MALARIA
Definition:

· Malaria, which predominantly occurs in tropical areas, is a potentially life-threatening disease caused by infection with Plasmodium protozoa transmitted by an infective female Anopheles mosquito vector.

Etiology

Causes 

· The 4 Plasmodium species known to cause malaria include Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, and Plasmodium malariae. 

· A fifth species, Plasmodium knowlesi, has recently been identified as a clinically significant pathogen in humans

· Each Plasmodium species has a defined area of endemicity, although geographic overlap is common. Species can usually be distinguished by morphology on a blood smear. 

· P falciparum is distinguished from the rest of plasmodia by its high level of parasitemia and the banana shape of its gametocytes

· In some individuals, disease manifests months or years later, usually due to the presence of P vivax or P ovale hypnozoites, which can remain dormant in the liver and reactivate years after infection
· Patients with malaria, 5-7% are infected with more than a single Plasmodium species

Plasmodial life cycle

· Sporozoites are inoculated into the bloodstream by the Anopheles mosquito and migrate within minutes to the liver, where they invade hepatic parenchymal cells. 
· Within hepatic cells, the sporozoites undergo asexual multiplication (hepatic schizogony), forming schizonts that rupture the hepatic cells and release merozoites into the bloodstream. 
· Multiplication within the hepatic cell produces thousands of merozoites from each sporozoite-infected hepatic cell. 
· This exoerythrocytic stage is asymptomatic.
· The process of schizogony lasts from 7 to 10 days for P. falciparum, P. ovale, and P. vivax, and from 10 to 14 days for P. malariae. Plasmodium vivax and P. ovale can also produce dormant liver stages (hypnozoites) that can reactivate weeks or months after the initial infection and cause clinical relapse. 
· Merozoites released by ruptured hepatic cells invade red blood cells, where they may either asexually multiplies or undergoes sexual differentiation into male and female gametocytes. 
· Parasites established in the red blood cell (trophozoites) that asexually multiply form red blood cell schizonts. 
· These schizonts eventually lyse the red cells containing them and release more merozoites, which continue the cycle of red cell invasion and multiplication. 
· Male and female gametocytes are ingested by mosquitoes with their human blood meal. 
· In the mosquito, the male gametocyte exflagellates, releasing a microgamete that fertilizes the female macrogamete, producing a zygote

· The elongated zygote, or ookinete, penetrates the stomach wall of the mosquito and forms an oocyst behind it. 
· The oocyst grows and eventually ruptures to release numerous sporozoites, which migrate throughout the mosquito. 
· Those that enter the salivary glands can then infect human beings bitten by the mosquito and renew the cycle of infection.

Epidemiology

· Approximately 40% of the world's population live in endemic areas and are at risk for malaria. 
· An estimated 350-500 million malaria cases occur each year, and more than one million people die of the infection
Pathophysiology

General 

· Individuals with malaria typically acquired the infection in an endemic area following a mosquito bite

· After a mosquito takes a blood meal, the malarial sporozoites enter hepatocytes (liver phase) within minutes and then emerge in the bloodstream after a few weeks. 
· These merozoites rapidly enter erythrocytes and develop into trophozoites and then into schizonts over a period of days inside erythrocytes during the erythrocytic phase of the life cycle. 
· Malarial disease is caused by the blood stages of the parasite. 
· Rupture of infected erythrocytes containing the schizont results in fever and merozoite release. 
· The merozoites enter new red cells, and the process is repeated, resulting in a logarithmic increase in parasite burden

· The outcome of infection depends on host immunity. 
· Individuals with immunity can spontaneously clear the parasites. 
· In those without immunity, the parasites continue to expand the infection.

· P falciparum infection typically causes severe malaria. 
· This species is more virulent because it may create high levels of parasitemia and sequestration that contribute to end-organ damage. 
Anaemia

· All four malaria parasite species digest red cell proteins and hemoglobin. 
· The parasites also alter the red cell membrane, making it less deformable and resulting in hemolysis and accelerated splenic clearance, which ultimately causes anemia.
· Plasmodium-infected erythrocytes, opsonized with antibodies and/or complement, are less deformable than uninfected erythrocytes and are consequently trapped in the spleen, leading to splenomegaly. 
· Release of proinflammatory cytokines, including tumor necrosis factor (TNF)-alpha, is stimulated by red cell lysis, and TNF-alpha suppresses hematopoiesis, which also contributes to the anemia.
· Autoimmune hemolysis plays a role in the continued destruction of erythrocytes that can occur for weeks after appropriate treatment.
· In chronic malarial infections, dyserythropoiesis also occurs and contributes to chronic anemia. 
· In nonimmune patients, anemia may be secondary to erythrocyte infection and a loss of infected RBCs. 
· In addition, uninfected RBCs are inappropriately cleared, and bone marrow suppression may be involved
Hypoglycemia

· The parasites derive energy from anaerobic glycolysis of glucose to lactic acid, which can cause hypoglycemia and lactic acidosis. 
· Hypoglycemia can result from a combination of factors including: 
· Depletion of liver glycogen stores due to decreased oral intake, 
· Increased glucose consumption by parasites in the blood
· TNF-alpha- or quinine-stimulated hyperinsulinemia. 
Spontaneous bleeding

· Thrombocytopenia is due primarily to splenic consumption of platelets
· Thrombocytopenia is caused by increased splenic sequestration and decreased platelet survival time (i.e. hypersplenism).
· Bleeding and disseminated intravascular coagulation can also occur. 
Pyrexia/fever  
· Rupture of red cells and release of merozoites into the blood lead to the fever, chills, and malaise seen in all forms of malaria. 
End organ damage 

· The pathogenesis of organ dysfunction in P. falciparum malaria is thought to be primarily a consequence of two factors: cytoadherence of parasitized red blood cells to capillary endothelial cells and P. falciparum antigen-induced cytokine production. 
· As falciparum parasites mature within red blood cells, they induce the formation of sticky knobs on the surface of erythrocytes 
· These knobs bind to receptors on endothelial cells in capillaries and venules causing sequestration of red cells within these small vessels, which results in obstruction to blood flow. 
· The cytoadherence and sequestration of red cells within these small vessels leads to microvascular pathology and obstruction to blood flow.
· Infected red cells also stick to uninfected red cells and form rosettes that clog the microcirculation.
· Red cell cytoadherence in capillaries leads to sequestration of red cells and parasites in microvascular beds, and the resultant local tissue ischemia and hypoxia contributes to the renal, gastrointestinal, pulmonary, and central nervous system complications seen in falciparum malaria.
Renal failure: 
· Severe, usually oliguric renal failure probably results from a combination of factors including hypovolemia, microvascular blockade, and hemolysis 
· Infected erythrocytes adhere to the microvasculature in the renal cortex, often resulting in oliguric renal failure

· Large amounts of hemoglobin and malarial pigments may be present in the urine secondary to intravascular hemolysis, producing what is known as "blackwater fever." 
Pulmonary edema/ARDS: 
· Sequestration of parasitized red cells in the lung and increased leakage from the pulmonary vasculature resulting from cytokine release cause pulmonary edema and the acute respiratory distress syndrome. 
Classification

Uncomplicated malaria

· This is usually characterised by fever in the presence of peripheral parasitaemia. 
· Other features may include chills, profuse sweating, muscle pains, joint pains, abdominal pain, diarrhea, nausea, vomiting, irritability and refusal to feed. 
· These features may occur singly or in combination
Severe malaria

· This is a life-threatening manifestation of malaria, and is defined as the detection of p. falciparum in the peripheral blood in the presence of any of the following clinical or laboratory features (singly or in combination) listed below:
World Health Organization criteria for severe malaria 

Defining 

1. Coma

2. Severe malarial anemia < 5 Hb. haematocrit <15%
3. Respiratory distress (pulmonary oedema)
4. Hypoglycemia < 2.5 mmol/L, <45 mg/dl)
5. Circulatory collapse (shock, septicaemia)
6. Renal failure (oliguria or anuria)
7. Spontaneous bleeding (Disseminated Intravascular Coagulopathy)
8. Repeated convulsions (generalized convulsions)
9. Acidosis < 7.35 (Hyperlactataemia)

10. Hemoglobinuria (black water fever)
Supporting

1. Impaired consciousness

2. Jaundice

3. Prostration

4. Hyperpyrexia 
5. Hyperparasitemia (parasitaemia of >20O,000/ul - in high transmission area, or 100,OOO/ul in low transmission area)
Clinical features

History
· In patients with suspected malaria, obtaining a history of recent or remote travel to an endemic area is critical.

· Virtually all patients with malaria present with headache

· Symptoms of malarial infection are nonspecific and may manifest as a flulike illness with fever, headache, malaise, fatigue, and muscle aches. 
· Some patients with malaria present with diarrhea and other GI symptoms. 
· Immune individuals may be completely asymptomatic or may present with mild anemia. 
· Nonimmune patients may quickly become very ill.

Physical examination

· Tertian and quartan fevers are due to the cyclic lysis of red blood cells that occurs as trophozoites complete their cycle in erythrocytes every 2 or 3 days, respectively. 

· P malariae causes quartan fever, while P vivax and P ovale cause the benign form and P falciparum the malignant form of tertian fever. 

· The cyclic pattern of fever is very rare

· Most patients with malaria have no physical findings, but splenomegaly may be present

Investigations
· A diagnosis of malaria should be supported by the identification of the parasites on a thin or thick blood smear. 
· The only rare exception is P falciparum infection, in which all the parasites during the life cycle can be sequestered out of the peripheral blood in late-stage forms.
· The thick blood smear provides better sensitivity, while the thin blood smear is more specific and allows better identification of the Plasmodium species. 
· In addition, rapid diagnostic tests are also available (e.g. OptiMal, ParaSight, Kat-Quick).
· Malaria should be suspected in patients with a malaria like illness, including thrombocytopenia, relative lymphopenia, atypical lymphocytes, and an elevated lactate dehydrogenase (LDH) level

Thick smears

· Three thick and thin smears 12-24 hours apart should be obtained. The highest yield of peripheral parasites occurs during or soon after a fever spike; however, smears should not be delayed while awaiting fever spikes

· Thick smears are 20 times more sensitive than thin smears, but speciation may be more difficult. 

· The parasitemia can be calculated based on the number of infected RBCs. This is a quantitative test
Thin smears

· Thin smears are less sensitive than thick smears but facilitate speciation. This should be considered a qualitative test.

· Treatment greatly depends on the identification of the Plasmodium species responsible for the infection

Alternative diagnostic methods

· The quantitative buffy coat (QBC) is a technique that is as sensitive as thick smears. 
· Because results cannot be used to speciate Plasmodium, a thin smear must be examined

· Monoclonal antibody to histidine-rich protein-2 (ParaSight-F, immunochromatographic test [ICT]) appears to be very sensitive and specific

· A rapid dipstick test that detects LDH of the parasite (e.g. OptiMal) can also be used to distinguish P falciparum from the other species.+
· In addition to the rapid diagnostic test listed above (e.g. QBC, OptiMal), new molecular techniques such as polymerase chain reaction (PCR) and nucleic acid sequence-based amplification (NASBA) are also available for diagnosis
Treatment

Uncomplicated malaria

· The recommended first line treatment for uncomplicated malaria in Kenya is artemether-lumefantrine, currently available as a co-formulated tablet containing 20 mg of Artemether and 120 mg of lumefantrine. 
· This is administered as a 6-dose regimen given over three days
	
	Oh
	8h
	24 h
	36 h
	48 h
	60h

	5-14 kg (<3 y)
	1
	1
	1
	1
	1
	1

	15-24 kg (3-8 y)
	2
	2
	2
	2
	2
	2

	25-34 kg (9-14y)
	3
	3
	3
	3
	3
	3

	>34 kg (>14 y)
	4
	4
	4
	4
	4
	4


· The recommended second line treatment drug for uncomplicated malaria in Kenya is oral QUININE. 
· This is administered as a daily dose of 3Omg/kg in three divided doses of 1Omg/kg body weight 8 hourly for 7 days
Complicated malaria

· Parenteral quinine is given as an initial loading dose of 20mg (salt)/kg (maximum of 1200mg) of quinine and then followed by a maintenance dose of lOmg/kg (maximum 600mg) every 8 hours until patient can tolerate oral medication. 
· Thereafter quinine is continued orally at 10mg/kg (maximum 600mg) every 8 hours to complete a total (parenteral + oral) of 7 days or a complete course of artemether-lumefantrine is given
