, or receptor for advanced glycation end 
products (RAGE)19, 20.  Elevated levels of HMGB1 
can be used as a prognostic marker of disease 
severity in severe malaria20, 21. IFNγ plays a 
crucial role in the clearance of intracellular 
pathogen by inducing the MHC molecules22. 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 
level of QA is implicated in the causation of 
hyperexcitability, dementia and neurological 
dysfunctions seen in complicated malaria23. 
CD40/CD40 ligand binding is important 
for binding of TNF activated platelets to 
the endothelial cells24, 25. IL-1 increases the 
expression of ICAM1 and the production of 
cytokines (such as IL-6) by endothelial cells24. 
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 stage27, 28. They help to produce 
IFNγ and help B cells in control of malaria. 
People living in endemic areas of malaria 
possess IFNγ and IL-10 secreting CD4+ T cells28. 

Cytokines-Enhanced Haematological 
Abnormalities 

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 sites29. Severe anaemia 
in malaria can be caused by lysis of infected 
and uninfected RBCs, splenic sequestration 
of RBCs30 dyserythropoiesis and bone marrow 
suppression31, erythrophagocytosis32 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 response32.

Role of Microglial Cells and Apoptosis in 
Malaria 

Plasmodium apoptosis-linked pathogenicity 
factors (PALPF), PALPF-2, PALPF-5 can 
induce endothelial cell death in lining cells 
of microcapillaries in brain and lungs  in 
severe malaria which are responsible for the 
development of acute respiratory distress and 
neurological abnormalities in severe malaria33. 
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 
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 survival34, 35.  
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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 malaria36. 
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 response37, 38.  It can cause 
monocyte and macrophage dysfunction by 
impairing phagocytosis and the expression of 
MHC class II molecules and ICAM1, inhibiting 
dendritic cell (DC) maturation and proliferative 
responses by leucocytes38.

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 severity39. 
Histones can cause endothelial permeability 
and cytotoxicity by causing disruption of 
junctional proteins leading to cell death. 
Activation of toll like receptor (TLR2) and 
other receptors induces the release 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 
permeability40, 41.

Host Susceptibility
  
Susceptibility and severity of malaria infection 
is determined by a variety of host factors. Red 
blood cells carrying haemoglobin S (HbAS), 
HbAE, G6PD deficiency and alpha and beta 
thalassemia have reduced risk of developing 
severe anaemia by various protective effects 
such as reduced red cell invasion or impaired 
multiplication of parasites42. There are 
increased susceptibility and risk of severe 
malaria in individuals with polymorphism 
of adhesion molecules and cytokine such as 

ICAM-1, PECAM1, TLR, CXCL10 and tumour 
necrosis factor (TNF)43 – 48.   

Host and Parasite Macrophage Inhibitory 
Factors (MIF) 

Macrophage migration inhibitory factor 
(MIF) is a cytokine produced mainly by host 
macrophages. It regulates the expression of 
TNF α and inflammatory mediators such as 
nitric oxide and cyclooxygenase 2 (COX 2)49. 
Plasmodium MIF (pMIF) is secreted when 
the parasites ruptured in schizont stage and 
they are exposed to immune cells. Levels 
of plasmodium MIF (pMIF) are positively 
correlated with parasitaemia, TNF a and IL-
10. pMIF attenuates Plasmodium virulence by 
modulating functions of monocytes in host 
immune responses49 – 51.

Vector-Parasite Association Affecting the 
Parasite Virulence

Studies have shown that vector mortality 
varies significantly among the different 
genotypes of parasites and environmental 
conditions52. Mosquitoes not only act as 
vectors but also modify the virulence of 
parasites. Transcriptomic studies showed after 
several blood passages, there is an expression 
of PIR gene in blood-stage parasites and 
increased virulence53. Mosquito transmission 
modifies the diversity and magnitude of gene 
such as rifin and var54 in malaria parasite which 
progress through each step of the lifecycle in 
both vector and host55, 56.  

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 
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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. (2006). Immune effector 
mechanisms in malaria. Parasite Immunol 28 
(1 – 2): 51 – 60.

2. 	 Jenkins NE, Chakravorty SJ, Urban BC, Kai 
OK, Marsh K, Craig AG. (2006). The effect 
of Plasmodium falciparum infection on 
expression of monocyte surface molecules. 
Tropical Medicine and Hygiene 100: 1007 – 
1101.

3. 	 Jenkins N, Wu Y, Chakravorty S, Kai O, Marsh 
K, Craig A. (2007). Plasmodium falciparum 
intercellular adehesion molecule-1- based 
cytoadherence-related signaling in human 
endothelial cells. J Infect Dis 15, 196 (2): 321 
– 327.

4. 	 Clark IA, Awburn MM, Harper CG, Liomba NG, 
Molyneux ME. (2003). Induction of HO-1 in 
tissue macrophages and monocytes in fatal 
falciparum malaria and sepsis. Malar J2: 41.

5. 	 Taylor TE, Fu WJ, Carr RA, Whitten RO, Mueller JS, 
Fos-iko NG, Lewallen S, Liomba NG, Molyneux 
ME. (2004).  Differentiating the pathologies 
of cerebral malaria by post-mortem parasite 
counts. Nat Med 10: 143 – 145.

6. 	 Ringwald P, Peyron F, Lepers JP,  Rabarison 
P, Rakotomalala C, Razanamparany M, 
Rabodonirina M, Roux J, Le Bras J. (1993).  
Parasite virulence factors during falciparum 
malaria: Resetting, cytoadherence nad 
modulation of cytoadherence by cytokines. 
Infection and Immunity 61 (12): 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. (2000). 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: 2358 
– 2363.

8. 	 Williams TN. (2006).  Human red blood cell 
polymorphisms and malaria. Curr Opin 
Microbiol 9: 388 – 394.

9. 	 Gruarin P, Primo L, Ferrandi C, Bussolino 
F, Tandon NN, Arese P, Ulliers D, Alessio 
M. (2001). Cytoadherence of Plasmodium 
falciparum-infected erythrocytes is mediated 
by a redox-dependent conformational 
fraction of CD36. The Journal of Immunology 
167 (11): 6510 – 6517.

10. 	 Chotivanich K, Udomsangpetch R, McGready 
R. (2002). Central role of the spleen in malaria 
parasite clearance. The Journal of Infectious 
Diseases 185: 1538 – 1541.

11. 	 Avril M, Bernabeu M, Benjamin M, Brazier 
AJ, Smith JD. (2016). Interaction between 
endothelial protein C receptor and 
intercellular adhesion molecule 1 to mediate 
binding of plasmodium falciparum-infected 
erythrocytes to endothelial cells. M Bio 12, 
7(4): e00615 – e00616.

12. 	 Adams Y, Kuhnrae P, Higgins M K, Rowe JA. 
(2014). Resetting Plasmodium falciparum-
infected erythrocytes bind to human brain 
microvascular endothelial cells in vitro, 
demonstrating a dual adhesion phenotype 
mediated by P falciparum erythrocyte 
membrane protein 1 domains. Infect 
Immune 82 (3): 949 – 959.

13. 	 Rask TS, Hansen DA, Theander TG, Pedersen 
AG, Lavstse T. (2010). Plasmodium falciparum 
erythrocyte membrane protein 1 diversity in 
seven genomes – divide and conquer. PLOS 
Computational Biology 6 (9): 1 – 23. DOI: 
10.1371/journal.pcbi.1000933. 

14. 	 Faille D, Combes V, Mitchell AJ, Fontaine A, 
Juhan-Vague I, Alessi M, Chimini G, Fusai T, 
Grau GE. (2009). Platelet microparticles: a 
new player in malaria parasite cytoadherence 
to human brain endothelium. FASEB J 23: 
3449 -58.

15. 	 Tamura T, Kimura K, Yuda M, Yui K. (2011). 
Prevention of experimental cerebral 
malaria by Flt3 ligand during infection with 
Plasmodium berghei ANKA. Infect Immun 79 
(10): 3947 – 3956. DOI: 10.1128/IAI.01337-10.

16. 	 Arrighi RB, Faye I. (2010) Plasmodium 
falciparum GPI toxin: A common foe for man 
and mosquito. Acta Trop 114 (3): 162 – 165. 

17. 	 Schofield L, Hewitt MC, Evans K, Siomos 
MA, Seeberger PH. (2002). Synthetic GPI as 
a candidate anti-toxic vaccine in a model of 
malaria. Nature 418: 785 – 789.



8

Borneo Journal of Medical Sciences 12 (3) Sept, 2018:  3 – 1011 (3): 35 – 38

18. 	 Naik RS, Branch OH, Amina S, Woods AS, 
Vijaykumar M, Perkins DJ, Nahlen BL, Lal 
AA,   Cotter RJ, Costello CE, Ockenhouse 
CF, Davidson EA, Gowda DC. (2000). 
Glycosylphosphatidylinositol anchors 
of Plasmodium falciparum: Molecular 
characterization and naturally elicited 
antibody response that may provide 
immunity to malaria pathogenesis. J Exp 
Med 192: 1563 – 1576.

19. 	 Wilson NO, Jain V, Roberts CE, Lucchi N, 
Joel PK, Singh MP, Nagpal AC, Dash AP, 
Udhayakumar V, Singh N, Stiles JK. (2011). 
CXCL4 and CXCL10 predict risk of fatal 
cerebral malaria. Dis Markers 230 (1): 39 – 49. 
DOI: 10.3233/DMA- pp 2011-0763.

20. 	 Scaffidi P, Misteli T, Bianchi ME. (2002). 
Release of chromatin protein HMGB1 by 
necrotic cells triggers inflammation. Nature 
Jul 11, 418, (6894):191 – 195.

21. 	 Higgins SJ, Xing K, Kim H, Kain DC, Wang F, 
Dhabangi A, Musoke C, Cserti-Gazdewich 
CM, Tracey KJ, Kain KC, Liles WC. (2012) 
Systemic release of high mobility group box 
1 (HMGB1) protein is associated with severe 
and fatal Plasmodium falciparum malaria. 
Malaria Journal 12: 105.

22. 	 Hunt NH, Ball HJ, Hansen AM, Khaw LT, Guo 
J, Bakmiwewa S, Mitchell AJ, Combes V, 
Grau GE. (2014). Cerebral malaria: Gamma-
interferon redux. Front Cell Infect Microbiol 4: 
11. DOI: 10.3389/fcimb.2014.00113 pp1-12.

23. 	 Medana IM, Day NP, Salahifar-Sabet H, 
Stocker R, Smythe G, Bwanaisa L, Njobvu 
A, Kayira K, Turner GD, Taylor TE, Hunt NH. 
(2003). Metabolites of the kynurenine 
pathway of tryptophan metabolism in the 
cerebrospinal fluid of Malawian children 
with malaria. JID 188: 844 – 949.

24. 	 Schofield L, Grau GE. (2005). Immunological 
processes in malaria pathogenesis. Nature 
Reviews Immunology 5: 722 – 735.

25. 	 Piguet PF, Kan CD, Vesin C, Rochat A. (2001). 
Role of CD40-CD40L in mouse severe 
malaria. Am J Pathol 159 (2): 733 – 742.

26. 	 Couper KN, Barnes T, Hafalla JCR, Combes 
V, Ryffel B, Secher T. (2010). Parasite-
derived plasma microparticles contribute 
significantly to malaria infection-induced 
inflammation through potent macrophage 
stimulation. PLOS Pathogens 6 (1):1 – 13. 
DOI: 10.1371/journal.ppat.1000744 

27. 	 Gitau EN, James TJ,  Karanja H, Stevenson 
L, Requena P, Kimani E, Olotu A,  Kimani D, 
Marsh K, Bull P, Urban BC. (2014). CD4+ T 
cell responses to plasmodium falciparum 
eryhthrocyte membrane protein 1 in 
children with mild malaria.  J Immunol 192 
(4): 1753 – 1761. Available at http:// www.
jimmunol.org/content/early/2014/01/22/
jimmunol.1200547.

28. 	 Perez-Maliah D, Langhorne J. (2015). CD4-T 
cell subsets in malaria: TH1/TH2 revisited. 
Front Immunol 5: 671.

29. 	 Francischetti IMB, Seydel KB, Monteiro RQ. 
(2008). Blood coagulation, inflammation 
and malaria. Microcirculation Feb 15 (2): 81 
– 107. DOI:  10.1080/10739680701451516

30. 	 Imamura T, Sugiyama T, Cuevas LE, Makunde 
R, Nakamura S. (2002). Expression of tissue 
factor the clotting initiator, on macrophages 
in plasmodium falciparum infected 
placentas. J Infect Dis 186 (3): 436 – 440.

31. 	 Helleberg M, Goka BQ, Akanmori BD, Obeng-
Adjei G, Rodriques O, Kurtzhals. (2005). Bone 
marrow suppression and severe anaemia 
associated with persistent Plasmodium 
falciparum infection in African children with 
microscopically undetectable parasitaemia. 
Malar J 4 (56): 1 – 7.

32. 	 Arese P, Turrini F, Ginsburg H. (1991). 
Erythrophagocytosis in malaria: Host 
defence or menace to the macrophage? 
Parasitology Today 7 (1): 123 – 128.   

33. 	 Nadine N, Dilimabaka N, Taoufiq Z, Zougbede 
S, Bonnefoy SM, Lorthiosis A, Couraud PO, 
Rebollo A, Snounou G, Mazier D, Sabater AM. 
(2014). 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 

34. 	 Mariani MM, Kielian T. (2009). Microglia in 
infectious disease of the central nervous 
system. J Neuroimmune Pharmacol 4 (4): 
448 – 446.

35. 	 Schcluesener H, Kremsner P, Meyermann 
R. (1998). Widespread expression of MRP-8 
and MRP14 in human cerebral malaria by 
microglial cells. Acta Neuropathol 96: 575 – 
580.

36. 	 Olivier M, Van Den Ham K, Shio MT, Kassa 
FA, Fougeray S. (2014). Malarial pigment 
hemozoin and the innate inflammatory 
response. Front Immunol 5: 25. DOI:  
10.3389/fimmu.2014.00025.



9

Patients’ Knowledge, Attitude and Practice towards Painkillers: Tawau Hospital Experience

37. 	 Perkins DJ, Were T, Davenport GC, Kempaiah 
P, Hittner JB, Ong’echa JM. (2011). Severe 
malarial anemia: Innate immunity and 
pathogenesis. Int J Biol Sci 2011, 7 (9): 1427 
– 1442. DOI:10.7150/ijbs.7.1427. 

38. 	 Dong Liu, Rhebergen AM, Stephanie 
C, Eisenbarth SC. (2013). Licensing 
adaptive immunity by NOD-like receptors. 
Front Immunol 4: 486. DOI: 10.3389/
fimmu.2013.00486

39. 	 Mark R, Gillrie MR, Lee KD, Gowda C, Davis 
SP. (2012). Plasmodium falciparum histones 
induce endothelial proinflammatory 
response and barrier dysfunction. 
Immunopathology and Infectious Diseases. 
Am J Pathol 180: 1028 – 1039. DOI: 10.1016/j.
ajpath.2011.11.037

40. 	 Xu J, Zhang X, Pelayo R, Monestier M, 
Ammollo CT, Semeraro F,Taylor FB, Esmon 
NL, Lupu F, Esmon CT. (2009).  Extracellular 
histones are major mediators of death in 
sepsis. Nat Med 15: 1318 – 1322.

41. 	 Monal Sharma, Chhaya Dhiman, Poonam 
Dangi, Shailja Singh. (2014). Designing 
synthetic drugs against Plasmodium 
falciparum: A computational study of 
histone-lysine N-methyltransferase 
(PfHKMT). Syst Synth Biol 8: 155 – 160. DOI: 
10.1007/s11693-014-9144-8.

42. 	 Min_OG, Gros P. (2005). Erythrocyte variants 
and the nature of their malaria protective 
effect. Cellular Microbiology (6): 753 – 763.

43. 	 Sinha S, Qidwai T, Kanchan K, Anand P, Jha 
GN, Pati SS, Mohanty S, Mishra SK, Tyagi 
PK, Sharma SK. (2008). Variations in host 
genes encoding adhesion molecules and 
susceptibility to falciparum malaria in India. 
Malaria J 7 (250):1 – 9.

44. 	 de Mendonça VRR,  Goncalves MS, Barral-
Netto M. (2012). The host genetic diversity 
in malaria infection. Journal of Tropical 
Medicine 1 – 17. Available at http://dx.doi.
org/10.1155/2012/940616

45. 	 Apinjoh TO, Anchang-Kimbi JK, Njua-Yafi C, 
Mugri RN, Ngwai AN, Rockett KA, Mbunwe E, 
Besingi RN, Clark TG, Kwiatkowski DP, Achidi 
EA. (2013). Association of cytokine and toll-
like receptor gene polymorphisms with 
severe malaria in three regions of Cameroon. 
PLoS ONE 8 (11): e81071.  Available at https://
doi.org/10.1371/ journal.pone.0081071

46.	 Gichohi-Wainaina WN, Melse-Boonstra A, 
Feskens EJ, Demir AY, Veenemans J, Verhoef H. 
(2015). Tumour necrosis factor allele variants 
and their association with the occurrence 
and severity of malaria in African children: A 
longitudinal study. Malaria Journal 14 (249): 
1 – 11. DOI: 10.1186/s12936-015-0767-3

47.	 Wilson N, Driss A, Solomon W, Dickinson-
Copeland C, Salifu H, Jain V, Singh N, 
Stiles J (2013).  CXCL10 Gene Promoter 
Polymorphism -1447A>G Correlates with 
Plasma CXCL10 Levels and is associated with 
male Susceptibility to cerebral malaria. PLoS 
ONE 8 (12): e81329. DOI: 10.1371/ journal.
pone.0081329

48. 	 Mockenhaupt FP,  Cramer JP, Hamann L, 
Stegemann MS, Eckert J, Oh NR, Otchwemah 
RN,  Dietz E, Ehrhardt S, Schröder NWJ, 
Bienzle U, Ralf R, Schumann RR. (2006). 
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 103 (1): 177 – 182.

49. 	 Rosado JD, Rodriguez-Sosa M. (2011). 
Macrophage migration factor (MIF): A key 
player in protozoan infections. Int J Biol Sci 
7 (9): 1239 – 1256. DOI:10.7150/ijbs.7.1239

50. 	 Han C, Lin Y, Shan G, Zhang Z, Sun X, Wang Z, 
Wei C, Deng Y, Zhang L, Bu L, Shao D, Wang 
H. (2010). Plasma concentration of malaria 
parasite-derived macrophage migration 
inhibitory factor in uncomplicated malaria 
patients correlates with parasitemia and 
disease severity. Clin Vaccine Immunol 17 
(10): 1524 – 1532.

51. 	 Bozza MT, Martins YC, Carneiro LAM, Paiva 
CN. (2012). Macrophage migration inhibitory 
factor in protozoan infections. Journal of 
Parasitology Research, Article ID 413052, 12.

52. 	 Ferguson HM, Read AF. (2002). Genetic and 
environmental determinants of malaria 
parasite virulence in mosquitoes. Proc R Soc 
Lond B 269: 1217 – 1224. 

53. 	 Lee HJ, Georgiadou A, Otto TD, Levin 
M, Coin LJ, Conway DJ, Cunnington AJ. 
(2018). Transcriptomic studies of malaria: A 
paradigm for investigation of systemic host-
pathogen interaction. Microbiol Mol Biol 
Rev. 82 (2) e00071-17: 1 – 37.



10

Borneo Journal of Medical Sciences 12 (3) Sept, 2018:  3 – 1011 (3): 35 – 38

54. 	 Mackinnon MJ. (2014). The role of immunity 
in mosquito-induced attenuation of malaria 
virulence. Malar J 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. (2002). 
A proteomic view of the Plasmodium 
falciparum life cycle. Nature  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): 1 – 5, e1004987. DOI:10.1371/
journal.ppat.1004987


