Histopathological changes in the course of selected parasitic diseases
Echinocococcosis (Echinococcosis cystica s. unilocularis)
This disease is caused by Echinococcus unilocularis – a larval stage of tapeworms of the genus Echinococcus granulosus. 
The adult form of the tapeworm (the strobe is 2-5 mm long and consists of three segments) parasites in the small intestine of the definitive host (dog, fox, cat, wolf), where it reproduces sexually. Intermediate hosts are: humans, sheep, cattle, pigs, horses, boars, dogs, roe deer, red deer, hares and rabbits. 

Infection occurs through the ingestion of food contaminated with tapeworm eggs (eggs can also be found on animal hair). Oncospheres released from the eggs from the digestive tract enter the vessels and travel with blood or lymph to various organs (mainly liver, lungs, eye and brain). The oncosphere in the target organ is transformed into the next developmental stage of the echinococcus, surrounded by a coat, and a cyst is formed, which can reach the size of a chicken egg. 

The cyst wall consists of two layers: 

· the outer thick cuticle layer, consisting of many inner lamellas 

· the inner layer – the parenchymatic one, from which numerous scolexes and nesting capsules (in which scolexes are also formed) are gemmating to the lumen – is the “echinocococcus sand”. 

Such cysts are referred to as fertile hydatic cysts (echinococcus fertilis, mainly found in sheep). In cattle, as a result of gemmating, numerous small blisters separated by connective tissue – echinocococcus multicysticus can form in the liver, formerly mistakenly considered to be larvae of the Echinococcus multilocularis.

Liver echinococcosis (echinococcosis hepatis cystica s. unilocularis)
It often occurs in pigs, less frequently in other animal species. It develops very slowly, for many years, without acute symptoms (in humans, it reaches 1 cm in 12 months) and it is very difficult to treat.

Surgical treatment – during the surgery the cyst and its contents have to be exfoliated, and if this is not possible, the cyst is emptied and filled with saline solution. In the past, alcohol or formalin was used to fill the cyst.

Echinocococci are surrounded by the host’s connective tissue capsule, around which macrophages, lymphocytes, leukocytes, fibroblasts and usually numerous eosinophils (acidophils) accumulate. In older cases, a thick layer of fibrous connective tissue is formed, which effectively separates echinocococci from the healthy tissue.

Echinococcus multilocularis
· the most pathogenic tapeworm for humans (intermediate host)

· the disease it causes – echinococcosis – demonstrates characteristics of cancer (infiltration growth destroying organ tissue, frequent metastases)
· it parasites mainly in the small intestine of foxes, rarely dogs and cats (final hosts)

Lungworm infection
Caused by several species of nematode belonging to the following families: 

· Dictylocaulidae in ruminants, horses
· Protostrongylidae in ruminants
· Metastongyloidae in pigs
Parasite larvae enter the gastrointestinal tract with food, and from there, they travel to the mesenteric lymph nodes. Then, via lymphatic and later venous vessels, they enter the right heart and then via lesser circulation into the lungs. In the lungs they develop (moulting) and reach sexual maturity, entering increasingly larger bronchi. Females lay eggs in the bronchi and the trachea. Then the parasites are partially couched up, and partially ingested, they enter the intestines and are excreted with faeces. The larvae that have not reached the bronchialis die in the alveoli and get encysted.

Lung changes caused by parasites:

· parasitic nodules – containing parasite larvae

· the youngest nodules have the form of tiny extravasations
· the elderly nodules are larger, greyish-white, the centre quickly becomes necrotic and undergo calcification
· the oldest nodules are dark red or black surrounded by a thin connective tissue capsule which contains a coiled, almost mature parasite

· parasitic tumours – containing mature parasites; these are foci of emphysema with greyish-white, translucent nodules or foci, the cross-section of which reveals numerous mature parasites in the bronchi

· diffuse lung disease – oedema, lymphocyte infiltrations, macrophages, plasmocytes, eosinophils, fibroblast proliferation, fibrosis and sometimes interstitial emphysema are visible in the interalveolar septa.

Coccidiosis
The disease is caused by protozoa of the family Eimeridae – intracellular parasites.

The vegetative form (trophozoite) lives in the epithelial cells, it is spherical, covered with a thin cell membrane, has no motion organelles nor contractile or food vacuoles, and a large nucleus with a distinct nucleolus is located centrally. The parasite grows preparing for division – schizont/meront. The cell enlarges and schizont/meront is divided into several hundred merozoites, which penetrate into new cells, transforming into new schizonts/meronts of the second generation. Next, the second-generation merozoites are formed, which infect new host cells, giving rise to sexual reproduction. Some are transformed into macrogametes (female) and some into microgametocytes (male). After releasing from the epithelial cells, they merge to form an oocyst, which is excreted with faeces to the external environment where the parasite further develops. 

Renal coccidiosis (coccidiosis renum) 
· usually concerns goslings between 3 weeks and 3 months of age
· has a severe course and usually ends in death
· is rare in ducks
The disease is caused by Eimeria truncata, which develops in the epithelial cells of the renal tubules. Haemorrhagic inflammation develops in the gastrointestinal tract.

Grossly: swollen kidneys show numerous white-yellow nodules the size of millet grains containing numerous oocysts on the surface and in the parenchyma.

Microscopically: epithelial cells die, the renal tubules are clotted and dilated, and an inflammatory process develops in the interstitial tissue.
Hepatic coccidiosis
It occurs in rabbits, and is caused by Eimeria stiedae 
· sporozoites released from the intestines enter the epithelial cells of the biliary canaliculi and continue to develop there

· epithelial cells disintegrate and other cells proliferate, leading to multiple papilloma growths with connective tissue proliferation
· parasites at different stages of development are visible in numerous epithelial cells,
· parasites are visible in the duct lumen, along with exfoliated, decaying epithelial cells (the so-called cell detritus), the wall of the duct is infiltrated by numerous lymphocytes, histiocytes, eosinophils and sometimes giant cells
· the expanding connective tissue penetrates radially into adjacent tissues. The changes are referred to as cholangitis chronica coccydiosa
· Grossly: numerous greyish-white or yellowish foci are present, surrounded by connective tissue (connective tissue capsule) filled with creamy or caseous mass
Sarcosporidiosis

· the disease is caused by sarcosporidia – protozoa belonging to the family Sarcocystidae
· intermediate hosts (cattle, sheep, pigs, rodents) become infected by eating invasive oocyst forms. The sporozoites they contain migrate with blood to the parenchymal organs, lymph nodes, pancreas, intestinal wall, diaphragm and skeletal muscles, where they reproduce asexually. In the muscles, the parasites are initially located inside the muscle fibres and then in the connective tissue between the muscles, forming longitudinal cysts (the so-called Miescher’s tubules) of the size from several micrometers to several millimetres. The cyst wall is built of multiple layers, and the interior, divided with numerous partitions, contains multiple zoites – forms invasive for definitive hosts
· definitive hosts (carnivorous animals and primates) become infected by eating meat with cysts containing zoites. Further (sexual) development takes place in the intestinal epithelial cells and the resulting oocysts are excreted with faeces to the external environment
Muscular sarcosporidiosis (sarcosporidiosis musculorum)
· muscles are marbled (grey and red foci), sometimes becoming hyaline, greyish-yellow, presence of small, white, longitudinal cysts arranged along the muscle fibres, no reaction from the connective tissue 
· sometimes parasites die causing necrosis of the surrounding tissues. Such foci are calcified and surrounded by epithelial and giant cells, and on the outside, they are surrounded by eosinophilic infiltration (myositis eosinophilica sarcosporidica)
Trichinellosis (trichinosis s. trichinellosis)
A disease caused by the parasite Trichinella spiralis. Mature trichinellae parasite in the intestines, larvae in the muscles of humans, pigs, boars, rats, dogs, foxes, cats and others.
The larvae travel with the blood or lymph flow, penetrate the striated muscles and settle there (in other organs they die). Around the larva, a connective tissue capsule (approx. 0.5 mm long and 0.5 mm wide) gradually develops from the host tissue, eosinophils accumulate around the capsule and fat drops (nurse cells) on the poles. After 5-6 months, the calcification process begins, usually from the poles of the capsule. Encapsulated trichinellae can stay in the muscles for up to 30 years, because of the connective tissue capsule, they are resistant to low and high temperatures and strong salinity of the meat. 

Hepatic fasciolosis (fasciolosis hepatis)
The disease mainly affects ruminants. It is caused by the fluke Fasciola hepatica. The following are observed:
· necrosis of the parenchyma or tracts created as a result of the parasite migration, undergoing secondary scarring
· chronic inflammation, especially of the bile ducts, caused by the parasites settling in them.
The fresh tracts are filled with blood and cell debris, in the form of red-brown wavy lines. Eosinophils and leukocytes infiltrate the lesion area, followed by scar tracks. As the granulation undergoes scarring, cystic or nodular forms may form. Inflammatory and fibrous processes in the liver, including bile ducts, lead to the development of cirrhosis. 

The developmental cycle:

Eggs migrate with bile to the digestive tract and are excreted with faeces. In the aquatic environment, a larva, miracidium, develops in the egg, which after leaving the eggshell, seeks a host – Galba truncatula (snail). In the snail body, it migrates to the hepatopancreas, transforming into a sporocyst, inside of which further larval forms (rediae) are formed, inside which (further on, where cercariae are developed) consequently leave the snail’s body. Cercarias rest on water grasses and encapsulate to create an invasive form – metaceracriae (adolescariae). 

Settling in the bile ducts, parasites damage the epithelium, cause cholestasis and stimulate the connective tissue to proliferate. This causes chronic cholangitis (cholangitis catarrhalis chronica distomatosa). Bacteria penetrating with the flukes or enter the body later on and deepen the inflammatory process, causing suppurative inflammation of the bile ducts (cholangitis catarrhalis chronica). Flukes that have not reached the bile ducts become encapsulated, forming greyish-white nodules, often protruding above the organ surface. 

Leukocytes, mainly eosinophils, accumulate in the area of damaged liver tissues; a band of coagulative necrosis is formed around the tunnels, infiltrated by numerous macrophages and giant cells (they clean up damaged tissues). Next, the granulation tissue containing large amounts of lymphocytes and eosinophils appears. The granulation fills the defects in the liver parenchyma and gradually undergoes fibrosis and scarring. Cholangitis is the result of mechanical irritation of the epithelium by spikes and suction cups of the fluke and the effect of toxic secretions and excretions of the parasite. 
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