Chapter 11

Protozoans and Helminths and the Diseases They Cause

Biology of Protozoans

Protozoan Diseases


Foodborne and Waterborne Diseases

Giardiasis is a common infection caused by the flagellated protozoan Giardia lamblia (Figure 11.3). It is one of the most common waterborne human diseases in the United States; it is acquired by drinking contaminated water from mountain streams and other bodies of water. The parasite is also resistant to chlorine, and has an ID of 10 cysts, making control of giardiasis difficult. The parasite has been isolated from humans and animals, including dogs, coyotes, cats, cattle, horses, birds, and beavers, all of which serve as reservoirs and pass cysts into water. A number of drugs are effective in treating this disease.
Cryptosporidiosis is caused by the protozoan parasite Cryptosporidium parvum. C. parvum is found in a variety of mammals, birds, and reptiles. Infectious oocysts are discharged into the water in fecal material, and their ingestion initiates infection. The oocysts undergo excystation to sporooites, which penetrate the intestinal cells where multiplication results in a new batch of oocysts (Figure 11.4).  In patients with AIDS and in other immuno-

compromised hosts, potentially life-threatening diarrhea and dehydration may occur. Other symptoms include weakness, fever, nausea, and abdominal pain. Oocysts are resistant to the usual doses of chlorination, and the ID is as few as 10 oocysts. 

Amebiasis is primarily caused by Entamoeba histolytica.  It has a worldwide distribution and is associated with poor sanitation.  Chlorination may fail to kill cysts.  It is one of the most common parasitic diseases, and has a 10% fatality rate. Ingested cysts undergo excystation in the intestinal tract (Figure 11.5). Four trophozoites emerge from each cyst, move into the large intestine, and attach to the wall where they mature, multiply, and feed. It is transmitted by ingesting contaminated water or by ingesting fruits and vegetables washed in contaminated water.  In the Unites States, it is most prevalent in immigrants from undeveloped countries, travelers, institutions with poor sanitation, etc.; 90% of infections are asymptomatic or have mild diarrhea and stomach pain.  Severe dysentery causes fever, bloody stools, and stomach pain. Amebas can cause deep ulcers and invade the kidneys, skin, brain, spleen, and liver (Figure 11.6).  Several drugs are available for the treatment of amebiasis.  Diagnosis is based on finding trophozoites or cysts in fecal smears.
Toxoplasmosis is a worldwide zoonosis caused by the parasite Toxoplasma gondii
The disease occurs in over 200 species of birds and mammals; however, members of the feline (cat) family, both domestic and wild, serve as the primary reservoir and host. Toxoplasmosis can be acquired by humans after the accidental ingestion of oocysts present in cat feces or by eating meat that contains cysts. Eating raw or undercooked meats is a common cause of toxoplasmosis. The disease can be transmitted during pregnancy to the fetus, resulting in stillbirth or serious fetal defects, including blindness. Pregnant women should not change cat litter and should minimize the touching of cats (Figure 11.7). Most cases of toxoplasmosis are mild or asymptomatic. In those with AIDS, it may be fatal. 

Arthropodborne Diseases

African trypanosomiasis (sleeping sickness) has plagued Africa for millennia; West African trypanosomiasis is caused by Trypanosoma brucei gambiense, found in the rainforests of western and central Africa; the East African trypanosomiasis is caused by Trypanosoma brucei rhodesiense. The life cycle starts when a tsetse fly takes a blood meal from an infected reservoir; wild and domestic animals and humans are reservoirs. The trypanosomes multiply and migrate from the gut of the fly to the salivary glands, where further development takes place. At the bite site a red chancre (sore) develops.  The parasites move into the blood, spinal fluid, lymph nodes, and brain. Early symptoms are fever, fatigue, swollen lymph nodes, and aching muscles, etc. If untreated, death occurs within months to several years. Trypanosomes exhibit antigenic variation, as they change their surface antigens to evade antibodies made by the host. This interferes with vaccine development.

American trypanosomiasis (Chagas’ disease) is caused by Trypanosoma cruzi. Wild animals serve as reservoirs. The vector is a triatomid insect, or “kissing bug,” that lives in thatched roofs and dark places in huts (Figure 11.8). The vector harbors the trypanosomes in its hindgut and defecates as it bites, causing itching. Scratching results in inoculation of the trypanosomes into the skin. Transmission is also by blood transfusion and by organ transplantation. The parasite causes slow, widespread damage, frequently leading to heart failure. In about 1% to 2% of the cases the area around the eye become swollen, resulting in Romaña’s sign (Figure 11.9). Death occurs within 30 years of infection if untreated. Millions of people are unaware they are infected. Xenodiagnosis may be employed.

Leishmaniasis is caused by the flagellated protozoan Leishmania spp.  It is endemic in most tropical and subtropical areas worldwide.  About 12 million people have leishmaniasis.  Transmission is by the bite of infected female phlebotomine sand flies (Figure 11.10). The reservoirs are wild and domestic animal hosts. The parasites multiply in macrophages and are released when a macrophage bursts (Figure 11.11). There are three human manifestations of leishmaniasis, determined by the parasite species, geographic location, and the host immune response.  Visceral leishmaniasis, or kala-azar, has close to a 100% mortality rate (in two to three years) if untreated; parasites invade the liver and spleen.  Symptoms are fever, weight loss, anemia, and protrusion of the abdomen.  In mucocutaneous leishmaniasis, or espundia, the parasites invade and destroy skin and mucous membranes.  Cutaneous leishmaniasis (Figure 11.12), also called Baghdad boil and tropical boil, results in mild to disfiguring skin lesions on exposed parts of the body, particularly the face, arms, and legs. 
Malaria is caused by the non-motile protozoan Plasmodium spp. Transmission is via the bite of infected female Anopheles mosquitoes, shared needles, transfusions, and mother-to-fetus.  Malaria is second only to tuberculosis in deaths by infectious agents. 300 to 500 million new cases, with about one million deaths, occur annually (85% occur in children under five).  Most cases are in sub-Saharan Africa (Figure 11.14), but malaria was endemic in the Unites States until the 1900’s; mosquito vectors remain in the Unites States.  The life cycle is complex (Figure 11.15).  Waves of parasitemia cause episodes of chills and fever (attack or paroxysm); other symptoms are muscle aches, fatigue, diarrhea, and nausea.  P. falciparum is the most dangerous species because it can cause cerebral (brain) malaria (with 1 to 2% mortality).  Several drugs are available, but drug resistance is a serious problem; currently there is no vaccine. Mosquito abatement programs in malaria-endemic regions are vital.
Babesiosis, a tickborne disease, is caused by the protozoan parasites Babesia microti and B. divergens. Ticks become infected by feeding on infected vertebrate hosts (rodents, cattle, and wild animals). The parasites multiply and develop in the ticks and are transmitted to the next vertebrate host, where they invade the red blood cells. Cases may be asymptomatic, but when symptoms occur they include severe headache, high fever, and muscle pain. Babesiosis is global; in the Unites States it has been most frequently identified in the Northeast and Midwest. 

Sexually Transmitted Diseases
Trichomonas vaginalis causes trichomoniasis. It is estimated that as many as seven million cases occur annually in the Unites States and close to 200 worldwide. The human urogenital tract is the reservoir, and many infected persons, both female and male, are asymptomatic carriers. In females, symptoms include intense itching, pain during urination, and vaginal discharge. In males, the disease is primarily asymptomatic. Drugs are used for treatment.


Biology of Helminths

Helminth Diseases

Foodborne and Waterborne Diseases

Ascariasis is caused by the roundworm Ascaris lumbricoides.  Adult worms (8-12 inches) reside in small intestines.  Eggs are passed onto the soil in stools of infected people.  Females produce ~ 200,000 eggs per day.  Transmission is by ingesting eggs in food or water.  Eggs resist drying and thrive in warm, moist soils.  About 25% of the world’s population is infected, especially in tropics and subtropics.  In rural southeastern Unites States, up to 50% of children are infected.  Damage to the lungs may occur as immature worms migrate through the lungs.  Severe cases may lead to malnutrition (Figure 11.19). When the worm burden is high, intestinal obstruction and perforation of the intestines may lead to death (Figure 11.20). Ascaris eggs, or worms in the feces, are diagnostic. Drugs are available for ridding the body of adult worms.
Whipworm is caused by Trichuris trichiura. Eggs passed in fecal material onto moist, warm soil are infective. The eggs hatch in the small intestine and release larvae that mature and migrate to the large intestine. Fertilized females produce as many as 5,000 eggs daily. Frequently asymptomatic, it can cause abdominal pain, diarrhea, and rectal prolapse. Drugs are available for treatment. About 300 million, including some in the Unites States, are infected.
Trichinellosis is caused by Trichinella spiralis.  Transmission is via eating raw or undercooked pork (or wild game) infected with cysts. Digestive juices dissolve the hard covering of ingested cysts and worms emerge in the small intestine.  Adult females mate and lay eggs that develop into larvae, which migrate through the blood and lymphatics to form cysts in muscles. Early symptoms (1-2 days) include nausea, diarrhea, vomiting, fatigue, and fever; later symptoms are headaches, chills, aching muscles, and itchy skin. Large numbers of worms may cause cardiac and respiratory problems, and possibly death.  Mild cases may have flulike symptoms that go undiagnosed.  Infection occurs worldwide.  The incidence has markedly declined in the Unites States, as feeding offal, raw meat, and uncooked garbage to pigs is prohibited.  Muscle biopsy or blood tests are diagnostic.  Drugs have limited effectiveness.

Dracunculiasis (Guinea Worm Disease) is caused by the roundworm Dracunculus medinensis.  It is found in Africa. Transmission is by ingesting water containing larvae-infected copepods (Figure 11.21).  Adult females migrate toward the skin surface, most commonly the foot or the leg.  A 3-foot-long worm bores its way out through the skin (Figure 11.22), forming an extremely painful blister that ruptures, releasing millions of larvae. The “fiery serpent” is too thin to be pulled out. There are no effective drugs. Prevention is based on teaching villagers to filter copepods from drinking water.  Recent efforts have reduced the number of cases more than 99% since 1997. Providing clean drinking water is essential.
Tapeworms are found worldwide, Taenia saginata (beef), T. solium (pork), and fish tapeworms are most common.  Beef tapeworms may reach 20 to 25 feet.  Transmission is by ingesting undercooked beef, pork, or fish containing encysted larvae known as cysticerci (Figure 11.23); the scolex (head) attaches to the intestinal wall by suckers.  The scolex produces segments known as proglottids, which produce about 100,000 eggs each.  The adult tapeworm body lengthens by adding new segments.  Proglottids detach from the worm and are passed in the stool. The eggs can survive for long periods in the environment; herbivores (cows, etc.) are infected by grazing on contaminated vegetation.  Larvae hatch from eggs, penetrate the intestinal wall, and become encysted as cysticerci in the muscle.  Diagnosis is by identifying eggs or proglottids in the feces.  Medication is available for the treatment of tapeworms.  Cysticercosis can result from the ingestion of pork tapeworm eggs (not cysticerci).  Larvae hatch from eggs, penetrate the intestinal wall, and become encysted as cysticerci in the muscle, eyes, or brain (neurocysticercosis can cause seizures and death). 

Arthropodborne Diseases

Lymphatic Filariasis (Elephantiasis) is caused by Wuchereria bancrofti and Brugia malayi.  Filariasis affects 120 million people in Africa, Asia, the western Pacific, and the Americas.  Mosquitoes carrying filarial larvae transmit the disease.  Larvae migrate into the lymphatic vessels where they grow into thread-like adult filarial worms; they mate and the females release millions of microfilariae into the blood. The filarial worms block the lymphatic vessels, lymphatic fluid accumulates in the limbs, causing gross swelling in the legs (Figure 11.2), scrotum, breasts, etc. Diagnosis is made by identification of microfilariae in blood.  An effective single-dose treatment gives hope for possible global eradication.
Onchocerciasis (River Blindness) is caused by Onchocerca volvulus.  It is endemic in 30 countries in sub-Saharan Africa and six in the Americas; 6.5 million are infected, 770,000 are blind or severely visually impaired. Transmission is by a black fly found on riverbanks that breeds in fast-flowing water.  The fly bite deposits larvae under the skin; they mature into adult worms (forming skin nodules) that produce millions of microfilariae that migrate throughout the body.  Symptoms are rashes, intense itching, skin depigmentation, and invasion of the cornea causes blindness. Skin nodules are diagnostic; surgical removal of worms in nodules reduces the number of microfilariae.  Ivermectin is particularly effective because it kills migrating microfilariae; other anthelmintic drugs cause severe reactions.

Direct Contact Diseases

Hookworm disease is caused by two roundworms, Ancylostoma duodenale (Old World) and Necator americanus (New World).  About one billion people are infected in tropical and sub-topical regions worldwide.  N. americanus is in the southeastern Unites States, and A. duodenale is in southern Europe, northern Africa, Asia, and South America.  Transmission of infection is by direct contact with feces-contaminated soil containing hookworm larvae; the life cycle is complex (Figure 11.30).  Mature half-inch worms live and mate attached to intestinal walls via mouth parts called biting plates.  The worms suck blood, causing anemia, protein deficiency, and fatigue; malnourishment retards growth and mental development in children; serious infections can be fatal in infants. Diagnosis is confirmed by the presence of worm eggs in feces.  Medication is available for treatment.  Improved sanitation is important.
Strongyloidiasis is caused by the minute nematode “thread-worm,” Strongyloides stercoralis.  About 800 million people worldwide are infected.  The females produce eggs by parthenogenesis.  The infective larvae in the soil penetrate the skin and sequentially travel by blood to the heart, lungs, bronchial tree and the pharynx, where they are coughed up and swallowed; the larvae, upon reaching the small intestine, mature into adult female worms and produce eggs. Some eggs are expelled in stools; other eggs develop into larvae that penetrate the small intestine and repeat the infectious cycle as an autoinfection.  This leads to persistent infections and systemic spread of worms.  Eggs in stools can develop into free-living worms that produce large numbers of infectious larvae; this cycle is an important reservoir.  Mild infection can be asymptomatic; serious cases may cause nausea, vomiting, anemia, weight loss, bloody diarrhea, or even death in the immunocompromised.  Finding larvae or anti-worm antibodies in the blood is diagnostic. Drugs are available for treatment.
Enterobiasis (Pinworm Disease), caused by Enterobius vermicularis, is the most common helminthic disease in the Unites States; about 40 million are infected. Transmission is by direct contact with eggs on people, bedclothes, or by inhalation of airborne eggs.  Swallowed eggs hatch in the intestine, releasing larvae that mature into adults; at night, egg-bearing females exit through the anus and deposit about 15,000 eggs around the skin in the perianal area, and then the worms die.  An intolerable anal itch leads to scratching and subsequent self-infection (esp. in children). Diagnosis is based on finding eggs; there are effective drug treatments. 
Schistosomiasis is caused by the “blood flukes” Schistosoma japonicum, S. haematobium, or S. mansoni.  About 200 million have schistosomiasis in 74 countries in Africa, South America, the Caribbean, and the Middle and Far East. Snails serve as intermediate hosts; they release immature, free-swimming microscopic cercariae that penetrate the skin of bathers and migrate into blood vessels and, in about a week, invade the liver, where the organisms achieve sexual maturity. The worms feed on blood; eggs are discharged by infected persons defecating or urinating into the water and hatch into actively motile larvae that invade snails and develop into cercariae, completing the cycle.  Symptoms are itchiness at the penetration site followed by fever, chills, cough, and muscle aches. The adult worms can damage the spleen, liver, lungs, bladder, and intestines, causing the abdomen to become distended.  Diagnosis is made by finding eggs in urine or stools, and drugs are effective, but expensive. The snail host is not present in the Unites States, so schistosomiasis does not occur.  Swimmer’s itch, or cercarial dermatitis, occurs sporadically in the northern United States; it is due to penetration of the skin by cercariae from water birds infected with avian schistosomes. 
