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Introduction:

The word malaria comes from two Italian words ‘mal’ meaning ‘bad’ and ‘aria’ meaning ‘air’ (bad air), as it was believed to be caused by offensive smell from the swamp. (7)     
Malaria is transmitted through a bite of an infected female Anopheles mosquito, blood transfusion, transplacental, and inoculations with contaminated needles as in drug addicts. (7, 19)

There are about 400 species of Anopheles mosquitoes, out of which 80 can transmit malaria.

Malaria does not occur at temperature less than 16oc or more than 33o c, and altitude of more than 2000 meters. The optimum temperature for transmission is between 20 – 30o c and with high humidity. (7)
Definitions: (7)
Malaria infection: Is the presence of malaria parasites in the blood without signs and symptoms.

Malaria disease: Is an acute systemic illness caused by protozoa Plasmodium.

Aetiology: (3)
Human malaria is caused by four species of Plasmodia:

· Plasmodia falciparum.

· Plasmodia vivax.

· Plasmodia ovale.

· Plasmodia malariae.
Plasmodia knowlesi: previously confined to monkeys, has also been implicated in human

disease. 

Out of these, Plasmodia falciparum causes the most severe and life threatening form of malaria. 

Life cycle: (3)
The life cycle of malaria parasite can be divided into two phases, asexual and sexual phases.  

A: Asexual-phase: (Occurs in man)

1:Pre-erythrocytic schizogony*: (exoerythrocytic)

*Schizogony: Is the process where by the organism undergoes a lot of nuclear subdivision and each of the components formed acquires some cytoplasm; daughter organisms are got after fragmentation.

· After a man has been bitten with a female anopheles mosquito, sporozoites from the saliva of the mosquito are injected into the blood stream, and within 30 minutes invade the hepatocytes.

Proteins involved in this invasion interfere with actin and myosin of hepatocytes is the following: -  

· Circumsporozoites (CS) protein. 

· Thrombospondin-Related-Anonymous Protein. (TRAP)

· STARP antigens. (Inhibited by polyclonal antibodies)

· Sporozoites stay in hepatocytes for 1-2 weeks then change to merozoites, which then multiply. 

· Merozoites lyses hepatocytes and released into circulation. Some merozoites re-invade the hepatocytes especially Plasmodia vivax and Plasmodia ovale.

2: Erythrocytic schizogony:

Duration: depending on species: P.falciparum, vivax, and ovale are 48 hours while p. malariae is 72 hours.
· Merozoites bind to RBCs’ receptors such as: -

· Glycophorin-A (for Plasmodia falciparum)

· Duffy blood group antigens. (For Plasmodia vivax)
Merozoites then enter the RBCs.

· Within RBCs, merozoites interferes the metabolic machinery, by ingesting and degrading haemoglobin. (Trophozoites)

· Trophozoites multiply and become schizonts, which then burst RBCs to release merozoites into circulation.

(Some merozoites develop into gametocytes i.e. micro and macrogametocytes -males and female respectively)

NB: The last two steps are attributed by Plasmodia falciparum derived cysteine protease falcipain.

· Finally, mosquitos take the merozoites and gametocytes when bite an infected man. 

B: Sexual-phase: (occurs in mosquitoes)

· Gametocytes ingested with blood meal into midgut of mosquito.

· Microgametocytes develop flagella by exflagellation process and become mobile.

· Fertilization results into a mobile zygote called ookinate. 

· Ookinate penetrate to outer layer of stomach wall of mosquito and become oocyst.

· After 2 weeks, oocyst mature, rupture and release sporozoites into coelomic cavity. 

· Sporozoites pass through body cavity to salivary glands, ready to inject a man during a bite.

Immunity to malaria:  (7)
The precise mechanisms controlling malaria infection are incompletely understood, but the following is thought to be involved: -  
Cell mediated immunity: For control of infection and immunological memory. CD4+ -cells are prime targets of HIV and have a critical role in immune protection against malaria. 
Humoral immunity: For opsonization of the infected RBCs and enhancement of phagocytosis. 

Non – specific host defense mechanisms: 

· Activation of the phagocytic cells (including neutrophils) to release toxic oxygen radicals and nitric oxide, both of which are parasiticidal.

· The reaction of oxygen radicals with lipoproteins to produce lipid peroxides, which are cytotoxic molecules unaffected by antioxidants.

· Augmentation of the splenic clearance functions by increasing filtration and Fc – receptor mediated phagocytosis.

Natural immunity: Including genetic factors. (Read risk factors for developing severe malaria below).

Clinical features:

A: Uncomplicated malaria: (1, 2)
· Fever.

· Headache.

· Joint pains.

· Malaise.
· Vomiting or diarrhoea.

· Chest pain.

· Poor appetite.

· Body weakness

B: Severe malaria: (2, 7)
Severe malaria may present in the following forms:
Cerebral malaria: Unrousable coma not attributable to any cause in a patient with Plasmodium falciparum; coma should persist for at least 30 minutes after generalized convulsions to differentiate it from transient post ictal coma. 

Others include: fever, faintingness, behavioral change, and convulsions, clenched jaw, bruxism, symmetrical UMNL, extensor posturing (opisthotonous), decorticate rigidity, decerebrate rigidity, dysconjugate gaze, and retinal haemorrhages.
Mnemonic:

F: Fever.

F: Faintingness.

F: Falciparum malaria.

C: Coma lasting at least 30 minutes.

C: CSF is normal.

C: Confusion.

C: Convulsions.

C: Clenched jaw.

Pulmonary oedema: Pulmonary edema is a condition in which fluid accumulates in the lungs. The patient will present with respiratory distress (lactic acidosis), deep and laboured breathing.

Circulatory collapse (Shock)/hypotension): Systolic blood pressure < 90 mmHg, with cold clammy skin or core skin temperature difference of >10oc.
Disseminated intravascular coagulation: Spontaneous bleeding from the gum, nose, GIT etc and /or substantial laboratory evidence of DIC e.g. Thrombocytopenia.
Repeated generalized convulsions: > 2 observed / 24 hrs. 

Others: (Do not define the disease in all geographical areas)

Impairment of consciousness less marked than unrousable coma.
Prostration or profound weakness, the patient cannot sit or walk with no obvious neurological explanation. 
Jaundice: Yellow colouration of mucus membranes.
Hyperpyrexia: Rectal temperature > 40o c. (axillary’s temperature >39.50c).
Laboratory indices:
Severe anaemia: Hb ≤ 5 g/dl (No rmocytic normochromic) or haematocrit ≤ 15%. 
Macroscopic haemoglobinuria: Dark brown or positive Hb on dipstick urine.
Hyperparasitaemia: ≥ 1,000, asexual parasites per 200 WBCs (≥ 40,000 parasites/l of blood).            

Metabolic acidosis: Arterial pH < 7.3, bicarbonate <15 Mmol/L.
Acute renal failure: Urine output of 400mls/24hrs (< 17 mls/hr) failing to improve after rehydration. Or serum creatinine of >130 mol/L (>1.5 mg /dl).

Hypoglycemia: Random blood glucose <2.5 Mmol/l (<45 mg/dl).
Risk factors for developing severe malaria:

1: Pregnancy:

Especially among primigravidae. Reasons being: -

· Increased mosquitoes attraction due to CO2 exhalation and body warmth, which are increased in pregnancy. (8)

· Parasitaemia higher perhaps due to elevated levels of cortisol and depression in lymphoproliferative responses. (8)

· Th1/Th2 immune imbalance. (9)

· Concomitant factors associated with pregnancy e.g. Anaemia, and nutritional influences the effect of the parasites. The effect remains high even 2 months after delivery (8), and the severity of malaria is augmented by iron supplements (7). 
· Women even those who have acquired immunity to malaria may lose the immunity during pregnancy for the reason not known. (10)

Severe malaria is 3 times (95% CI, 1.4-6.2) more common in pregnant than in non-pregnant women. (10, 11)  

2: Age: Severe malaria is common in elderly individuals. (12)
3: Lack of immunity:

· Migrants from malaria non-endemic area. (7)
· Splenectomised persons: (12)
· HIV. (2, 8, 14)
4: Blood group A and B: Rosette formation occurring in blood group A and B are always larger, tighter, and stronger than those formed in blood group O. Individuals of blood group A antigens phenotype are frequently affected by severe malaria than those of other groups. (15) Thus A and B blood groups antigens are important malaria resetting receptors. 

5: Genetic factors: (15)
Malaria susceptibility genes:

1. TNF-: Has potentiating effects on the cytoadherance of infected RBCs and clogging of the microcirculation.

2. Intercellular adhesion molecule-1 (ICAM-1): Enhances sequestration of parasitized RBCs in the cerebral vessels, as it is a ligand for adhesion of RBCs to endothelial cells.

Protective factors:

1: The use of insectide treated bed nets (ITN). (16)

2:  Genetic factors: (7, 15)
· Hb-S genes: The carrier state for sickle cell gene (Hb-As genotype) provides a partial protection against Plasmodium falciparum. The patients’ cells resist parasites invasion (HbAs under low oxygen tension) and once invaded the cells sickles readily, facilitating the clearance by the reticuloendothelial system (RES). (6,15)
· Thallasaemia: The protective effects offered by  and thallasaemia are   weak, and their mechanisms of protection are less understood. The  and  thallasaemia cells infected by Plasmodium falciparum bind to greater number of antibodies molecules to the RBCs’ surfaces than infected normal RBCs, and therefore are cleared from the circulation more readily. (7,15)
· Glucose 6-phosphate dehydrogenase (G6PD) gene: G6PD gene is located on the chromosome-x; it protects the RBCs from oxidation-induced haemolysis, and consequently, person risk of haemolytic anaemia following exposure to some antimalarials including primaquine, and quinine. G6PD gene provides a 46-58% reduction in risk of severe malaria for both heterozygotes and homozygotes. (15)
· HLA-genes:     HLA class I (HLA-Bw53) and HLA class II (class-DR-B1*1302) among the western Africans, have strong cytotoxic T cells responses in pre-erythrocytic stage of malaria. (7, 15)
· Duffy antigens: The Duffy antigens negatives are the only genotypes that provide complete protection against Plasmodium vivax malaria infection. Duffy antigens are chemokines receptors (DAR-C) essential for the invasion of the parasites to RBCs.This accounts for the rarity of Plasmodium vivax in West Africa. (15) 
· Melanesian ovalocytosis: A 27 base pair deletion in the gene encoding band-3-protein causes an erythrocytes ovalocytosis. This genotype is confined to Southeast Asian population and certain islands of West Africa. It provides complete protection against severe malaria in children in Papua New Guinea. (15) 

· Hb-F: Offers resistance to plasmodia falciparum in newborn babies. Babies develop severe malaria relatively infrequent (though, if they do, the mortality is high), the contributing factors being, the passive transfer of maternal immunity, and high HbF contents of the infants’ erythrocytes that retard parasites development. (7)
The differences between severe malaria in adults and in children:(4,5)

	Sign or symptom
	Adults
	Children 

	Dry cough
	Uncommon
	Common

	   Convulsions
	Common (~50%)
	Very common (>70%)

	Duration of illness
	5-7 days 
	1-2 days

	Resolution of coma
	2-4 days
	1-2 days

	***Neurological sequelae
	<5%
	>10%

	Jaundice
	Common 
	Uncommon 

	Pre-treatment hypoglycaemia
	Uncommon 
	Common 

	Pulmonary oedema
	Common 
	Rare 

	Renal failure 
	Common 
	Rare 

	Raised CSF opening pressure
	20%
	100%

	Bleeding/clotting disturbances
	Up to 10%
	Rare 

	Anaemia 
	Uncommon 
	Common 

	Symmetrical UMNL
	+
	+/-

	Hypotonia 
	+/-
	+

	Rostrocaudal deterioration
	-
	+

	Brain-stem reflexes
	

	Corneal
	-
	+

	Oculocephalic (doll’s eye) 
	-
	+

	Oculovestibular (caloric test)
	-
	+

	Pupillary
	-
	+


***Hemiparesis, cerebellar ataxia, cortical blindness, severe hypotonia, mental retardation, generalized spasticity, aphasia, psychosis or behavioural disturbance, tremors, and epilepsy.

Differential diagnosis of cerebra malaria. (6)
1. Cardiovascular:

· Hypertensive encephalopathy.

· Cerebrovascular accidents.

2. Heat stroke: Especially in unacclimatized visitors to the tropics who have taken excessive exercise.

3. Systemic infection with encephalopathy: 

· Enteric fevers (‘cerebral typhoid’).

· Septicaemia.

· Viral haemorrhagic fevers.

4. Toxic encephlopathies: e.g. organophosphate poisoning.

5. Eclampsia.

6. Metabolic encephalopathies: 

· Hepatic failure.

· Renal failure.

· Respiratory failure.

· Circulatory failure.

· Hypoglycaemia of other causes.

· Electrolytes imbalance.

7. Encephalitides:

· Viral: e.g. HIV-encephalopathy, encephalitis and PML.

· Bacterial: Meningitis, Neurosyphilis.

· Fungal: e.g. Cryptococcal meningitis. 

· Protozoal: e.g. Trypanosomiasis with CNS involvement, cerebral toxoplasmosis etc.
8. Space occupying lesion: e.g. Cerebral abscess, cerebral tumour.

Pathophysiology: (6)
1: Toxic –cytokines:

Rupture of RBCs lead to release of the merozoites and glycolipid materials, which stimulates cells of macrophage-monocyte series and endothelium to release, Initially; TNF- and IL-1, which inturn induces IL-6 and IL-8 (pro- inflammatory cytokines). 

Effects of these cytokines: 

· Shivering, cool extremities, headache, and spikes of fevers.

· And sometimes, sweating, vasodilatation and defervescence.

Cytokines may be involved in: -

· Placental dysfunction.

· Suppression of erythropoeisis.

· Inhibition of gluconeogenesis.

· Fever.

· Coma, especially nitric oxide. (Nitric oxide inhibits neurotransmission)

Functions of these cytokines:

· Cytokines are mediators of parasite killing by activating leucocytes and other cells to release toxic oxygen radicals, nitric oxide and by generating parasiticidal lipid peroxides and by causing fever.

· Cytokines also up-regulate the endothelial expression of vascular ligands for Plasmodium falciparum infected RBCs, and thus promote cytoadherence.

· Lower levels of cytokines are beneficial to the host, as it cause tolerance to malaria or premunition. (Partial immunity which allow persistence of low levels of parasitaemia but prevent the parasite from exceeding certain level which would manifest into clinical disease)

2: Sequestration:

Definition: The process where by RBCs containing mature forms of Plasmodium falciparum adheres to microvascular endothelium (cytoadherence) and thus disappears from the circulation.

Cytoadherence begins at the middle of the parasites’ 48 hours asexual life cycle (exoerythrocytic) in the venules of vital organs, especially in the brain particularly in the white matter, heart, liver, kidneys, intestines and adipose tissues and least in the skin.

Cytoadherence and the related phenomenon of rosetting lead to microcirculatory obstruction in Plasmodium falciparum malaria, causing reduction of oxygen and substrate supply, leading to anaerobic glycolysis and lactic acidosis.

3: Cytoadherence:

It’s mediated by a family of strain specific high-molecular weight (MW: 240-260 kDa) parasite derived protein called Plasmodium falciparum erythrocyte membrane protein-1 (Pf EMP1)

Pf EMP1 is exported to the surface of the infecting erythrocytes where it’s anchored through the membrane to the submembranous accretion of the parasite derived histidine rich protein. These accretions cause humps or knobs on the surface of RBCs, and these are points of attachments to vascular endothelium. Cytoadherence is also mediated by altered RBC membrane components.

Other sticky proteins (glue), which bind parasitized RBCs to endothelium are: -

· The protein MESA.

· Adhesin.

· Sequestrin.

4: Vascular-endothelial ligands:

A: CD-36:

It is present in macrophges/monocytes, and vascular endothelium.

It binds to freshly obtained parasites, and its binding increases with pH<7 and increase in calcium. It is a major vascular ligand in other organs apart from brain.

B: Intercellular adhesion molecule-1 (ICAM-1)

Binds parasitized RBCs and rhinoviruses. It is a major vascular ligand in the brain involved in cerebral sequestration.

C: Thrombospondin (TSP)

A natural ligand to CD36. It binds to some parasitized RBCs.

D: Vascular cell adhesion molecule-1 (VCAM-1) and Endothelial leukocyte adhesion molecule-1 (ELAM-1).

5: Rosetting:

RBCs containing mature parasites adhere to uninfected RBCs, leading to formation of ‘rosette’ when in suspension of parasitized RBCs are viewed under microscope.

    NB:   

· It occurs at the middle of asexual life cycle (exoerythrocytic).

· Organisms, which do not sequester do rosette.

· Inhibited by certain heparin sub-fractions and calcium chelators.

· Forces required to separate a rosette is 5 times greater than those required to separate cytoadherent cells.

Rosetting appears to be associated with parasites causing cerebral malaria, which cytoadhere with other vital organs causing dysfunction.

       Rosetting might encourage cytoadherence by reducing blood flow (shear rate), and thus increasing anaerobic glycolysis, reducing pH, facilitate adherence of infected RBCs to venular endothelium, and impede forward flow of uninfected RBCs as they squeeze past sticky cytoadherent parasitized RBCs in capillaries and venules.

Leading to:

Mechanical obstruction because of lack of deformability of adherent and circulating parasitized RBCs.

6: Deformability:

       As the parasite matures inside the RBCs, the normally flexible biconcave disc RBC becomes progressively more spherical and rigid. 

Reduced deformability results from: -

· Reduced membrane fluidity.

· Increasing sphericity.

· The enlarging and relatively rigid intraerythrocytic parasite.

Infected RBCs are less filterable.

7: Immunological processes:

Malaria induces immunological ‘smoke-screen’ with broad spectrum and non-specific activation that interferes with the orderly development of specific cellular immune responses.

In severe malaria there is evidence of a broader immune suppression with defect in monocytes and neutrophils chemotaxis, reduced monocytic phagocytic function and tendency to bacterial superinfection.

8: Permeability:

There is mild generalized increase in systemic vascular permeability in severe malaria, though most patients with cerebral malaria do not have cerebral oedema. The cause of increased intracranial pressure in cerebral malaria remains unclear.

The cause of death in cerebral malaria is acute respiratory arrest with neurological signs compatible with brain stem compression. In MRI, there is slight brain swelling secondary to increased intracerebral blood volume. (Probably the cause of increased   intracranial pressure.)  

Pathogenesis: (3, 6)
1: Coma: The cause of coma is unknown.

· Increase in cerebral anaerobic glycolysis with cerebral blood flows that are inappropriately low for the arterial oxygen content.

· Increased cerebral metabolic rate for lactate. And

· Increased CSF concentration of lactate.

Do not provide sufficient explanation for the coma.

· Presumably the metabolic milieu created adjacent to the sequestered and highly metabolically active parasites interferes with neurotransmission (not known how it occurs.).

· Cytokines activates leucocytes and other cells (smooth muscle cells, microglia and vascular endothelium) to release nitric oxide, a potent inhibitor of neurotransmission through induction of an enzyme nitric oxide synthase. Also, local synthesis of nitric oxide is relevant to impaired level of consciousness.

NB: Increased intracranial pressure does not cause coma.

2: Acute renal failure: May result from: 

· Renal cortical vasoconstriction and hypoperfusion.

· Acute tubular necrosis secondary to renal microvascular obstruction consequent upon sequestration in the kidneys.

· Significant glomerulonephritis is very rare.

· The role of local cytokine release and altered regulation of renal microvascular flow is uncertain.

· Hypovolaemia due to vomiting and diarrhoea.

· Haemolysis.

3: Pulmonary oedema/ARDS: May result from: -
· Sequestration of parasitized RBCs in the pulmonary vasculature causes hypoxia, vasodilatation, increased permeability, leakage of fluid into lung parenchyma, resulting to pulmonary oedema and ARDS.

· Sequestration of the pulmonary capillaries increases the hydrostatic pressure, which increase the pulmonary vasculature permeability.
4: Anaemia: Is due to: -

· Haemolysis of both infected and uninfected RBCs.

· Bone marrow dysfunction (dyserythropoeisis) - effects of toxic cytokines. 

· Lowered threshold for splenic clearance of abnormal RBCs, causing many RBCs to be sequestered in the spleen, and the RBCs remaining in the circulation one haemodiluted.

· Low life span of RBCs.

· Depletion of folate by parasites.

5: DIC and thrombocytopenia:

A: Disseminated intravascular coagulopathy: (DIC) Increases with severity of malaria.

· RBCs containing mature parasites may activate the coagulation cascade directly.

· Cytokines released are also pro-coagulant.

B: Thrombocytopenia: Is due to: -

· Increased splenic clearance. (Hypersplenism).

· Increased platelets turnover.

6: Blackwater fever:

It is poorly understood, but there is massive intravascular haemolysis and passage of ‘coca cola’ colored urine.

It occurs in: -

· Patients with glucose 6-phosphate dehydrogenase deficiency taking oxidant drugs irrespective of the presence of malaria e.g. Primaquine.

· Occasionally, the patient with glucose 6-phosphate dehydrogenase deficiency receiving quinine for malaria.

· Patients with quinine treated severe falciparum malaria that has normal RBCs glucose 6-phosphate dehydrogenase levels.

NB:

· How quinine causes blackwater fever is not known, as it’s not an oxidant drug.

· Glucose 6-phosphate dehydrogenase deficient RBCs are especially susceptible to oxidant stress as they are unable to synthesize adequate quantities of NADPH through pentose shunt. This leads to low intraerythrocytic levels of reduced glutathione, and both alterations in the RBCs membrane and increased susceptibility to organic peroxides.

7: Splenomegaly:

· Is due to overwork hypertrophy. As there is an increased capacity to clear RBCs from the circulation both by FC-receptor mediated (immune) mechanisms and by recognition of reduced deformability (filtration).

Spleen can modulate cytoadherance and play the central role in limiting the acute expansion of malarial infection by removing parasitized RBCs.

8: Gastrointestinal dysfunction:

Gut sequestration and visceral vasoconstriction causes: -

· Malabsorption of sugar, amino acids, and fat.

· Minor stress ulceration of the stomach and duodenum, due to reduced splanchnic perfusion.

· Diarrhoea is due to congestion of the gut that impairs fluid absorption and there may be increased gut permeability or reduced local defense against bacteria. (May account for diarrhoea as well)

9: Liver dysfunction: There is: -

· Reduced clotting factor synthesis.

· Reduced metabolic clearance of anti-malarial drugs.

· Failure of gluconeogenesis, leading to lactic acidosis and hypoglycaemia.

· Jaundice may result from: -

· Haemolysis.

· Hepatitis.

· Cholestasis.

As there is: -

· Sequestration in the hepatic microvasculature.

· Reduced liver blood flow in very severe infection.

· Increased venous lactate concentration, contributes to liver dysfunction to lactic acidosis (occurs when liver blood flow, is 15 mls/Kg/min i.e. its clearance is impaired)

10: Fluid space and electrolytes changes: Following rehydration:

· Plasma volume is increased.

· Total body water and ECF volume are normal.

· Plasma renin activity, aldosterone and ADH are increased.

· Mild hyponatraemia and hyponatraemia and hypochloraemia.

· Potassium concentration is normal.

These changes reflect an appropriate activation of homeostatic mechanism to maintain an adequate circulating volume in the presence of generalized vasodilatation and a falling haematocrit.

11: Metabolic dysfunction:

A: lactic acidosis: Is caused by: -

· The tissue anaerobic glycolysis consequent upon microvasculature obstruction.

· Failure of hepatic and renal lactate clearance.

· Production of the lactate by the parasites.

Mature parasites consume up to 70 times as much glucose as uninfected cells, and over 90% of this is converted to L+ lactic acid. (Plasmodia do not have complete set of enzyme necessary for citric acid cycle)

· Increased lactate occurs after generalized convulsions.

B: Lipids: Triglycerides and free fatty acids levels are increased.

C: Ketone bodies:

Plasma concentrations of ketones bodies levels are increased in a patient unable to eat.

D: Endocrine: Pituitary-thyroid axis abnormalities result in: -

· ‘Sick-euthyroid’ syndrome.

· Parathyroid dysfunction, leading to mild hypocalcaemia and hypophosphataemia.

E: Hypoglycaemia: Is caused by: -

· Increased peripheral requirement for glucose consequent upon anaerobic glycolysis.

· Increased metabolic demand of febrile illness.

· Parasites use glucose as the source of energy.

· Failure of the hepatic gluconeogenesis (effects of toxic cytokines) and glycogenolysis (reduced supply).

· Starvation secondary to anorexia. Hepatic glycogen is exhausted rapidly. Stores in fasting adults last for two days and in children 12 hours. 

· Quinine induced hyperinsulinaaemia is balanced with reduced tissue sensitivity to insulin, which return to normal as the patient improves. This explains why quinine induced hypoglycaemia tends to occur after 24 hours of treatment, where as malaria related hypoglycaemia (with appropriate suppression of insulin secretion) is present when the patient with severe malaria is first admitted.

12: Placental dysfunction:  

There is intense sequestration of Plasmodium falciparum infected RBCs in the placenta, leading to placental insufficiency causing: -

· Intrauterine foetal growth retardation.

· Low birth weight.

· Increased risks of intrauterine foetal death.

13: Bacterial infection:

Patients with severe malaria are vulnerable to bacterial infections especially of the lungs and urinary tract (following catheterization) and post-partum sepsis.

Spontaneous gram negative septicaemia may occur but rare especially salmonella, Escherichia coli, pseudomonas aeruginosa, etc.

14: Convulsions: Are related to:

· Adherence of the parasitized RBCs with their knobs on capillary walls (cytoadherance).

· Deformability of the parasitized RBCs, which makes them less filterable through the microcirculation.

· Agglutination (clumping) of the infected RBCs on the uninfected ones (resetting).

All of these cause occlusion, thrombosis and ischaemia due to the hypoxia of the cells and thus hypoxic encephalopathy and convulsions.

· Cerebral oedema, following increased permeability of cerebral blood vessels release of toxic cytokines. 

· Electrolyte imbalance, following vomiting, diarrhoea, and changes in body fluid. (Read number 10)

· Fever, as in febrile convulsion.

· Hypoglycaemia.

15: Malarial psychosis: May be caused by: -

Drugs: Mepacrine, Chloroquine, Mefloquine.

Others: Alcohol, stress associated with life, exacerbation of the pre-existing functional psychosis, and malaria associated organ failure.

Pathology of cerebral malaria: 

At autopsy the brain appears:

· Oedematous and is heavy. (Cerebral oedema)

· The small vessels, particularly of the grey matter are congested with parasitized erythrocytes containing malaria pigment. This explains the characteristic slatey grey colour of the surface of the brain in cerebral malaria.

· Electron-dense knob-like protuberances of the parasitized erythrocyte membrane are points of contact with the vascular endothelium whose surface is distorted by pseudopodial projections.

· In larger vessels there is margination of parasitized erythrocytes along the endothelium. The degree of sequestration of parasitized erythrocytes in the cerebral microvasculature correlates with depth of coma. Typically, the erythrocytes forming the ring haemorrhage are unparasitized.

· Numerous petechial ring haemorrhages are seen in the white matter. These result from haemorrhage from end arterioles proximal to occlusive plugs of parasitized erythrocytes.

· The cause of perivascular destruction of neurons, demyelination and formation of Durck’s granulomata (small collections of microglial cells) is uncertain but they may develop at sites of ring haemorrhages.

· Plasmodium falciparum antigens and IgG deposits may be found in the capillary basement membrane and margination of mononuclear cells in cerebral capillaries in the brains of patients who died with falciparum malaria.

· The histopathological basis of retinal haemorrhages in cerebra malaria appears to be sequestration of parasitized erythrocytes with evidence of cytoadherence and resetting inside ocular capillaries and venules.

· Focal lesions in the brain suggesting infarction or haemorrage.

Management:
Indications for admission:

1. Persistence of fever even after 48 hours of initial treatment. 

2. Continuously worsening headache. 

3. Persistent vomiting. 

4. Severe malaria.
5. Patients who are at higher risk for development of complications of P. falciparum malaria-extremes of age, pregnancy, immunocompromised etc. 

6. Patients who appear sick and prostrated.
7.  Significant dehydration. 
A: Investigations: (1, 2, 6)  
1: Blood slide for malaria parasite: Thick and thin films. A negative blood slide does not rule out malaria.

2: FBP.

3: LFTs: if indicated
4: Serology for hepatitis. If indicated
5: RFTs.

6: RBG: Before and during antimalarial.

7: CXR: In patients with difficult in breathing and those in coma.

8: Electrolytes.

9: Blood culture: In patients with fever.

10: Funduscope and lumbar puncture: In patients with neurological presentation.

11: CT-scan (brain) or MRI: if indicated
B: Treatment:

Uncomplicated malaria: (2)

Artemether/Lumefantrine: (The first line drug)

Oral fixed combination tablet of 20 mg Artemether and 120 mg Lumefantrine.

Indication: First line treatment of uncomplicated malaria.

Contraindications:

· Hypersensitivity to Artemether or Lumefantrine.

· Children < 5 Kg.

· First trimester of pregnancy.

· Lactation.
Dosage: 

	Weight (Kg)
	Age 
	Day-1 
	Day-2
	Day-3

	
	Dose 
	1st 
	2nd 
	3rd 
	4th 
	5th 
	6th 

	
	Hours 
	0 *
	8
	24
	36
	48
	60

	Kg 
	Age 
	Tablets 
	Tablets
	Tablets
	Tablets
	Tablets
	Tablets

	5-14
	3 mo-3 yrs
	1
	1
	1
	1
	1
	1

	15-24
	3 -7 years
	2
	2
	2
	2
	2
	2

	25-34
	7 - 12 years
	3
	3
	3
	3
	3
	3

	≥35 
	12 years and above
	4
	4
	4
	4
	4
	4


* 0 hours means the time of starting medication and it is given on direct observation therapy (DOT) basis. 

When administering ALu, if the drug is vomited or spat out within 30 minutes, the dose should be repeated. It is recommended to take ALu with meals to enhance its absorption.
Management of non-response to Artemether/Lumefantrine (ALu): 
Where a patient returns within 3-14 days after treatment with ALu, with malaria symptoms consider non-response.

· Where laboratory facilities are not available and malaria is still suspected, treatment with Quinine (second line drug) should be started immediately with strict follow up.

As far as possible malaria cases should be followed up on the third day if symptoms persist or immediately if the condition worsens.

· Where laboratory facilities are available, a blood smear should be examined. If parasites are found treatment with Quinine (second line drug) should be started and treatment failure recorded, if parasites are not found other causes for the symptoms should be sought and treated accordingly.

Quinine: (Second line drug)

Indications:

· Second line treatment of uncomplicated malaria.

· First line treatment of uncomplicated malaria in pregnancy and in children < 5 Kg.

· Treatment of uncomplicated malaria where ALu is contraindicated.

· First line treatment of severe malaria.

Contraindications:

· Hypersensitivity to quinine.

· Optic neuritis.

· Myasthenia gravis.

Dosage: Quinine tablets should be given over 7 days at a dose of 10 mg/Kg every 8 hours.

Management of non-response to Quinine: 
Patients not responding to Quinine should be managed with thorough investigations while considering the third line drug, which is parenteral Artemether.

Dosage: 
· 3.2 mg/Kg (loading dose) I.M followed by 1.6 gm/kg I.M once daily for 6 days.  Or 
· Day-1: 4 mg/kg I.M, in two divided doses. Then, 

· Day-2 to day-5: 2 mg/kg I.M OD.

Severe malaria: (2)

General management:

· Admit the patient in medical intensive care unit.

· Do general assessment and resuscitation.

· Insert urinary catheter and nasal gastric tube if indicated.

· Monitor the following:

· Respiratory rate.

· Axillary temperature.

· Blood pressure.

· Fluid input and output.

· Coma scale.

· Convulsions.

· Parasitaemia.

· Blood glucose.

· Bleeding.

· Haemoglobin.

· Treat with intravenous Quinine 10mg/kg diluted in 5-10ml/kg of 5% dextrose infused over 4 hours and repeated every 8 hours for 7 days.             

· In severely ill adults an initial infusion 20mg/kg (loading dose) may be given in 5% dextrose as above.

· Infusions should be discontinued as soon as the patient is able to take oral medication and the patient should be instructed to complete the 7 day treatment. Alternatively, a full course of ALu may be administered to complete treatment.

Non-response to quinine therapy:
Indications:  
· Persistent of clinical features of severe malaria.

· Failure of clearance of parasites after 3 days of treatment.

· Other possible causes of illness/which have not been investigated.

Management:  Parenteral Artemether (Third line drug).
Dosage: 
· 3.2 mg/Kg (loading dose) I.M followed by 1.6 gm/kg I.M once daily for 6 days.  Or 
· Day-1: 4 mg/kg I.M, in two divided doses. Then, 

· Day-2 to day-5: 2 mg/kg I.M OD.

Malaria in pregnancy: (2)
Uncomplicated malaria: Oral quinine is the first line drug.

Severe malaria: IV quinine as in non-pregnant adults.
Intermittent presumptive treatment: (IPT)

Aims:

To prevent the worst effects of infection, rather than to cure a potentially life threatening illness. Do not consider it as chemoprophylaxis.

All pregnant women in malaria endemic areas should receive the first dose of SP for IPT even if there is no symptoms for malaria between 20-24th  weeks of gestation and the second dose between 28-32nd   weeks of gestation, 3 tablets as a single oral dose.

NB: 

· Folic acid administered concurrently with SP, can antagonize anti folate action thus lowering efficacy of SP. Therefore the routine folic acid given at antenatal clinic should be delayed for one week after SP treatment. 

· IPT should be administered as direct observed therapy (DOT) during antenatal care visits.

· For those hypersensitive to sulphonamide there is no alternative drug for IPT.
Malaria and HIV co-infection: (2)
Treatment is the same as in HIV-seronegative patients.

A: Comatose patient: (1, 2, 6)  
· Admit the patient in medical intensive care unit.

· Resuscitate the patient.

· Turn the patient every two hours.

· Do not allow the patient to lie in a wet bed (catheterize).

· The patient should be nursed on his or her side to avoid aspiration of fluid.

· Monitor fluid intake and output.

· Monitor temperature, pulse, respiration and blood pressure every 4-6 hours for at least the first 48 hours.

· Monitor level of consciousness using Glasgow coma scale daily, occurrence of convulsions or changes in behaviour.

· If temperature rises above 390c, vigorous tepid sponging/fanning must be applied, and paracetamol be given. 

B: Pulmonary oedema: (1, 2, 6)  
· Admit the patient in medical intensive care unit.

· Re7suscitate the patient.

· Keep patient upright; raise the head of the bed (cardiac bed) or lower the foot of the bed.

· Give a high concentration of oxygen by any convenient method available, including mechanical ventilation.

· Give frusemide 80mg i.v stat, then 40mg i.v 8-12 hourly.

· Aminophyline 250mg i.v bolus slowly 8hourly for 24 hours.

· Stop all i.v fluids.

· If there is no improvement, withdraw 250 mls of blood initially by venesection into a blood transfusion donor bag so that it can be given back to the patient later.

· Monitor arterial oxygen saturation regularly.

C: Circulatory collapse: (shock) (1, 2, 6)  
· Admit the patient in medical intensive care unit.

· Resuscitate the patient.

· Two i.v lines should be set.

· Correct hypovolaemia with an appropriate plasma expander (fresh blood, plasma, or normal saline)

· Take a blood culture and start patient on broad-spectrum antibiotics immediately, e.g. combined treatment with benzylpenicillin and gentamicin intravenously.

· If hypotension persists dopamine may be given intravenously.

D: Hypoglycaemia: (1, 2, 6)  
· Give 50mls of 50% dextrose i.v bolus, followed by i.v infusion of 5% or 10 dextrose. Or

· 125 mls of the 10% solution or 50 mls /kg for the 25% dextrose or 25 mls of 50% dextrose solution as bolus. Where dextrose is not available, sugar water should be prepared by mixing 20 gm of sugar (4-level tea spoons) with 200 mls of clean water. 50 mls of this solution is given ORALLY or by NGT in conscious patient.

· Continue to monitor blood glucose levels 4 hourly.

· Stop oral hypoglycaemics or insulin.
E: Spontaneous bleeding and DIC: (1, 2, 6)  
· Transfuse fresh blood, clotting factors or platelets as required.

· If the prothrombin or partial thromboplastin times are prolonged, give vitamin K1 10mg or vitamin K3 1mg, by slow intravenous injection.

· In DIC, give heparin 5,000 –10,000 i.u. sc stat.

F: Malarial haemoglobinuria:  (1, 2, 6)  
· Transfuse fresh blood to maintain haematocrit above 20% (Hb: >6 g/dl)

· Give frusemide 20mg i.v. stat.

· If oliguria develops and BUN and serum creatinine levels rise, peritoneal dialysis or haemodialysis may be required.

G: Severe anaemia:

· Treat the cause if determined (malaria, worms, TB, bleeding, schistosomiasis etc).

· Give blood transfusion.

· Continue with iron 200 mg TDS and folic 5 mg OD acid up to 3 months.

· Follow up the patient every 7 days until Hb is normal.

H: Convulsions: (1, 2, 6)  
· Admit the patient in medical intensive care unit.

· Resuscitate the patient.

Check the following:
· Temperature: if >38.50c, give paracetamol, do tepid sponge /fanning.

· RBG: to exclude hypoglycaemia.

· Electrolytes.

· Blood pressure.

· Do funduscopy, if no papilloedema do lumbar puncture.

Treat convulsions with diazepam 0.15-mg/kg I.V as slow bolus injection (maximum is 10 mg). For recurrent seizures give Phenobarbital 20 mg/kg I.M or IV after another 10 minutes. If convulsion persists give Phenobarbital 10 mg/kg after 30 minutes.

Prevention: (1, 2, 7)

A: Health education:

1. Personal protection:

· Use of insecticides treated nets.

· Covering exposed skin surfaces by wearing long-sleeved shirts and trousers in evening hours.

· Remaining indoors in the evening.

· Use of mosquito repellants.

2. Environmental management:

· Destroying mosquitos breeding sites.

· Cutting grasses short.

· Deforestation.

3. Vector control:

· Use of insecticides.

· Windows should have mosquito nets.

· Keep the door closed in the evening.

4. Others:

· Education on early recognition of symptoms and signs of malaria.

· Promotion of early and appropriate health care seeking behaviour.

· Promotion of prompt and effective home treatment and care of suspected cases of malaria.

· Advice on appropriate diet.

· Treat any underlying infection.

· In pregnancy, anaemia may be prevented by:

· Combined ferrous sulphate and folic acid once or twice daily.

· IPT.

· Early detection of anaemia by:

· Hb screening.

· Symptoms and signs surveillance.

· De-worming as indicated in the focused antenatal care (FANC).

· Proper child spacing.

B: Malaria chemoprophylaxis:

Definition:

This is the regular use of anti-malarial drugs to prevent development of malarial parasites following any possible inoculation.
Indications:

· Patients with sickle cell anaemia.

· Non-immune travelers.

· Non-immune pregnant women.

A: Patients with sickle cell anaemia:

· Adults: Chloroquine 300mg base weekly.

· Children: Chloroquine 5mg base/kg weekly.

B: Non-immune travelers:

1: For travelers staying in an endemic area for less than 3 months:

· Adults: Mefloquine 250mg base weekly.

· Children: Mefloquine 5mg base/kg weekly.

Prophylaxis should be taken four weeks before traveling and for four weeks after returning to a non-endemic area.

2: For travelers staying in an endemic area for more than 3 months:

· Adults: Proguanil 200 mg daily.

· Children: Proguanil 3mg/kg daily.

3: Pregnant women:

Non-immune pregnant women should not travel to malarious areas unless absolutely necessary.

· Proguanil prophylaxis should be taken during the first three months of pregnancy.

· Mefloquine should be taken from the fourth months of pregnancy onwards.

Chemoprophylaxis is currently not recommended for pregnant women living in malaria endemic areas. Instead intermittent preventive treatment is recommended.
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