Parasitology I: Malaria
1. Diagram the general life cycle and distribution throughout the world for malaria.

Figure 52-2 on page 644 of Sherris is the life cycle diagram and there is a map of the world distribution on page 645, figure 52-3.

However, for those of you who did not squander your money on this book the following is a quick summary of these two figures:

Basically plasmodium use two hosts, the female Anopheles mosquito and the human.  

The sexual cycle begins when the female mosquito (females require human blood and the ATP that it contains in order to generate ova) ingests both male and female plasmodium gametocytes from the blood of an infected human.  In the gut of the mosquito, the gametocytes mature and combine to create a fertilized zygote.  They zygote penetrates the wall of the mosquito's gut, lodges beneath the basement membrane, and forms an ookinete, containing thousands of  sporozoites.  This enlarging ookinete eventually ruptures and spills the sporozoites into the body cavity of the mosquito.  Some of the sporozoites penetrate the salivary glands of the mosquito, which makes it infectious for humans.  

The asexual cycle begins when the mosquito bites an uninfected human and the sporozoites in the mosquito's salivary glands are injected into the humans circulating peripheral blood.  These migrate to the liver within one hour and invade the hepatocytes.  In P. vivax or P. ovale some sporozoites enter a dormant state called hypnozoites (hypno means sleep).  Other species don't have hypnozoites.  In all species sporozoites each produce about 2000-40,000 daughter cells, or merozoites.  The merozoites attach to erythrocytes and are endocytosed.  Inside the RBC they form a ring-shaped trophozoite which develops and undergoes nuclear division to become a multinucleated schizont.  The schizont in turn develops into 6 to 24 intraerythrocytic merozoite cells.  The infected RBC then ruptures and releases these merozoites than can either infect other RBCs or become transformed into the male and female gametocytes.   The gametocytes continue to circulate in the peripheral blood of the host until another female mosquito bites the host and ingests them.

The map shoes choroquine-sensitive malaria existing in Mexico and Central America, and in Egypt, Saudi Arabia, and Iran.  Choroquine-resistant malaria exists in a South America as far south as Brazil and in equatorial Africa, India, Pakistan, and Oceania.

2.  List the tissue tropisms of the hematoparasite.


Zygote penetrates the wall of the mosquito's gut, but this isn't really a tropism as much as that is where it happens to be.  Similarly the sporozoites get into the salivary glands of the mosquito, but this doesn't require any real tropism.


However, in the human the sporozoites do have a strong tropism for the liver and hepatocytes in particular.  The merozoites that burst from these liver cells have a tropism for the erythrocytes and bind to specific receptors on RBCs in order to enter them.  Once inside the red cells the plasmodia induce changes on the surface that make it adhere to endothelium and in effect coat the insides of blood vessels.

3. Explain the two principle effects of the parasites on the red blood cells and how these effect the diseases's pathophysiology.

(1) The parasites lyse the red cells that they are multiplying inside, which produces anemia in the host.  The parasitized red blood cells are also phagocytosed by a stimulated reticuloendothelial system, which also contributes to anemia.  This may also result in fever caused by parasite derived pyrogens released at the time of sporulation or by the release of IL-1 and/or TNF from macrophages involved in the ingestion of parasitic or erythrocytic debris.  High fevers may result in vasodilation and hypotension (shock).  You also get pigmentation of certain organs, when hemozoin, a waste product of hemoglobin metabolism is released and phagocytosed by macrophages.  Also the spleen and/or liver may become enlarged with all this phagocytosis and the urine may become dark (black water fever) due to hemolysis products.

(2) The parasites induce changes in the surface proteins expressed on the red cell (these are called sequestrins) and this makes the red cells adhere to endothelium (pavementing).  The result is the formation of microvascular occlusions (tiny blood clots).  If this occurs in the CNS it is called cerebral or cerebrospinal malaria. It may occur in a number of other organs as well with equally dire effects. 

4.  Explain why it is important to differentiate species of malaria and how to do so.

It's important to differentiate because the severity of the disease is different for the various species.  Falciparum  will progress the fastest due to a shorter incubation time, a more massive yield, and the shortest erythrocytic cycle.  It is the one that will occlude capillaries with aggregates of parasitized red cells, leading to life-threatening hemorrhage and necrosis.  Therefore it is referred to as "malignant" whereas the other three forms are referred to as "benign" and is usually self-limited with a much lower mortality rate.  Malariae will produce a more chronic condition in which an immune response can develop with a lot of antigen-antibody-complement complex type manifestations.  Vivax and Ovale can relapse several years after the original illness due to the activation of latent hypnozoites in the liver.  Treatment may also differ.  Only Falciparum can be recrudescent.

Fever cycles occur with all of the malarial species.  P. malariae has a 72-hour period termed quartan.  The other three species have a 48-hour period called tertian (every 3rd day).

In Sherris, Figure 52-1 on page 642 shows the different morphology of the species and Table 52-1 on the same page lists differential characteristics of the species.

In P. vivax and P. ovale the parasitized erythrocyte is pale, enlarged and contains numerous Schuffner's dots.  All asexual states (trophozoite, schizont, and merozoite) can be seen simultaneously.  Cells infected with P. ovale are elongated and frequently irregular or fimbriated in appearance.  Cells infected with P. vivax have pseudopods and are actively mobile throwing extensions out like a funky dance or seizure.

In P. malariae, the red cells are not enlarged and contain no granules.  The trophozoites often appear as "band" forms, and the merozoites are arranged in rosettes around a clump of central pigment.  Again all asexual stages may be seen simultaneously.

In P. falciparum, the ring forms are very small and may contain two chromatin dots rather than a single one (the signet ring form of the other malaria species).  There is often more than a single parasite per cell, and the parasites may be against the margin of the cell.  There may be intracellular Maurer's dots, but these are often cleft shaped and fewer in number than Schuffner's dots.  Schizonts and merozoites are not present in peripheral blood (only in the visceral capillaries) and the gametocytes are large and banana shaped.

Treatment goals are to kill three parasitic forms:

Erythrocytic schizont

Erythrocytic gametocyte

Hepatocytic schizont

5.  Differentiate acute, relapsing, chronic, and recrudescent malaria and factors involved in each.

Acute (initial infection) is affected by:

Immune status-- previous infection with the same species is most helpful in reducing the severity of the infection.  This is called premunition.  Previous infection with other plasmodium species is less helpful.

Transferred maternal antibodies-- can reduce severity.

The infectious load--1 sporozoite or 200 sporozoites makes a difference.

Hemoglobin type--hemoglobin S (sickle cell) and C (?) provide resistance to malaria as they do not have enough ATP to maintain reproductive development of the parasite.

Other concurrent disease-- will make tend to make malaria more serious

Resistance to some chemoprophylactic agents-- some malarial species, primarily P. falciparum have become resistant to chloroquine, the previous drug of choice.

Relapsing infections are reactivations of the primary infection.  This occurs in P. ovale and P. vivax, where there are hypnozoites (also referred to as cryptozoites) that may be activated years later.  Factors affecting severity are primarily the same as in the acute infection.

Chronic is affected by:

All factors affecting acute malaria above.

High antibody titers

High T-cell immunity

Low parasitemia (low blood loads of parasites)

Erythrocytic cycle in the bone marrow and spleen, but not in the peripheral blood.

Red cell to red cell passage of merozoites without exposure to the circulating immune system.

Recrudescent--when a low grade chronic infection is reactivated to an acute state.  This may occur:

In pregnancy

As a response to physical or emotional stress

When receiving steroids for asthma or some other condition.

When receiving immunosupressant therapy for a transplant.

Whenever the immune system is compromised, for whatever reason.
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