PARAZITOLOĢIJA
Medical parasitology traditionally has included the study of three major groups of animals: 
· parasitic protozoa, 

· parasitic helminths (worms), 

· and those arthropods that directly cause disease or act as vectors of various pathogens. 
A parasite is a pathogen that simultaneously injures and derives sustenance from its host. 
A variety of methods and specimens are used for diagnosis. Since the most common parasites are enteric, 
· microscopic examination of fecal specimens is done more often than any other laboratory procedure in the diagnosis of parasitic disease. 
· Culturing has little application in the diagnosis of most parasitic infections, although it has been employed, for example, for Trichomonas vaginalis and Entamoeba histolytica infections. 
· Immunodiagnostic tests are useful in several infections, including 
· extraintestinal amebiasis, visceral larva migrans, and trichinosis. 

Resistance is the ability of a host to defend itself against a pathogen. Resistance to protozoan parasites involves three interrelated mechanisms: 
· nonspecific factors, 
· cellular immunity, 
· humoral immunity. 

Pathology 

Protozoal infection results in tissue damage leading to disease. In chronic infections the tissue damage is often due to an immune response to the parasite and/or to host antigens as well as to changes in cytokine profiles. Alternatively, it may be due to toxic protozoal products and/or to mechanical damage. 

Escape Mechanisms 

Escape mechanisms are strategies by which parasites avoid the killing effect of the immune system in an immunocompetent host. Escape mechanisms used by protozoal parasites include the following. 

· Antigenic Masking: Antigenic masking is the ability of a parasite to escape immune detection by covering itself with host antigens. 

· Blocking of Serum Factors: Some parasites acquire a coating of antigen-antibody complexes or noncytotoxic antibodies that sterically blocks the binding of specific antibody or lymphocytes to the parasite surface antigens. 

· Intracellular Location: The intracellular habitat of some protozoan parasites protects them from the direct effects of the host's immune response. By concealing the parasite antigens, this strategy also delays detection by the immune system. 

· Antigenic Variation: Some protozoan parasites change their surface antigens during the course of an infection. Parasites carrying the new antigens escape the immune response to the original antigens. 

Immunosuppression: Parasitic protozoan infections generally produce some degree of host immunosuppression. This reduced immune response may delay detection of antigenic variants. It may also reduce the ability of the immune system to inhibit the
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Helminths
The helminths are worm-like parasites. The clinically relevant groups are separated according to their general external shape and the host organ they inhabit. There are both hermaphroditic and bisexual species. The definitive classification is based on the external and internal morphology of egg, larval, and adult stages. 

· Flukes (Trematodes) 

Adult flukes are leaf-shaped flatworms. Prominent oral and ventral suckers help maintain position in situ. Flukes are hermaphroditic except for blood flukes, which are bisexual. The life-cycle includes a snail intermediate host.

· Tapeworms (Cestodes) 

Adult tapeworms are elongated, segmented, hermaphroditic flatworms that inhabit the intestinal lumen. Larval forms, which are cystic or solid, inhabit extraintestinal tissues. 

· Roundworms (Nematodes) 

Adult and larval roundworms are bisexual, cylindrical worms. They inhabit intestinal and extraintestinal sites. 

Helminths develop through 
· egg, 
· larval (juvenile), 
· adult stages. 
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FIGURE 86-2 Generalized life cycle of flukes. All cycles involve snails as intermediate hosts. Hermaphroditic flukes - Clonorchis sinensis, Fasiolopsis buski, Paragonimys westermani, and Heterophytes heterpphyes. Metacercaria are infective for humans. Bisexual flukes: Schistosoma japonicum, S mansoni, and S hematobium. Cercariae are infective for humans. 
Tapeworms (Cestodes) 

As members of the platyhelminths, the cestodes, or tapeworms, possess many basic structural characteristics of flukes, but also show striking differences. Figure 86-3 shows the general features of the structure and development of tapeworms. 

Whereas flukes are flattened and generally leaf-shaped, adult tapeworms are flattened, elongated, and consist of segments called proglottids. Tapeworms vary in length from 2 to 3 mm to 10 m, and may have three to several thousand segments. 

Anatomically, cestodes are divided into a 
· scolex, or head, which bears the organs of attachment, 
· a neck that is the region of segment proliferation, 
· and a chain of proglottids called the strobila. The strobila elongates as new proglottids form in the neck region. The segments nearest the neck are immature (sex organs not fully developed) and those more posterior are mature. The terminal segments are gravid, with the egg-filled uterus as the most prominent feature. 
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FIGURE 86-4 Generalized life cycle of tapeworms. Hymenolepsis nana, Hdiminuta, Taenia saginata, T solium, Diphyllobothrium latum, Dipylidium craninum. Note hexacanth embryos. Cysticercus larva in cow and pig; procercoid larva in copepod, plerocercoid (sparganum) larva in fish; cysticercoid larva in insect. 
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FIGURE 86-3 Structure of tapeworms. (Modified from Jeffery HC, Leach RM: Atlas of Medical Helminthology and Protozoology. Churchill)

Roundworms (Nematodes) 

In contrast to platyhelminths, nematodes are cylindrical rather than flattened; hence the common name roundworm.
The developmental process in nematodes involves egg, larval, and adult stages. Each of four larval stages is followed by a molt in which the cuticle is shed. The larvae are called second-stage larvae after the first molt, and so on (Fig. 86-6). The nematode formed at the fifth stage is the adult. Figure 86-7 summarizes the life cycles of several intestinal nematodes. 



FIGURE 86-5 Structure of nematodes. (A) Female. (B) Male. Transverse sections through the midregion of the female worm (C) and through the esophageal region (D). 
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FIGURE 86-7 Generalized life cycle of intestinal nematodes. 
Enteric Nematodes of Humans 

· Ascaris Lumbricoides 

Clinical Manifestations 

Symptoms correlate with worm load:light loads are asymptomatic; heavier loads cause abdominal symptoms, diarrhea, and sometimes malnutrition. A bolus of worms may obstruct the intestine. Migrating larvae can cause pneumonitis and eosinophilia. 
Ascaris lumbricoides is the largest intestinal nematode of humans. Females are up to 30 cm long; males are smaller. Three types of eggs may appear in feces: fertilized, unfertilized, and decorticated. 

Multiplication and Life Cycle 

Adults in the small intestine produce eggs that pass in feces, embryonate in soil, are ingested, and hatch. The larvae migrate from the intestine to the lung and back to the intestine, where they mature. 

Pathogenesis 

Migrating larvae cause eosinophilia and sometimes allergic reactions. Erratic adult worms may invade other organs. Heavy infections can impair nutrition. 

Host Defenses 

Resistance increases with age; the mechanism is not clear. 

Epidemiology 

Egg viability is supported by warm, moist soil. Transmission is favored by unsanitary disposal of feces. Prevalence is highest in children. 

Diagnosis 

Diagnosis is made most often by identifying eggs in stool; occasionally, erratic adults emerge from body orifices. 

Control 

Control is by sanitary disposal of feces and by education and treatment. 

· Hookworms 

Clinical Manifestations 

Itching may occur where larvae enter skin ("ground itch"). Pneumonitis, cough, dyspnea and hemoptysis may mark the migration of larvae through the lungs. Depending on the adult worm load, intestinal infection can cause anorexia, fever, diarrhea, weight loss, and anemia. 
Two species of hookworms infect humans: Ancylostoma duodenale and Necator americanus. Females are larger. Eggs are oval, thin-shelled, and transparent. 
Multiplication and Life Cycle 

Adults attach to the mucosa of the small intestine. Eggs passed in feces embryonate and hatch in soil; mature larvae penetrate the skin and migrate first to the lungs, and then to the intestine, where they mature into the adult stage. 

Pathogenesis 

Larvae entering skin often cause an erythematous reaction. Larvae in the lung may cause small hemorrhages, eosinophilic infiltration, and pneumonitis. Blood loss from sites of intestinal attachment may cause iron-deficiency anemia. 

Diagnosis 

Diagnosis is by detection of eggs and (sometimes) larvae in stool. Low levels of hemoglobin are suggestive. 

· Strongyloides Stercoralis 

Clinical Manifestations 

Ground itch may occur where larvae penetrate the skin. Pneumonitis, epigastric pain, mucous diarrhea, and eosinophilia may occur. In immunocompromised individuals, worms may disseminate to other organs. 

Males are free-living; females may be free-living or parasitic. Eggs develop into rhabditiform and then filariform (infectious) larvae. 

Multiplication and Life Cycle 

Parasitic females parthenogenetically produce embryonated eggs, which hatch in the intestine. Rhabitiform larvae pass in the feces, mature to the infective filariform stage in soil, penetrate the skin, and migrate to the lungs and other organs, then the intestine. Autoinfection also occurs. Free-living worms reproduce sexually in soil. 

Pathogenesis 

Worms cause inflammation and ulceration of the intestines. Migrating larvae cause cutaneous pruritus and pneumonitis. Hyperinfection causes sloughing of mucosa, and disseminated infection occasionally leads to pulmonary hemorrhage, pneumonia, or meningitis and death. 

Diagnosis 

Epigastric pain, eosinophilia, and mucous diarrhea are suggestive; diagnosis is confirmed by detecting rhabditiform larvae in feces, duodenal aspirates, or sputum. Fecal cultures and serology may be helpful. 

· Trichuris Trichura 

Clinical Manifestations 

Diarrhea, anemia, weight loss, abdominal pain, nausea, vomiting, eosinophilia, tenesmus, rectal prolapse, stunted growth and finger clubbing may occur. 

Adults are whip-shaped, slender anteriorly and broader posteriorly. Males are shorter than females and have a coiled posterior. The unembryonated eggs are barrel-shaped with bipolar plugs. 

Multiplication and Life Cycle 

Adults in the large intestine lay eggs which pass in feces and embryonate in soil. Eggs that are ingested hatch and larvae mature to adults in the gut. 

Diagnosis 

Diagnosis is by detection of eggs in feces. 

· Entrobious Vermicularis 

Clinical Manifestations 

Enterobiasis is most common in children, who usually manifest pruritus ani and sometimes insomnia, abdominal pain, anorexia, and pallor. Genitourinary infection may occur in females.

Structure 

Worms are white and spindle-shaped with a large, bulbar esophagus. Males are smaller and have a curved posterior. Eggs are ovoid, thin-shelled, and flat on one side. 

Multiplication and Life Cycle 

Females usually migrate out the anus at night and deposit eggs on the perianal skin. The eggs embryonate quickly and, if ingested, hatch and mature in the intestines. 

Diagnosis 

Eggs are rare in feces but are readily collected by Scotch-tape perianal swabs. 
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FIGURE 90-1 Life cycle of Ascaris lumbricoides.
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FIGURE 90-2 Life cycle of hookworms.
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FIGURE 90-3 Life cycle of Strongyloides stercoralis
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FIGURE 90-4 Life cycle of Trichuris trichiura.
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FIGURE 90-5 Life cycle of Enterobius vermicularis.
Filarial Nematodes 

· Lymphatic Filariae 

Clinical Manifestations 

Disease manifestations include inflammation of lymph nodes (lymphadenitis), irregular fevers, and lymphedema. Repeated, chronic infection may result in elephantiasis. 

Structure 

Adults are elongate and threadlike. Microfilariae are 250 to 300 µm long, equal in diameter to a red blood cell, and sheathed. 

Classification 

Filariae are nematodes (roundworms). They are vectored by arthropods; mature and mate in specific host tissues; and produce microfilariae. The lymphatic filariae Wuchereria bancrofti and Brugia malayi reside in lymphatics. 

Multiplication and Life Cycle 

Adult female worms produce microfilariae. Feeding vector mosquitoes ingest microfilariae from the bloodstream. In the mosquito the microfilariae mature to infective larvae, which migrate to the mosquito's mouth-parts, enter a new host via the vector's puncture wound, migrate to the lymphatics, mature, and mate. 

Disease manifestations are due to lymphatic dysfunction resulting from the presence of living and dead worms, lymph thrombi, inflammation, and immune reactions to worms and worm products. 

Diagnosis 

Diagnosis is suggested clinically by lymphangitis and irregular fever; definitive diagnosis depends on demonstrating microfilariae in thick blood smears. 

· Onchocerca Volvulus 

Clinical Manifestations 

Patients present with subcutaneous nodules, dermatitis, and eye lesions. 

Structure 

Long, thread-like adult worms live coiled in subcutaneous nodules and produce microfilariae that are slightly smaller than those of lymphatic filariae and are not sheathed. 

Classification 

Onchocerca volvulus is a typical filarial nematode that is primarily a parasite of humans. 

Multiplication and Life Cycle 

Adult worms live in subcutaneous nodules. Microfilariae wander through the skin, where they may be picked up by a feeding vector blackfly. In the blackfly they mature to infective larvae, which may enter a new host when the blackfly feeds. The larvae then move to the subcutaneous tissues, mature, mate, and produce microfilariae. 

Pathogenesis 

Reaction to worms and microfilariae causes dermatitis with loss of skin elasticity and the formation of fibrotic subcutaneous nodules. Living and dead microfilariae in the eye cause trauma and reactions that can result in blindness. 

Diagnosis 

The clinical picture is indicative; final diagnosis is made by identifying microfilariae in skin snips. 
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· Lymphatic Filariae Wuchereria Bancrofti and Brugia Malayi 

Clinical Manifestations 

In lymphatic filariasis, disease is caused by the presence of worms in the regional lymphatic vessels and, particularly, by the host response to the worms and worm products. The microfilariae are released into the blood. Infections involving small numbers of worms are often asymptomatic. Early symptoms of lymphatic filariasis consist of intermittent fever and enlarged, tender lymph nodes. The inguinal lymph nodes are very often involved. The lymphatic vessels that drain into the lymph nodes and that harbor the developing and adult worms also become inflamed and painful. In more chronic infections, there may be pain also in the epididymis and testes. Swollen lymphatics may burst and drain into the genitourinary system; the resulting chyluria is sometimes the symptom that brings the patient to a doctor. 
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FIGURE 92-1 Life cycle of Wuchereria and Brugia 
[image: image17.jpg]



FIGURE 92-2 Elephantiasis of leg caused by chronic infection with the filarial nematode Wuchereria bancrofti. (Courtesy of Shoyei Yamauchi, Honolulu, HI.) 

Diagnosis 

Enlarged and tender lymph nodes, especially in the inguinal region, or inflammation of lymphatic vessels in the extremities should alert physicians in an endemic area to filariasis. Definitive diagnosis may be accomplished by identifying microfilariae in thick blood smears
· Onchocerca Volvulus 
Onchocerca volvulus is a filarial worm that is transmitted to humans by blackflies (Simulium). Mature worms live in the subcutaneous tissues and produce microfilariae that migrate through the skin and connective tissues. 

Clinical Manifestations 

Changes in skin pigmentation are often the first obvious signs of Onchocerca infection. Later stages of dermatitis present as atrophy and loss of skin elasticity. Although lymph nodes may become involved in onchocerciasis, involvement is not as prominent as with the lymphatic filariae. The subcutaneous nodules that harbor adult Onchocerca are usually firm and non-tender. They vary in size and location but usually are easily recognized when they occur in geographic areas where the disease is endemic. However, in some geographic regions, nodules may be in deeper tissue, and thus not easily palpable. 

The most serious clinical manifestation of onchocerciasis is blindness, caused by microfilariae that wander into the eye. In endemic areas, corneal opacities resulting from the reaction to dying microfilariae often suggest onchocercal infection. Alternatively, active living microfilariae may be seen when the eye is examined with a slit lamp. 

Structure 

Adult Onchocerca may be up to 60 cm long, but are usually coiled in subcutaneous nodules. The microfilariae are slightly smaller than those of W bancrofti and B malayi and differ from them in lacking a sheath, having a different nuclear arrangement, and not usually being found in the blood. 
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FIGURE 92-3 Life cycle of Onchocerca.
Schistosomes and Other Trematodes 

Clinical Manifestations 

Signs and symptoms are related largely to the location of the adult worms. Infections with 
· Schistosoma mansoni and S japonicum (mesenteric venules) result in eosinophilia, hepatomegaly, splenomegaly, and hematemesis. 
· Schistosoma haematobium (vesical venules) causes dysuria, hema turia, and uremia. 
· Fasciola hepatica, Clonorchis sinensis, and Opisthorchis viverrini (bile ducts) cause fever, hepatomegaly, abdominal pain, and jaundice. 
· Paragonimus westermani (lungs, brain) result in cough, hemoptysis, chest pain, and epilepsy. 
· Fasciolopsis buski (intestines) causes abdominal pain, diarrhea, and edema. 

Structure 

Trematodes are multicellular eukaryotic helminths. 

Multiplication and Life Cycle 

Free-swimming larvae (cercariae) are given off by infected snails. These either penetrate the skin of the human definitive host (schistosomes) or are ingested after encysting as metacercariae in or on various edible plants or animals (all other trematodes). After entering a human the larvae develop into adult males and females (schistosomes) or hermaphrodites (other flukes), which produce eggs that pass out of the host in excreta. These eggs hatch in fresh water into miracidia which infect snails. 

Diagnosis 

Diagnosis is suggested by clinical manifestations, geographic history, and exposure to infective larvae. The diagnosis is confirmed by the presence of parasite eggs in excreta. 
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FIGURE 88-1 Life Cycle of Schistosome 

I. Definitive host: humans passing eggs into the environment 

1. Mature eggs reach the freshwater environment in excreta. 

2. Miracidium hatches from the egg under optimalconditions of temperature, light and fresh water 

and seeks an appropriate intermediate host. Asexual reproduction takes place within the intermediate host. 

II. Intermediate Host: aquatic snails 

1. Miracidium penetrates the snail's soft tissue and undergoes differentiation into mother sporocysts which produce a second order daughter sporocyst. 

2. Daughter sporocyst migrates to the digestive gland where it produces cercariae by asexual reproduction. 

3. Motile cercaria emerges from the snail and seeks contact with a vertebrate host. 

III. Migrating larvae and other life cycle stages resident in human host tissue 

1. Cercaria penetrates through the skin of the vertebrate host where it undergoes transformation into schistosomulum. 

2. The schistosomulum undergo growth and differentiation while migrating into the vasculature through the heart, lungs and hepatic portal system. 

3. Juvenile worm resides in the hepatic portal system continuing maturation to male and female adults. 

4. Adult worms mate in the hepatic portal vessels and migrate to the mesenteric venules where they continuously lay eggs. 

5. Some eggs are swept into the precapillary sinusoids of the liver where they become the nidus of a granulomatous reaction. 

6. Chronic hyper-responsiveness to soluble egg antigens leads to the immunopathological consequence of "clay pipe-stem" fibrosis. 
munopathological consequence of "clay pipe-stem" fibrosis. 
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FIGURE 88-2 Life Cycle of other Trematodes of Human Health Significance 

I. Definitive Host: humans, ruminants, dogs, cats and other companion animals 

1. Operculated - type mature trematode egg with miracidium 

2. Free swimming miracidium, life cycle stage infective to snail intermediate host 

II. First Intermediate Hosts: operculated amphibious or semi-amphibious snail of the genera Bulimus sp; Pseudofossarulus sp; Lymnaea sp; Bithynia sp. and others 

3. Sporocyst 

4. Mother/daughter redia 

5. Free swimming cercariae 

III. Second Intermediate Host: (if applicable, i.e., Opisthorchis spp.) encysted in the tissue of cyprinid - type freshwater fish 

6. Cercariae encysted in the fish's soft tissue 

IV. Infective Stage to the Definitive Host 

7. Encysted metacercariae on aquatic/semi-acquatic vegetation, i.e., watercress, fodder 
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