IX.	Submodule I:  Medical Parasitology



A.	Introduction:

1.	In contrast to the acute illnesses caused by many bacteria or viruses, parasitic diseases are usually more chronic and are rarely lethal over a short period of time

a)	There are important  exceptions, such as malaria caused by Plasmodium falciparum



2.	Protozoa:  they are one-celled eukaryotes



a)	Some protozoa are intracellular:

(1)	Protozoa that infect the blood and deep tissues are often intracellular and unable to withstand the external environment

(a)	They are typically transmitted by the bites of arthropods



b)	Some protozoa are extracellular:

(1)	Extracellular intestinal protozoa are transmitted most often by the fecal-oral route



c)	When exposed to new environments protozoa can secret a protective coat and shrink into a round armored form called a cyst



(1)	It is the cyst form that is infectious when ingested

(a)	Following ingestion it converts back to its motile form called the trophozoite



3.	Helminths:  they are worms and are multicellular animals

a)	They are considerably larger than protozoa and are extracellular

(1)	They are the largest parasites that affect humans



b)	They are divided into 3 large groups:  roundworms (Nematodes), tapeworms (Cestodes), and flukes (Trematodes)



c)	In worm infections, eosinophils appear in large numbers in the blood (Sc. 587)

(1)	This eosinophilia is often accompanied by increased production of IgE



(2)	Eosinophils and IgE appear to play a role in killing multicellular parasites

(a)	They are typical of metazoan infections, they are not seen in protozoan infections (Sc. 589)



d)	Definitions:

(1)	Vectors:  they are living transmitters of disease

(a)	Most vectors are arthropods such as mosquitoes, flies, and mites



(2)	Reservoirs:  they are the sources of parasites in the environment



B.	Blood and Tissue Protozoa: 

1.	Plasmodia:  malaria is the most important of all protozoan diseases



a)	Human malaria is caused by 4 species of plasmodia: 

(1)	P. falciparum is the most virulent

(2)	P. vivax

(3)	P. malariae

(4)	P. ovale



b)	It occurs in many tropical and semitropical regions of the world



c)	The reservoir of malaria is the infected human



d)	Transmission is via the bite of infected female anopheline mosquitoes (Sc. 597)



e)	Life Cycle:

(1)	The organisms are injected under the skin by infected mosquitoes as sporozoites

(2)	Sporozoites travel through the blood and enter liver cells

(a)	In the liver they mature and are released in a form (merozoites) that can invade RBC’s



(3)	Infected RBC’s burst liberating a new generation of infective merozoites that infect previously unparasitized RBC’s

(a)	This part of the life cycle consists of asexual reproduction in the RBC



(4)	In the blood, some of the plasmodia may also develop into sexual blood stages (gametocytes), which may be taken up by mosquitoes to carry out their sexual reproductive cycle

(a)	The gametocytes undergo further changes in the mosquito before once again becoming infective sporozoites (Sc. 599)



f)	The main manifestations of malaria are fever, chills, and anemia:  the sudden onset of malaria symptoms coincides with the simultaneous lysis of many RBCs and the release of large numbers of merozoites



(1)	Other frequent clinical presentations include an influenza-like syndrome (fever, muscle aches, and malaise) and gastroenteritis (nausea, diarrhea, vomiting) (Sc. 600)



g)	Chloroquine is the single most widely used drug for antimalarial chemoprophylaxis and treatment (Sc. 602)



2.	Toxoplasma:  

a)	infection with Toxoplasma gondii is very common, but it is rare for people to develop the disease toxoplasmosis (Sc. 604)



b)	toxoplasmosis is particularly damaging for immunocompromised patients



c)	T. gondii can cause 3 distinct syndromes:

(1)	Mononucleosis-like syndrome in which tests for the common viral agents of mononucleosis (EBV, CMV) are negative



(2)	A congenital infection that may have severe consequences if acquired in the first trimester of pregnancy



(3)	Infections in immunocompromised hosts (AIDS) often involving the brain or the heart



d)	People most commonly acquire toxoplasma infection by eating inadequately cooked meat

(1)	Inadequately cooked meat (lamb, mutton, or beef) may contain the parasites tissue cyst (produced by asexual reproduction (Sc. 605)



e)	It can also be acquired by ingesting food contaminated with infected cat feces



(1)	Cats are necessary to complete the life cycle of the parasite because they harbor the sexual cycle of the organisms and produce environmentally resistant infective cysts in their stool

(a)	Cats feces contain fertile cysts called oocysts



(2)	Toxoplasmosis is absent from areas that do not have cats



f)	Life cycle:

(1)	After ingestion, the parasites are released from tissue cysts in the small intestine and penetrate the wall



(2)	Once inside the host, the oocytes mature to tachyzoites, enter the bloodstream and disseminate throughout the body



(3)	After the acute infection, most people mount a successful immune response that eliminates tachyzoite (the active infectious form) and leaves only tissue cysts with dormant organisms

(a)	Unless the person becomes immunocompromised the infection remains inactive



(b)	In the cat it establishes a sexual cycle which results in the formation and release of infectious oocytes



(c)	Human tissue infection is a dead end for the parasite and it must find an animal in order to continue

(4)	See fig 50.4, Sc. 606  



g)	In the active phase of infection Toxoplasma are found within macrophages

(1)	They survive intracellularly by preventing acidification of phagosomes and their fusion with lysosomes  (Sc. 606)



(2)	When the macrophage becomes activated, they are able to kill these parasites



3.	Leishmania:  they are small protozoa that possess flagella during part of their life cycle  

a)	There are several species of Leishmania, each of which has different organ tropisms and thus, they produce a spectrum of clinical syndromes:

(1)	The  diseases range from superficial ulcers to serious lesions of the liver, spleen, and bone marrow, accompanied by systemic signs such as weight loss, fever, and anemia



b)	They are transmitted by the bite of sandflies

(1)	Sandflies are generally found in tropical or subtropical parts of the world



c)	Reservoirs of Leishmania include rodents,  dogs, other animals, and infected humans



d)	They are well adapted to the human host:  after internalization by macrophages they differentiate to a form (amastigote) that elicits little production of hydrogen peroxide by macrophages

(1)	They also form their own superoxide dismutase which protects them from superoxide made during the oxidative burst (Sc. 609)



e)	Life Cycles:

(1)	The flagellated promastigote insect form of the parasite is injected by the sandfly vector 



(2)	Once inside the human host the parasite transforms to a nonflagellated (amastigote) form that can evade the immune response



(3)	The parasite then invades reticuloendothelial cells, replicates, lyses those cells and enters more cells



(4)	The cycle is completed when uninfected sandflies acquire the parasite by biting an infected human

(a)	The amastigotes then transform to flagellated promastigotes and replicate

(5)	See fig 50.6, Sc. 610



f)	A variety of drugs are used to treat leishmaniasis:

(1)	Antimony-containing compounds are modestly successful



(2)	Diseases of deep organs (bone marrow) may produce fatal anemia and granulocytopenia, despite treatment



4.	Trypanosoma cruzi:  it is the cause of Chagas’ disease

a)	Infection is common throughout Latin America



b)	The vector is the reduviid bug

(1)	The soft tissue and lymph node swelling around the eye is characteristic of the bite of the reduviid bug



c)	Some persons develop serious (even fatal) illness, most develop a relatively mild disease, recover spontaneously, and remain asymptomatic



d)	Complications of Chagas’ disease result from damage to nerves in the GI tract (mesoesophagus, mesocolon) or to conducting tissue in the heart (right bundle branch block)  (Sc. 611)



e)	No treatment is known to be effective for patients with late complications



5.	Trypanosoma brucei:  it is the cause of sleeping sickness

a)	The vector is the tsetse flies in Africa



b)	The reservoirs are infected humans and animals



c)	A remarkable feature of the parasite is its ability to change its predominant surface antigen repeatedly as the host develops immunity to the previous surface antigen

(1)	Because this variability is sequential and often times predictable, efforts are being made to produce the different antigens, by genetic engineering, for immunologic prophylaxis (Sc. 612)



d)	Pathogenesis:

(1)	Weeks to months after the initial reaction, patients develop a systemic illness with fever, swollen lymph nodes, and trypanosomes in the bloodstream



(2)	After several months, or even years, the parasite crosses into the CNS and infects the brain and spinal fluid



(3)	During chronic bloodstream infection, patients undergo bouts of parasitemia

(a)	During each bout, the parasite changes its dominant surface antigens



e)	Several drugs, including pentamidine and suramin, have some usefulness during the systemic stage of this infection.

(1)	Treatment is much more difficult after infection has crossed into the CNS (Sc. 613)



6.	Free living amebae:  they include Naegleria and Acanthamoeba



a)	They have no known animal reservoir but produce serious systemic diseases, such as meningoencephalitis, and they may also cause eye infections in people who wear contact lenses (Sc. 613)



b)	There are 2 types of amoebic meningoencephalitis:

(1)	A fatal disease caused by Naegleria fowleri:

(a)	It occurs in previously healthy people

(b)	It is associated with extensive exposure to fresh water lakes



(2)	A disease caused by Acanthamoeba:

(a)	It is typically seen in older patients who are immunosuppressed



c)	Infection of the cornea (keratitis) is produced by free living amebae

(1)	It is an increasingly important cause of visual loss among contact lens wearers or persons with ocular trauma (Sc. 614)



C.	Intestinal and Vaginal Protozoa:



1.	Entamoeba histolytica:  it causes amebiasis

a)	It is transmitted from person to person via the fecal-oral route and may also be sexually transmitted 

(1)	It is harbored in the stools of carriers



b)	Life cycle:  it has 2 forms

(1)	The actively growing, vegetative trophozoite and the dormant but highly resistant cyst



c)	Patients with diarrhea caused by the infection pose a minor threat to transmission because they excrete the actively growing trophozoites, which are labile

(1)	Entamoeba produce a bloody diarrhea



d)	Asymptomatic carriers excrete the tough cyst form of the parasite; they represent a greater danger of transmission

(1)	This paradox reflects the biological principle that  successful parasites generally do not harm the host:

(a)	When amebae are in balance with their host, they are excreted as cysts, which ensures the survival of the species  (Sc. 617)



e)	E. histolytica may cause lysis of host tissue

(1)	The lesions start as small ulcerations of the intestinal epithelium and spread laterally when they encounter the deeper layers of the colon, eventually producing flask-shaped ulcers



(2)	The organisms may also spread through the bloodstream to produce abscesses in the liver, the brain and other organs



(3)	These organisms cause few or no symptoms in the majority of individuals infected (Sc. 616)



f)	Differentiation from the saprophytic E. hartmanii and E. coli is by the number of nuclei and the size of the cyst



g)	The drug of choice for active amebic infection is metronidazole, the same antimicrobial used to treat infections caused by anaerobic bacteria (Sc. 619)



2.	Giardia lamblia:  intestinal protozoan that causes giardiasis

a)	It is distributed all over the world



b)	It is found in areas of poor sanitation, in day care centers, or in mountain streams (the disease is called “hikers” disease)

(1)	It is transmitted by the fecal-oral route  (Sc. 619)



(2)	Like E. histolytica, giardiasis is acquired by ingestion of the cyst form of the parasite, which is resistant to the acid in the stomach



c)	Giardia typically produces a mild but annoying diarrheal disease 

(1)	Unlike E. histolytica, giardia is not invasive and does not produce bloody diarrhea or metastatic infection



d)	Giardiasis is treated with atabrine, a drug previously used in malaria (Sc. 620)



3.	Trichomonas vaginalis:  causes trichomoniasis 

a)	It is an extremely common inhabitant of the vagina 



b)	It is transmitted by sexual contact:  the likelihood of acquiring disease correlates directly with the number of sexual contacts



c)	T. vaginalis produces a persistent vaginitis:

(1)	Symptoms may include vaginal discharge accompanied by vulvar itching, dyspareunia (pain during sexual intercourse), dysuria, and a disagreeable odor.



(2)	Symptoms usually persist for weeks or months (669)



d)	In men, infection occurs in the urethra and prostate

(1)	T. vaginalis should be suspected in men presenting with nongonococcal urethritis 



(2)	Infections are usually asymptomatic



e)	Oral metronidazole (Flagyl) is an extremely effective treatment (670)



D.	Intestinal Helminths:  they can be divided into roundworms and tapeworms and tend to cause chronic infections that can lead to malnutrition



1.	3 roundworms are acquired by penetration through the skin:

a)	Strongyloides stercoralis



b)	Hookworms:

(1)	Nectar americanus

(2)	Ancylostoma duodenale



2.	Enterobius vermicularis (pinworm):  it causes pinworm infection

a)	Humans acquire pinworm infection by the ingestion of embryonated eggs

b)	It is transmitted readily in any area with fecal-oral conatmination



(1)	Infected humans, especially children, are the reservoirs



c)	It is common in both temperate and tropical regions (Sc. 630)



d)	After ingestion, the eggs hatch in the intestines

(1)	Gravid females migrate out of the rectum to the perianal skin to lay eggs



e)	Anal and vaginal itching are the most frequent symptoms

(1)	Perianal itching results from the deposition of eggs in that area

(a)	Scratching facilitates the spread of the infection and allows other moist areas (vagina) to be affected (Sc. 631)



f)	A number of antihelminthics, including mebendazole, are effective treatments



3.	Trichuris trichuria (whipworm):

a)	Infected humans are the reservoir



b)	Whipworm infection is generally asymptomatic

(1)	They cause damage to intestinal mucosa and malnutrition and anemia when severe  (table 52.2, Sc. 624)



4.	Ascaris lumbricoides:  one of the largest of human parasites

a)	Ascariasis, like hookworm disease, is restricted to warm climates

(1)	After excretion in stool, ascaris eggs require a warm climate to mature



b)	Unlike hookworms and Strongyloides, Ascaris larvae cannot penetrate the skin and are acquired exclusively by the fecal-oral route  (Sc. 629)

(1)	The eggs are ingested and the worms mature in the intestines



(2)	The worms enter the bloodstream and travel to the lungs

(a)	Once in the lungs, they travel up the trachea and are swallowed and regain access to the GI tract



(3)	females release their eggs into the stool



c)	Pathogenesis:

(1)	Large numbers of larvae may produce pneumonia as they cross from the bloodstream into the lungs



(2)	If adult worms are present in large numbers in the intestine, they may form a large mass (worm ball) and produce intestinal obstruction



(3)	Individual worms may produce biliary obstruction or peritonitis (by perforating the intestinal wall) (Sc. 630)



d)	Humans may also be infected by ingesting cat or dog Ascaris by the fecal-oral route



e)	Mebendazole, pyrantel pamoate, piperazine, etc. treat ascaris infection



5.	Strongyloides stercoralis:

a)	It is more prevalent in tropical areas but is transmitted in areas of poor sanitation, regardless of climate



b)	Transmission is typically fecal-cutaneous:

(1)	The worm is transmitted via human feces and penetrates human skin as filariform larvae



(2)	The life cycle of Strongyloides does not require an external soil phase



c)	After they penetrate the skin, filariform larvae enter the bloodstream and lymphatics and become trapped in the lungs.

(1)	In the lungs they break through the alveolar wall, are coughed up, and then swallowed into the GI tract where they continue their life cycle



d)	Unlike other roundworms, female Strongyloides have the unusual ability to invade the bowel wall to lay their eggs, and thus may produce severe disease:



(1)	Strongyloidiasis may produce acute clinical syndromes (peritonitis) or chronic abdominal problems that mimic peptic ulcer and gallbladder disease (Sc. 625)



(a)	Infecting worms may perforate the intestinal wall, resulting in serious bacterial septicemias



(b)	In addition they may reinfect the same host to produce a lethal systemic disease (Sc. 624)

(i)	The process of endogenous reinfection may produce a fatal hyperinfection (Sc. 626)



e)	Patients with Strongyloidiasis typically have a marked eosinophilia 



f)	Thiabendazole has been the drug of choice for strongyloidiasis 



6.	Necator americanus and Ancylostoma duodenale:  they both cause hookworm disease



a)	Hookworm is restricted to warm climates:  

(1)	Hookworm eggs require a warm environment for maturation (Sc.627)



b)	Transmission is via contact of feces-contaminated soil with human skin 

(1)	People may also be infected by cat and dog hookworm

(a)	These infections are limited to the skin and are called cutaneous larva migrans



c)	Unlike strongyloides, hookworms cannot complete their life cycle in humans, and thus cannot produce a hyperinfection

(1)	Also, hookworms do not invade the bowel wall and do not lead to bacterial superinfection syndrome



d)	Pathogenesis:

(1)	Hookworms produce chronic anemia by hanging on the intestinal mucosa with their teeth, secreting an anticoagulant, and sucking the hosts blood

(a)	In children severe infection and chronic anemia may lead to developmental retardation



(2)	As they penetrate the skin at the time of initial infection, hookworm larvae may cause local infections such as itching and irritation



e)	Mebendazole and pyrantel pamoate are used to treat infection  (Sc. 628)



E.	Diphyllobothrium latum, Taenia saginata, Taenia solium, Echinococcus granulosus:  tapeworms

1.	Tapeworms are long and ribbon-like, made up of rectangular segments in a chain



a)	An individual tapeworm is actually an animal colony:

(1)	Each segment (proglottid) is a self-contained unit capable of reproduction, metabolism, and food uptake



2.	The most common tapeworms are acquired by eating uncooked meat:

a)	Taenia saginata:  uncooked beef



b)	Taenia solium:  uncooked pork



c)	Diphyllobothrium latum:  uncooked fish



d)	Hymenolepis nana:  it is acquired by contact with rodent feces



3.	Some tapeworms cause 2 types of disease:  they are very different and must be distinguished

a)	Intestinal infection (teniasis):  caused by pork, beef, fish, or rodent tapeworms

(1)	The symptoms are mild and essentially the same for all tapeworms



b)	Deep tissue infection:  produced by pork tapeworm (cysticercosis) or the carnivore tapeworm (echinococcosis, or hydatid disease)



4.	The life cycle of beef tapeworm requires both humans and cattle:

a)	Cattle become infected by ingesting human feces containing the parasites eggs; humans become infected by eating beef that contains larvae



(1)	The eggs hatch in the intestine of cattle and enter their bloodstream to lodge in peripheral tissues

(2)	All human intestinal tapeworm infections result from eating undercooked or raw meat  (Sc. 632)



5.	Pathology:

a)	Infectious tissue larvae hatch in the human small intestine and mature into adult tapeworms

(1)	The worms may live in the intestine for decades and obtain lengths up to 10 meters



b)	Most patients are asymptomatic, but some have nausea, diarrhea, and weight loss

(1)	Some patients have low levels of vitamin B12 resulting in megaloblastic anemia (Sc. 633)



6.	Most patients are cured with a single dose of niclosamide (Sc. 634)



F.	Tissue and Blood Helminths:  they include roundworms, tapeworms, and flukes



1.	Trichinella spiralis:  roundworm that causes trichinosis

a)	Trichinosis is caused by the presence of T. spiralis larvae in the heart, skeletal muscle, brain, or GI tract

(1)	Most infected people are asymptomatic (Sc. 635)



b)	Life cycle:

(1)	After the ingestion of meat (undercooked pork) containing viable encysted Trichinella, the infective larvae hatch and mature in the small intestine of pigs or humans



(2)	The adult worms release larvae that cross the mucosa to enter the intestinal lymphatics and the bloodstream

(a)	This causes diarrhea and pain



(3)	The larvae encyst in striated and cardiac muscle fibers, and produce a marked initial inflammatory response (host immune response)

(a)	The cysts usually calcify



(4)	The cycle is completed when meat containing viable larvae is eaten



c)	The manifestations of this disease correlate with the load of worms in tissues, and range from asymptomatic to fatal (Sc. 637)



d)	Steroids and thiabendazole have been used in severely ill patients but have not been effective (Sc. 638)



2.	Schistosomes:  blood flukes



a)	Their distribution depends on the presence of the snail



b)	Life cycle:

(1)	Schistosomes develop in species of fresh water snails



(2)	The infectious stage of the parasite (cercariae) emerges from the snails and swims in water until it finds a suitable host

(a)	The cercariae are capable of burrowing through the skin of people in contaminated water



(3)	In the body, cercariae lose their tails and change into forms called schistosomulae, which can enter the bloodstream



(4)	Parasites enter the portal circulation, where they mature  (Sc. 641)



(5)	Pairs of male and female adults move to the venous plexuses of the intestines or bladder.

(a)	The mating worms remain locked together, copulating in the venous system for 10 years or more

(i)	The eggs they release may be excreted via urine or stool



(6)	The life cycle is completed when eggs are released into fresh water and penetrate the snail.



c)	The pathological findings in schistosomiasis are due primarily to the host’s inflammatory response



(1)	For intestinal infections, the host immune response to the eggs produces pathological changes such as periportal fibrosis in the liver which can lead to portal hypertension, and thus dilated collaterals in the esophagus

(a)	There is no immune response to male and female adult worms



(2)	Bladder infection may produce blood in the urine (hematuria), granulomatous inflammatory changes in the bladder, and bladder carcinoma

(a)	Damage to the bladder and ureters caused by the host immune response may lead to secondary bacterial infections (Sc. 642)



(3)	As in other helminthic infections that invade tissues, eosinophilia and elevated IgE are common



(4)	Cercariae often produce itching as they penetrate the skin



d)	Praziquantel is the treatment of choice for schistosomiasis (Sc. 643)



3.	Toxocara:  it is a parasite of dogs:

a)	They cannot complete their life cycle in humans



b)	They are more common in warm climates:

(1)	Their eggs embryonate in soil and require warmth (699)



c)	Human infection is caused by ingestion of ova from canine stools

(1)	After ingestion, the larvae reach the systemic circulation and continue to grow



(2)	When their size exceeds the diameter of the vessel they penetrate its wall and enter the tissue

(a)	They may invade any tissue in the body, where they can induce necrosis, bleeding, and the formation of eosinophilic granulomas



d)	Serous cases may develop a skin rash, an enlarged spleen, asthma, recurrent pulmonary infiltrates and abdominal pain, sleep and behavorial changes, focal neurological defects, and convulsions



(1)	Illnesses often persists for weeks or months, a condition frequently referred to as visceral larva migrans (VLM) (700)



e)	Treatment with corticosteroids can be lifesaving 

(1)	Antihelminthic therapy may not be effective (701)



4.	Filaria:  there are 2 main filarial infections, lymphatic filariasis and onchocerciasis

a)	Infective filarial larvae are injected into the skin by biting insects

(1)	The distribution of the disease is limited by these vectors and by infected persons (reservoirs)



b)	Adult filarial worms are tolerated for years in the lymphatics and subcutaneous tissues (Sc. 644)



c)	Treatment is unsatisfactory for both diseases



d)	Lymphatic filariasis (elephantiasis):

(1)	The adult filarial worms live in the lymphatics in this disease



(2)	It affects people in tropical regions, especially Asia (Sc. 643)

(a)	It is transmitted by species of mosquitoes that are present in the U.S., but disease is not endemic here because there is no reservoir of infected persons



(3)	This disease leads to tissue swelling, some of elephantine proportions



(4)	Typical manifestations are low-grade fever and inflammation of lymphatics and lymph nodes

(a)	With repeated episodes, the lymphatics become occluded and fluids leak into tissues, producing severe swelling

(i)	The lower limbs and scrotum may become swollen to gigantic size



e)	Onchocerciasis (river blindness):

(1)	The adult filarial worms live in subcutaneous tissue in this disease



(2)	It affects people in Africa, Asia, and tropical Latin America

(a)	Onchocerciasis is transmitted by Simulium black flies



(3)	It is manifested by subcutaneous nodules

(a)	About 10% of people with the disease will become blind from the disease and 30% will have visual impairments (Sc. 642)
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