PARASITES

The Mader text approaches diseases from the perspective of the developed world, discussing heart disease, diabetes, etc., and featuring chapters on sexually transmitted diseases, AIDS, and cancer.  In many underdeveloped regions of the world, however, the major causes of morbidity and mortality are malnutrition, non-sexually transmitted bacterial and viral infections, and parasitic infections.  In this exercise, you will become familiar with several human parasites, including a major killer, Plasmodium falciparum, the cause of the most virulent form of malaria.

Parasites are defined as organisms that benefit from living on or in a host; the host is harmed by the parasite.  A familiar example is the mosquito, which benefits by obtaining blood meals from its hosts, and by stealing blood, does harm.  Mosquitoes are intermittent ectoparasites, visiting the outside of the host.  (Many parasites, for example intestinal worms, are endoparasites, living within the host.)  Mosquitoes do harm not only by stealing blood, but, they also serve as vectors for the transmission of disease among hosts.  West Nile Fever is a well-known disease transmitted by mosquitoes, but it is insignificant compared with malaria, a disease transmitted by Anopheles mosquitoes that infects hundreds of millions each year and causes several million deaths each year, mainly among children in Sub-Saharan Africa.

The life cycle of Plasmodium falciparum, the agent of the most dangerous form of malaria, was worked out in the late 1800s, largely through the efforts of Charles Laveran, a French physician who first saw Plasmodium in human red blood cells while working in Algeria, and Ronald Ross, a British physician who discovered the sporozoite stage of Plasmodium in mosquitoes while working in India.  For their work, they were awarded the Nobel Prize in Medicine in 1907 and 1902, respectively.  

Why were Laveran and Ross in Algeria and India, respectively?
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The Life Cycle of Plasmodium falciparum:  The cycle begins when a female Anopheles mosquito bites a human.  While drinking blood, the mosquito releases Plasmodium sporozoites, present in her salivary glands, into the blood of the human host.  The sporozoites travel through the blood to the liver, where they invade cells and divide rapidly, releasing merozoites into the bloodstream.  The merozoites invade red blood cells (RBCs).  In the early stage in the RBCs, characteristic ring-shapes parasites are seen, but later, as the parasites divide, the RBCs become full of merozoites.  Eventually, the RBCs burst to release the merozoites, and these go on to infect more RBCs.  (The RBCs burst every few days, which leads to the characteristic periodic fevers and chills of malaria.)  The parasite can also invade the nervous system – the combination of the blood loss, brain damage, and exacerbation of other conditions (e.g., malnutrition) can lead to the death of the host.  However, not all ring trophozoites produce merozoites; some differentiate to become macrogametocytes and others differentiate to become microgametocytes.  When these are ingested by another mosquito, the microgametocytes “exflagellate” to release male gametes that fertilize the macrogametocytes in the mosquito’s stomach.  The fertilized macrogametocytes then bore through the stomach wall, attach to become oocysts and produce sporozoites which later migrate to the salivary glands.  The second mosquito is now infective to humans.  It should be noted that only female Anopheles are vectors; males do not take blood meals.
Plasmodium falciparum and Anopheles

Microscope slides illustrating several stages in the life cycle of Plasmodium are available for study.  Examine stained blood smears of Plasmodium falciparum and identify the trophozoite and gametocyte stages.  Note that a brown pigment is often assocated with the parasite.
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Examine an oocyst from the outer stomach wall of a female Anopheles and a preparation of sporozoites released from the mosquito salivary glands.
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Finally, examine slides of male and female Anopheles mosquito heads.  Notice that the male has fuzzy antennae, and the female has plain antennae.  Also notice the mouthparts that are adapted for sucking blood (in the case of the female) and fruit juices (in the case of the male).
[image: image6.jpg]


[image: image7.jpg]




   Anopheles male



Anopheles female
The Life Cycle of Trypanosoma gambiense:  Another interesting parasite transmitted by an insect is Trypanosoma gambiense, one of the two trypanosomes that causes African sleeping sickness (the other being Trypanosoma rhodesiense).  The insect vector is Glossina, the tsetse fly found in many regions of Africa.
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The parasite is picked up when a tsetse takes a blood meal from an infected human or animal.  The parasite divides in the foregut of the fly and is released into another host when the tsetse takes another blood meal.  In the human host, the flagellated trypanosomes grow rapidly in the blood and spread to the lymphatics and elsewhere.  The infection results in lethargy and fatigue, eventually leading to coma and death in untreated cases, hence the name sleeping sickness.
Trypanosoma gambiense
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The Life Cycle of Trypanosoma cruzi:  Trypanosoma cruzi is a New World relative of the African trypanosomes.  It is transmitted by a group of insects known as reduviid bugs, not by a tsetse fly.  The bugs live in the cracks in the walls of huts in Central and South America; they feed on humans during the night, biting near the mouth and eyes, and defecating near the wound.  Unfortunately, that transmits the parasite, because they are picked up from the blood by a biting bug, and, because they grow in the posterior gut of the bug, they are deposited near the wound when the bug bites another victim.  Often, when an individual awakens with a bug bite, the first reaction is to rub it, and that only makes matters worse, because it tends to move more parasites from the bug feces into the wound.  Swelling occurs near the site of the bite, but the long-term consequences are far more serious.  The parasite invades the heart, nervous system and colon; the disease, known as Chagas’ Disease can lead to disability and death.
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 Rhodnius, a reduviid bug

    Early Chagas’ Disease 
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Trypanosoma cruzi

Examine a stained blood smear containing Trypanosoma cruzi.  Note the similarity to T. gambiense.  In the blood, T. cruzi has a veru prominent kinetoplast, and the parasites are often shaped like a semi-circle or C.  Also examine a section of infected heart.  Note the presence of dense clusters of the parasites in the tissue.  Infection of the heart, nervous system, and other tissues is characteristic of advanced disease.
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  Trypanosoma cruzi (in blood)
  Trypanosoma cruzi (in heart) 
  Note the prominent kinetoplast  and C-shape
 The parasites don’t have flagella at this stage.

The Life Cycle of Onchocerca volvulus:  Onchocerca volvulus is a parasitic nematode, a type of worm.  The adult parasites live in the skin, causing swelling, itching, and irritation.  The female releases larvae that are picked up by Simulium (black flies) when they bite an infected individual.  The flies then transmit the larvae to other individuals, and the Onchocerca larvae mature to become adults, perpetuating the life cycle.  Unfortunately, the skin irritations are the minor problem associated with Onchocerca – individuals with chronic infections eventually become blind.  In parts of Africa where the conditions are favorable for black flies (generally near fast running streams where the fly larvae develop), all of the adults in some villages are blind!  The good news is that a drug, used to treat parasitic worm infections in pets, has been found to be effective against onchocerciasis or river blindness, and Merck, the pharmaceutical company, has been supplying the drug free to assist the World Health Organization in eradicating the disease.
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       Simulium, a black fly


    Black fly habitat
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Onchocerca volvulus

Examine a stained section of a skin swelling infected with Onchocerca volvulus.  Note the presence of larvae and female worms conatining numerous developing larvae.
[image: image16.jpg]



[image: image17.jpg]



  Onchocerca females (X-section)
    Onchocerca larvae
Internet Resources

The U.S. Centers for Disease Control and Prevention and the World Health Organization provide information on the life cycles, ecology, transmission, control, diagnosis, and treatment of human parasites.  Their parasitology-related web sites are:

http://www.cdc.gov/health/default.htm and

http://www.who.int/tdr/index.html.
Why do you think Laveran and Ross were in Algeria and India, respectively?








Identify the parasite on a stained blood smear.  Note the nucleus near the center of the cell and the dark blue kinetoplast toward the posterior end of the cell.  The flagellum extends out from the anterior end.











PAGE  
95

