                        Unit II: Protozoology : 2.1   Protozoan parasites of Man 
Protozoa form the most primitive group in the animal kingdom. The bodies of all other animals are composed of many units, or cells, but those of the protozoa are a single cell. No matter how complex their bodies may be, and many of them are very much so, all the different structures are contained in a single cell. This complexity has made some investigators maintain that, instead of being considered single cells, protozoa should be thought of as non-cellular i.e., acellular. Protozoa are microscopic in size, only a few being visible to the naked eye. They differ from the Metazoa in being unicellular, but this difference is not as clear cut as might be supposed. 
Since their discovery by Leeuwenhoek, some 30,000 species of protozoa have been described. They occur in practically all habitats where life can exist and are among the first links of the food chain on which all higher life depends. Floating in the plankton of tropic seas, they cause the luminous glow of waves and ship-wakes. Blooming off our coasts, they cause the red tide which deposits windrows of dead fish on shore. They abound in ponds and streams and in the soil. Their role in sewage purification is just beginning to be understood. Their skeletons cover the ocean floor and form the chalk we use in classrooms. 

As parasites, protozoa play a double role. Malaria is still the world's most important disease. Trypanosomes have interdicted vast African grazing lands for livestock. Amoebae cause dysentery in man, and coccidia cause it in his domestic animals. But other protozoa, packing the termite's hind-gut almost solidly, digest the cellulose that it eats and feed it with their wastes and dead bodies. In this topic we are concerned with the protozoan parasites of men. Our understanding of these forms can be enhanced by knowledge of the human parasites that are tabulated below:
Table -Important Protozoan Parasites of man

	
	Parasite
	Habitat
	Disease and Distribution
	Mode of transmission

	1.
	Giardia lamblia
	Duodenum, may extend to bile ducts and liver
	Flagellated diarrhoea. World-wide
	Direct, by taking contaminated food.

	2.
	Trichomonas vaginalis
	Female genital tact
	Luecorrhoea. World-wide
	Direct, by coitus.

	3.
	T.hominis
	Large intestine
	Mild diarrhoea. World-wide.
	Direct, by taking contaminated food

	4
	Trypanosoma gambiense
	Initially blood, later cerebrospinal fluid
	Gambian sleeping sickness. Central Africa.
	Indirect, by bites of tse-tse fly.

	5.
	T.rhodesiense
	Initially blood, later cerebrospinal fluid
	Rhodesian sleeping sickness. South-east Africa.
	Indirect, by bites of tse-tse fly.

	6.
	T.cruzi
	Blood, heart muscles
	Chagas fever. Central and South America
	Indirect, by bites of Triatoma bug

	7.
	Leishmania donovani
	Macrophages or sinusoids in liver, spleen and bone marrow
	Kala azar. India and Africa. 
	Indirect, by bites of sand fly.

	8.
	L.tropica
	Endothelial cells of skin capillaries 
	Oriental sore. India, Persia and Arabia.
	Indirect, by bites of sand fly.

	9.
	L.brasiliencis
	Mucous membrane of nose, tongue, throat.
	Cutaneous leishmaniasis. Parts of Asia and Africa.
	Indirect, by bites of sand fly.

	10.
	Entamoeba histolytica
	Large intestine.
	Amoebic dysentery. World-wide.
	Direct, by taking contaminated food

	11.
	Plasmodium vivax
	Red blood corpuscles
	Benign tertian malaria. Tropical countries
	Indirect, by bites of female Anopheles mosquito

	12.
	P.malariae
	Red blood corpuscles
	Quartan malaria. Tropical countries
	Indirect, by bites of female Anopheles mosquito

	13.
	P.falciparum
	Red blood corpuscles
	Malignant tertian or quotidian malaria. Tropical countries
	Indirect, by bites of female Anopheles mosquito

	14
	Balantidium coli
	Large intestine
	Ciliary dysentery. World-wide
	Direct, by taking contaminated food.




Life-cycle, pathogenicity, and control of Trypanosomes in Men
Trypanosomes are hemoflagellate protozoa; they belong to the family Trypanosomatidae . Two distinctly forms of genus Trypansoma occur in humans. They cause African Trypanosomiasis (or African sleeping sickness) and America trypanosomiasis respectively.

The complex Trypanosoma brucei have two subspecies that are morphologically indistinguishable cause distinct disease patterns in humans: T. b. gambiense causes West African sleeping sickness and T. b. rhodesiense causes East African sleeping sickness. (A third member of the complex, T. b. brucei, under normal conditions does not infect humans.). The protozoan parasite, Trypanosoma cruzi , causes America typansosmiasis (or Chagas' disease), a zoonot ic disease that can be transmitted to humans by blood-sucking reduviid bugs.

T RYPANOSOMA BRUCEI COMPLEX

Trypansoma brucei complex causes African sleeping sickness. Originally, in the early years of 20 century, three African species were named: T. brucei, which was believed to be unable to infect man; T. rhodesiense , which could infect man, in whom it caused an acute disease; and T. gambiense, also infective to man but producing a much more chronic disease. It was later realized that the three “species ” were closed related, and they were reduced to subspecies of T. brucei : T. b. gambiense, T. b. rhodesiense and T. b. brucei.

Parasites inhabit the connective tissue. In man and other vertebrate hosts, these are found in the blood stream, lymph nodes and cerebrospinal fluid.

MORPHOLOGY

T. b. gambiense and T. b. rhodesiense are morphologically similar. Various forms are recognized. Basically, all these forms are flagellated.
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( Fig 1)
Trypomastigote:
It found in man and other vertebrate. Trypommatigote exhibit pleomorphism. They vary greatly in their size and shape. Two distinct types are recognized: Dividing long and slender trypomastigote with a long free flagellum and non-dividing short, thick and stumpy trypomastigotes.
1) long Slender trypomastigote : these forms are found in the blood during ascending parasitaemia. They measure 20-40μm in length and 1.5-3.5μm in breadth.

2) short Stumpy trypomastigotes: they do not have any free flagella. These forms always are found in the blood during declining phase of parasitaemia. They measure 15-25μm in length and 3.5μm in breadth. 

Trypomastigotes are slender and fusiform organisms with pointed anterior end and blunt posterior end. They have a single and large oval nucleus situated centrally. A small kinetoplast containing blepharoplast and parabasal body is situated in the posterior end of the parasite. Cytoplasm contains volutin granules. A single flagellum arises from the kinetoplast in the posterior end, curves around the body in form of a folded undulating membrane. It continues as a free flagellum beyond the anterior end.
Insect forms: It includes procyclic trypomastigotes, epimastigotes and Metacyclic trypomastigotes. These form are found in the salivary glands of Tsetse fly. Epimastigotes have a surface coat and pre-nuclear kinetoplast. They always divide by remaining attached in the lumen of the salivary glands. The metacyclic forms have variable antigen type (VAT) on their surface coat. These forms do not divide and are found free in the lumen of salivary glands. They are infective to humans.
LIFE-CYCLE

T. brucei complex their life cycle in vertebrate host and insect host. Vertebrate host include man and domestic animals. Insect host are tsetse fly of Glossina species (G. palpalis, G. morsitans, G. pallidipes, etc.). Tsetse flies are large bloodsucking Diptera  unlike mosquitoes, both sexes of Glossina feed exclusively on blood, so that both can transmit trypanosomes. Man and other vertebrate hosts acquire infection by bite of tsetse fly. These flies inoculate metacyclic trypomastigotes (infective forms) in skin during the blood meal. These metacyclic forms are immediately transformed into long slender blood stream trypomastigotes and begin to multiply in the blood, lymphatic system or in tissue. Trypomastigotes invade heart and connective tissue, bone marrow and in later stage, invade the central nervous system. In all the these sites, trypanosomes multiply as long, slender dividing forms which present in the phase of ascending parasitaemin. The  infection is periodically controlled by high level of specific IgM antibodies, causing remission of the disease. The non-dividing stumpy trypomastigotes, which replace long slender forms, are found in the remission state. These short stumpy forms are infective to tsetse fly. The tsetse fly becomes infected with bloodstream trypomastigotes when taking a blood meal on an infected mammalian host. In the fly’s midgut, the parasites transform into procyclic trypomastigotes, multiply by binary fission, leave the midgut, and transform into epimastigotes. The epimastigotes reach the fly’s salivary glands and continue multiplication by binary fission. After then the epimastigotes are transformed into metacyclic trypomastigotes. The cycle in the fly takes approximately 3 weeks. Humans are the main reservoir for Trypanosoma brucei gambiense , but this species can also be found in animals. Wild game animals are the main reservoir of T. b. rhodesiense
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Fig. 2 life-cycle
PATHOGENESIS AND CLINICAL MANIFESTATION

  Infection occurs in 3 stages. A trypanosomal chancre can develop on the site of inoculation. This is followed by a haematolymphatic stage with symptoms that include fever, lymphadenopathy, and pruritus. In the meningoencephalitic stage, invasion of the central nervous system can cause headaches, somnolence, abnormal behavior, and lead to loss of consciousness and coma. The course of infection is much more acute with T. b.rhodesiense thanT. b. gambiense .

Chancre: Trypansomal chancre is an acute inflammatory local response seen in a week or so after the bite of infected tsetse fly. It is large, red and rubbery. It is more frequently seen in Rhodesian trypanosomiasis. It shows an intense inflammatory infiltration, vasodilatation and interstitial oedema. The chancre tissue is filled with parasites. A painful trypansomal chancre appears within a few days at the site of bite and resolves spontaneously within several weeks. It is characterized by erythema, swelling and local tenderness.

Haematolymphatic stage: In the early stage of the disease, after development of the chancre, infection of the blood and lymph system results in a more or less acute febrile illness. Infected lymph glands, especially those at back of the neck, may become very enlarged; the swollen cervical glands constitute ”Winterbottom’s sign”, a classical diagnostic indication of T. b. gambiense . Oedema, hepatosplenomegaly and tachycardia are other frequent findings.
Meningoencephalitic stage :

More serious effects results from the penetration of the parasites into the CNS, which may occur at any time from weeks (T. b. rhodesiense ) to years (T. b. gambiense ) after initial infection. Here the parasites multiply in the blood vessels, tissue fluids and cerebrospinal fluid (CSF). The infected host responds by mounting a cellular and humoral immune reaction. Immunoglobulin (IgM) is secreted into the CSF, and there is massive infiltration of lymphocytes into the membrane covering the brain, especially the arachnoid membrane and the pia mater. Since the pia mater surrounds all the blood vessels in the brain, its thickening and the lymphocytic infiltrate appear as characteristic “perivascular cuffing” within the brain substance. Among the infiltrating cells are “mulberry-like” bodies, the morula (or Mott) cells; these are plasma cells in the final stage of immunoglobulin secretion. The outcome of the inflammatory process (meningoencephalitis) is brain damage leading to somnolence, coma and, unless treated, death in almost all cases. A few records exist of healthy carriers who, although infected and with trypanosomes in their blood, appear to remain well and do not develop the late stage of the disease. There are differences between the clinical manifestations of East African and West African trypanosomiasis. In T. b. rhodesiense (East African trypanosomiasis), there is usually little obvious glandular involvement and  Winterbottom’s sign may not be present; weight loss is rapid, and CNS is involved early. Untreated persons usually die within 9 months to a year after onset of disease. The incubation period is commonly short. In T. b. gambiense (West African trypanosomiasis) chronic CNS disease developed.
DIAGNOSIS

The diagnosis rests upon demonstrating trypanosomes by microscopic examination of chancre fluid, lymph node aspirates, blood, bone marrow, or, in the late stages of infection, cerebrospinal fluid. A wet preparation should be examined for the motile trypanosomes, and in addition a smear should be fixed, stained with Giemsa (or Field), and examined. Concentration techniques can be used prior to microscopic examination. For blood samples, these include centrifugation followed by examination of the buffy coat; mini anion-exchange/centrifugation; and the Quantitative Buffy Coat (QBC) technique. For other samples such as spinal fluid, concentration techniques include centrifugation followed by examination of the sediment. Isolation of the parasite by inoculation of rats or mice is a sensitive method, but its use is limited to T. b. rhodesiense . Antigen detection assays, in a test format suitable for field use, are being developed and evaluated. Antibody detection has sensitivity and specificity that are too variable for clinical decisions. In addition, in infections with T. b. rhodesiense , seroconversion occurs after the onset of clinical symptoms and thus is of limited use. However, the Card Agglutination Trypanosomiasis Test (CATT) test is of value for epidemiolog ic surveys or screening of T. b.gambiense . 
EPIDEMIOLOGY

T. b. gambiense is found in foci in large areas of West and Central Africa. The distribution of T. b. rhodesiense is much more limited, with the species found in East and Southeast Africa. African sleeping sickness is a vector-borne disease. Glossina is restricted to tropical Africa, which is the reason for the similar restriction of T. brucei. It is endemic in 36 countries of sub- Saharan Africa, in the areas where tsetse flies are found. Approximately 50 million people are at risk of acquiring the disease. East African sleeping sickness caused by T. b. rhodesiense is a zoonotic disease. Wild animals, principally, antelopes (bush buck and hartbeest) and domestic animal (cattle) are the important sources and reservoirs of infection. Infection in endemic areas is transmitted by bite of tsetse flies, principally Glossina pallidipes and G. morsitans. The infection is an occupational hazard amongst hunters, honey collectors and firewood collectors. West African sleeping sickness caused by T. b. gambiense is not a zoonot ic disease. Infected man is only source and reservoir of infection. Infection is transmitted by bite of tsetse flies of palpalis group, mainly Glossina palpalis, G. tachinoides and G. fuscipes. This infection is primarily seen in rural areas.

PREVENTION AND CONTROL

Treatment should be started as soon as possible and is based on the infected person’s symptoms and laboratory results. The drug regimen depends on the infecting species and the stage of infection. Pentamidine isethionate and suramin (under an investigational New Drug Protocol from the CDC Drug Service) are the drugs of choice to treat the hemolymphatic stage of West and East African Trypanosomiasis, respectively. Melarsoprol is the drug of choice for late disease with central nervous system involvement (infections by T.b. gambiense or T. b. rhodiense ).

Control of tsetse fly population is the mainstay of preventive measures to control sleeping sickness. Insecticides are widely used to reduce tsetse fly population. The use of traps and baits impregnated with insecticides are the various methods to control tsetse fly population.

TRYPANOSOMA CRUZI

CHAGAS, 1909

Disease : American human trypanosomosis, Chagas' disease.
Hosts : Many species of wild and domestic animals have been found naturally infected with Trypanosoma cruzi, and probably most mammals are susceptible.Man is also susceptible, infants and young children being most often affected. The most impornt wild reservoir hosts are probably armadillos (Dasypus) in South America, opossums (Didelphis) in South and Central America and the United States, and woodrats {Neotoma) and possibly raccoons (Procyo)i) in the United States. The dog, cat and possibly the pig are considered of some importance as reservoirs of infection for man in South America.

Location : The trypanosomes are found in the blood early in an infection. Later, they invade the cells of the reticuloendothelial system, heart and striated muscles and other tissues. In central nervous system infections, they are found in the neuroglial cells. Trypanosome forms occur in the blood, and leishmanial forms within the cells. Geographic 

Distribution : T. cruzi occurs in South America from Argentina north, in Central America and in southern United States. Dias (1953) published maps of the distribution of Chagas' disease in

South and Central America together with climatologic and other information. In the United States, T. cruzi had been thought until recently to be confined to the southwestern states, including Texas, Arizona, New Mexico and southern California, but Walton et al. (1956) discovered it in raccoons in Maryland, and it appears that it may be rather widely distributed in

the southeastern states. McKeever, Gorman and Norman (1958) found it in 17% of 552 opossums, 2% of 118 grey foxes {Urocyon cinereoaygentens), 1. 5% of 608 raccoons and 1% of 306 striped skunks {Mephitis mephitis) from Georgia and Florida. Walton et al. (1958) found it in 5 of 400 raccoons from Maryland. Norman et al. (1959) reported that their strains were typical T. cruzi of relatively low virulence for mice.

Morphology : The forms in the blood are monomorphic, 16 to 20 /i long, with a pointed posterior end and a curved, stumpy body. The kinetoplast is subterminal and larger than that of any other trypanosome of domestic animals or man, often causing the body to bulge around it. The undulating membrane is narrow, with only 2 or 3 undulations. There is a moderately long

free flagellum. The leishmanial forms in the muscle and other tissue cells are 1. 5 to 4.u in diameter and occur in groups. Electron microscope studies of this species have been made by Meyer and Porter (1954), Meyer, Musacchio and Mendonca (1958) and Meyer and Queiroga (1960).
Life Cycle : Altho the trypanosome form of T. cruzi is common in the blood in the early stages of Chagas' disease, it does not multiply in this form. The trypanosome forms enter the cells of the

reticulo-endothelial system, striated muscles and especially of the heart muscle, where they round up and turn into leishmanial forms. These multiply by binary fission, destroying the host cells and forming cyst-like nests of parasites. There does not appear to be conclusive proof that they turn into the crithidial form in mammals, as was once believed. The leishmanial forms turn into trypanosome forms which re-enter the blood. The vectors of T. cruzi are kissing bugs or conenose bugs, members of the hemipteran family Reduviidae. Natural infections have been found in at least 36 species of these bugs. They get their first name from the fact that in sucking blood they prefer to attack the thinner parts of the skin such as the lips or eyelids. The most important vector in South

America is probably Panstrongylus (syn. ,Triatoma) megistus. Other important vectors in South and Central America are P. geniculatus, Eutriatoma sordida, Triatoma infestans, Rliodnius prolixiis and Eratyrus cuspidatus. After they have been ingested by the triatomids along with a blood meal, the trypanosomes pass to the midgut. Here they turn into leishmanial forms which multiply by binary fission and turn into either metacyclic trypanosomes or crithidial forms. The crithidial forms multiply further by binary fission, and extend into the rectum. Here they turn into metacyclic trypanosomes, which are unable to divide until they enter a vertebrate host. The life cycle in the invertebrate host takes 6 to 15 days or longer, depending on the insect species or stage and on the temperature. The infective trypanosome forms pass out in the feces. They can penetrate the mucous membranes or skin actively. Triatomids commonly defecate after feeding, and most human infections occur when feces are rubbed into the eyes or mucous membranes following a bite. Animals can become infected by licking their bites or by eating infected bugs or rodents. 

Epidemiology : Human infections with T. cruzi are common in many parts of tropical America, including Brazil, Bolivia, northern Chile, northern Argentina, French Guiana, Paraguay, Uruguay and Venezuela.As mentioned below, acute Chagas' disease occurs primarily in infants and children, and the number of acute cases is far lower than the numbers of chronic and unrecognized infections. Chagas' disease becomes increasingly uncommon to the north of the endemic area even the infected reservoir hosts and vectors may be common. Less than 140 cases of Chagas' disease had been reported from Guatemala, Salvador, Nicaragua, Costa Rica and Panama according to Dias (1952a) while only 9 cases were known from Mexico (Mazzotti and Dias, 1950). Only a single indigenous case has been reported from the United States, by Woody and Woody (1955) in Texas.
 Pathogenesis: Chagas' disease may be either acute or chronic in man. The great majority of acute cases occur in infants and young children. The first sign of disease is often swelling of the eyes and conjunctiva. This swelling may affect either one or both sides of the face. The tear glands become inflamed, and the cervical lymph nodes swell. Later on, swellings may appear in other parts of the body. Each swelling, known as a chagoma, is due to an inflammatory exudate in the region where the parasites are invading the tissue cells. In addition to this edema, there may be anemia, more or less continuous fever, prostration and severe headache. If the patient survives the acute phase, the disease becomes more or less chronic. Some authorities believe that it persists for life. The lymph nodes are edematous and inflamed, and the liver and spleen are enlarged. The heart is affected in many cases. Electrocardiographic abnormalities are common. Inflammatory infiltration by phagocytes, fibrosis, and separation of the muscle cells and partial destruction of the fibers by the multiplying parasites are present. The death rate due to cardiac conditions is increased in endemic areas. T. cruzi may cause an acute or chronic disease in laboratory animals, depending on the strain of the parasite and the age of the host. Puppies and kittens are most susceptible, followed in order by mice and guinea pigs. The reservoir hosts are apparently not seriously affected, nor are farm animals. No clinical signs were observed in the infected young pigs, lambs, kids and calves studied by Diamond and Rubin (1958).

Diagnosis : In the acute stage of the disease, T. cruzi can be found in thick blood smears. In chronic or light infections, other methods must be used. One of the most important is xenodiagnosis, the inoculation of susceptible vector hosts. Laboratory-reared, parasite-free triatomids are allowed to feed on suspected individuals, and their droppings or intestines are examined 7 to 10 days later for developing trypanosomes. Laboratory animals can also be inoculated. In descending order of susceptibility, these are puppies, kittens, mice and guinea pigs. The trypanosomes can be cultivated in NNN medium, Weinman's (1946) medium, Diamond and Herman's (1954) SNB-9 (serum -neopeptone-blood) medium, or in a number of other media. The trypanosomes can also be found in biopsy examinations of affected lymph glands or, on necropsy, in sections of heart muscle.

PREVENTATION AND CONTROL

1) Treatment : Medication for Chagas’ disease is usually effective when given during the acute stage of infection. The drugs of choice are benznidazole or nifurtimox (under an investigational New Drug Protocol from the CDC Drug Service). Once the disease has progressed to later stages, no medication has been proven to be effective. In the chronic stage, treatment involves managing symptoms associated with the disease. Acute Chagas disease must be treated early. The decision for initiating therapy must not be swayed by negative findings or delayed while waiting for results of isolation attempts, if the clinical and epidemiologic suspicion of the disease is strong.

2) The preventive measures include: a) application of insecticides to kill the vector bugs in human dwellings and improvement of rural housing environment to eliminate the breeding places of kissing bug. b) Personal protection by using mosquito nets and insect repellants. c) Serological screening of blood donors forT. cruzi to prevent transmission by blood transfusion. d) Dusting or spraying houses with residual lindane or dieldrin has given good results.

