FUNDAMENTALS OF PARASITOLOGY

Terms:

Parasite: is a smaller organism that lives one or in and at the expense of a larger organism called the host.  The host’s expense may be trivial, substantial or even unbearable.  This depends on the following variables:

1) number of parasites

2) kind and or degree of injury that they inflict

3) vigor or nourishment of the host

Phoresis: a biological association in which one animal is transported by another.

Commensalism: Two organisms that live together, neither bearing a parasitic relation to the other, without harm or prejudice to either but with one or both members deriving benefit.

Parasitism:  Infestation with parasites.

1) multiple parasitism: a condition in which parasites of different species parasitize a single host.

2) Superparasitism : excessive parasitism by the same species.

Note: As a matter of convention, if the smaller organism is found is association with man or with an animal or plants that man uses for various purposes, it is called a parasite, whether it’s presence is detrimental, indifferent or beneficial.

Indirect life cycle: there is an intermediate host. 

NEMATODES

Morphology:

The body form is remarkably constant among nematodes.  Nematodes have a relatively large body cavity (pseudocoelom) containing fluid under pressure.  An increase in internal pressure causes an increase in length but minimal change in diameter.  This permits rapid locomotion.

The basic excretory system consists of paired, unicellular glands with a common mid-ventral excretory pore and ducts that run nearly the full length of the body.

Male nematodes are smaller than females.  Male nematodes have caudal ends that are often equipped with a cuticular expansion called a copulatory bursa for grasping the female.  Female nematodes have a reproductive system that consists of two ovaries, oviducts and uteri connected to a single vagina and vulva.  The location of the vulva and anatomical features are used to identify the type of nematode.

Life cycle:

All control efforts are based on an understanding of the life histories and behaviors of both host and parasite.

A general outline of the development of a nematode is portrayed here:

































































































































































































































































The stages of one cell, morula and vermiform embryo are the stages of egg development encountered in diagnostic procedures.  The difference between vermiform and first stages is that the former contains only one cell clusters as organs and the latter displays clearly recognizable organs.  

NEMATODE PARASITES OF THE CAT AND DOG

Ancylostomiasis : (Ancylostoma caninum, Ancylostoma braziliense, Uncinaria stenocephala)

The life cycle of all three species of hookworms are similar.  Infection with hookworms can occur in the following ways:

1) skin penetration : third stage larvae can infect by active skin penetration followed by migration.  Minimum prepatent period is 14 to 17 days in puppies.

2) Oral infection : minimum prepatent period is 14 to 17 days

3) Transmammary/intrauterine infection : for Ancylostoma caninum.

Adult worms live in the small intestine.  Growth and maturation after the ingestion of infective ova require between 18 and 21 days.  Females lay large quantities of eggs that are passed in the feces and under the proper conditions, hatch in 48 to 72 hours.  The larvae develop to the infective third stage within five to seven days.

Clinical Picture:

The clinical picture in hookworm disease is dependant on the virulence of the species of the hookworm involved, the degree of exposure to infective larvae and the degree of resistance of the host.  The major signs are associated with blood loss and gastrointestinal irritation.  Weakness, unfitness, anemia, diarrhea, bloody or tarry stool, anorexia, depression and death may occur.  Anemia created by blood loss is initially normocytic and normochromic, however with the development of iron deficiency the anemia becomes hypo-chromic and microcytic.  Larvae may wander through other internal organs, such as the liver and lungs, producing secondary signs of hepatitis and pneumonia.  Infection of young puppies with hookworms in utero or after birth may produce a peracute syndrome.  Prenatal infection does not become prepatent until the eleventh day, therefore, examination of puppies with hookworm disease may be negative.

Life cycle:

The life cycle of hookworms is direct.  Regardless of the method of transmission, the prepatent period is about 11 days to 2 weeks.  Transmammary transmission varies among species, but this route appears to be the primary method of Ancylostoma caninum infection in puppies.

Transmammary infection by Uncinaria stenocephala can cause profound anemia and death in puppies within 12 days after birth

Diagnosis:

A diagnosis can be made by demonstrating eggs or larvae in the feces.  In puppies prenatally or neonatally infected with hookworms, severe clinical signs may occur during the prepatent period and diagnoses must be based on signs of the disease.

Control:

When hookworm disease is prevalent, the following measures should be taken:

1) Feces should be removed regularly and not left on the ground for more than 24 hours.

2) Soil can be treated with salt 160g/L boiling water.

3) Concrete areas should be hosed and washed well

4) Bitches should be wormed prior to whelping. 

Transmission to humans:

Infective larvae can penetrate the skin causing cutaneous larval migrans (creeping eruption)

Ascariasis : Toxocara canis, Toxocara cati, Toxascaris leonina

The pattern of migration of these three roundworms are variable.  In the dog, Toxocara canis, and in the cat, Toxocara cati, follow a tracheal migration route.  Second stage larvae hatch in the stomach after ingestion, penetrate the bowel wall, enter the portal blood stream, wander in the hepatic parenchyma, enter the post cava and arrive in the lungs—breaking out the capillaries to the alveoli and migrating up the bronchial tree and trachea to the pharynx where they are swallowed.  Following a molt in the stomach wall, the parasite matures in the small intestine.  The prepatent period for direct infection is 4 – 5 weeks.

If the Toxocara larvae hatch in a foreign host, the pattern of migration is altered, resulting in somatic migration.

Toxocara canis infections in puppies less than one month of age are produced by migration of second stage larvae from the bitch to the pups in utero.  Infected puppies can have third stage larvae in their lungs when born, and a molt from the third stage to the fourth stage occurs in the first week of life.  Fourth stage larvae may be present in the intestinal tract at 3 days after birth.  Prepatent period for intrauterine infection of puppies is 19 to 23 days

Eggs of Toxocara canis can survive on soil for several years.

Diagnoses:

Prepatent infections are diagnosed by clinical signs of listlessness, dull hair coat, coughing, and distended abdomen.

Heavy prenatal Toxocara infections can produce abdominal cramps and distention in young puppies.  Obstruction of the intestinal tract may occur or the severely affected puppy may be predisposed to intussusception.

The signs associated with ascariasis are related to the migration of the parasite through the liver, heart and lungs as well as gastrointestinal irritation.  Pulmonary edema is seen with migration of the second stage larvae, signs are cough, nasal discharge and increased respiration rate.  Migration of the third stage larvae through the stomach produces distention, emesis and vomiting of immature worms.

Control:

The complexity of the life of Toxocara makes the bitch and puppies both sources of infection.  Intrauterine and post parturient infections can cause reinfection of suckling pups as well as transmammary infection.  The following control measures are important.

1) Puppies should be reared in an enclosed environment until weaning.  All fecal material should be removed daily and disposed of.

2) Puppies should be screened for Toxocara canis at 4 and 8 weeks of age.

3) Bitches should be screened for parasites during the first four weeks of pregnancy and wormed if needed.

4) The feces of the bitch should be collected daily and disposed of during the suckling period.

Transmission to humans:

Toxocara larvae have been implicated in cases of visceral larval migrans and ocular larval migrans.  Infestations in the liver and eyes.

Toxocara cati:   This is the common roundworm of felines.  Adult worms are found in the small intestine of cats and are smaller than the canine counterpart.

The lifecycle is similar to Toxocara canis but the transplacental route of infection does not take place.  The transmammary route is the primary source of infection in kittens.

Toxascaris leonine:  This appears to be the least pathogenic ascarid.  Infected cats and dogs usually have no clinical signs due to the lack of migration.

Baylisascaris sp. : This is the roundworm of raccoons.  This is an important health concern because infection in humans may be fatal.  The eggs are shed in the feces and can remain viable in the environment for years, withstanding cold and heat. Larvae hatch in the intestine and invade the intestinal wall.  If the larvae have infected a paratenic host (an intermediate host that is not needed to complete the lifecycle of the parasite) the larvae break out of the bloodstream and enter the organs, particularly the central nervous system.  There is no treatment to alleviate illness caused by migrating larvae.  Humans become infected by ingesting eggs in the soil.  It is a common parasite in raccoons but difficult to diagnose in humans.

Trichuriasis: Trichuris vulpis, Trichuris campanula, Trichuris serrata

Whipworms are common parasites of young and adult dogs (T. vulpis).  Whipworms are very rare in felines (T.campanula, T. Serrata)  

This parasite occupies the large bowel and cecum.  Eggs are passes in the stool and require a higher temperature for embryonation than other ascarid eggs.  The infective eggs are ingested by the host, hatch in the small intestine where the larvae develop in the jejunum.  They them migrate posteriorly where they mature.  The prepatent period is 70 – 197 days.  T. vulpis may live in the cecum and colon for 16 months and eggs may remain viable under proper condition for up to 5 years

Signs depend on the number of parasites present and include intermittent diarrhea, weight loss, emaciation, anemia, abdominal pain, flatulence and ‘flank suckling’

Strongyloidosis:  Strongyloides sterncoralis, Strongyloides tumefaciens

This parasite is also known as the threadworm.  This common name comes from the fact that, although it is a long parasite it is only 0.035 mm wide, like a thread.  It lives in the mucosae of the anterior half of the small intestine in dogs, cats, foxes, and man.  

This worm is unusual in several respects.  It has two forms.  A parasitic form and a form that is called ‘free living’ meaning it can live and reproduce outside of a host.

The parasitic form consists of only females.

The female worm lives in the intestine of the host where it lays eggs.  These eggs can develop even though they have not been fertilized by a male, in fact, there are no adult male worms.  The eggs hatch into larvae in the intestine and are passed in the feces.  These larvae can either develop into infective parasitic larvae or into free living worms of either sex.  The parasitic larvae enter a new host by penetrating the skin.  They migrate to the lungs, travel up the trachea and are swallowed.  The free living larvae mate but do not produce more free living larvae, they produce infective larvae that must enter a host to survive.

Signs include, diarrhea, sometimes bloody, weight loss, anorexia and inflammation at the larvae penetration site.

Transmissions to humans:

Strongyloidiasis in man is a chronic, debilitating disease.  Man and dogs can rapidly infect each other therefore caution should be used when handling infected dogs.

Spirocerca lupi

The common name for this parasite is the esophageal worm.  The life cycle requires passage through coprophagous beetles and a range of hosts that can include lizards, chickens and mice.  When infective larvae are ingested by the dog they migrate in the adventitia layer of the visceral arteries and aorta to the walls of the esophagus and stomach.  The degree of clinical signs depends on the degree of trauma and obstruction caused by the migrating larvae.  Spirocerca lupi infections may produce signs of vomiting, anorexia, dysphagia, aortic aneurysm, esophageal neoplasms.

The prepatent period is 5 – 6 months.  This worm is the only parasite thought to be associated with tumor formation.

Physaloptera

The common name of this parasite is the stomach worm.  These worms are similar in size to the adult hookworm although the Physaloptera worm is C shaped while hookworms are straight.  Physaloptera eggs will almost always contain a vermiform embryo.

Life Cycle:

The life cycle is indirect.  Beetles are a common intermediate host. Adult worms attach to the stomach wall and literally suck the mucosal lining creating a blood letting problem.  This is one of the few parasites that produce a dark tarry stool.

CESTODE PARASITES

Adult cestodes are parasites of the small intestines of vertebrates.  The definitive host becomes infected when it ingests an intermediate host containing tapeworm larvae and the intermediate host, in host, becomes infected when it ingests the tapeworm eggs discharges in the feces.

A tape worm is a chain (strobila) of progressively maturing, dependent reproductive units (segments or proglottids).  It is anchored to the host’s intestine at one end by a ‘holdfast’ organ called a scolex.  The scolex attains its full development in the larval stage.  The scolex begins to form segments by budding.  At first these segments display little or nothing in the way of internal structures, but as the chain lengthens, reproductive organs first appear then mature and finally go to ‘seed’.  In a fully developed tapeworm, all stages of sexual development are displayed in a neat linear array.  All segments are served by a common nervous system.  Each segment is self functioning and bi sexual.

Each segment has a uterine pore that permits the escape of eggs and the segments will discharge eggs until their supply is exhausted. The common tapeworm of canines and felines is Dipylidium caninum.

Dipylidium caninum

This parasite is called the double pore or cucumber seed tapeworm.  Ingesting the vector, which is the flea, infects small animals.  This tapeworm has motile, terminal, gravid proglottids which are found in the feces, on the pet’s haircoat or bedding.  They have a lateral pore located along the midpoint of each of their long edges.  If fresh proglottids are broken open, they may reveal thousands of unique egg packets.  The prepatent period is 14 – 21 days.

Taenia: Taenia pisiformis, Taenia hydatigena, Taenia ovis.

This parasite is known as the flatworm.  It is related to the pork tapeworm (Taenia solium) and the beef tapeworm (Taenia saginata).  The adult may reach 200 cm in length.  The definite host of T. pisiformis is the carnivore.  The intermediate host are hares or rabbits.  The larval stage is found in the peritoneum of the intermediate host and can be ingested by the definite host when the dog or cat feeds on the viscera.  These proglottids have a single pore located along the midpoint of either of the long edges.  The tails are slightly oval.  The eggs contain a single oncosphere with three pairs of hooks.

Taenia hydatigena (also know as Taenia taeniaformis, and Hydatigera taeniaformis)  is known as the feline tapeworm.  This parasite is infrequently seen in cats that roam and prey on mice and rats.

Echinococcus grandulosis:
This parasite is called the Hydatid worm.  As an adult tapeworm it is approx 5 mm long and consists of only 3 segments.  One immature proglottids, one mature proglottids and one gravid proglottids.  The intermediate host includes herbivores and any other organism that ingests dog feces.  In the intermediate host, the eggs hatch into larvae that travel through the bloodstream and form hydatid cysts in the tissue.  These cysts can grow to the size of a softball or even as large as a basketball and they may contain several smaller balloons inside the main cyst.  If the outer cyst ruptures new cysts can form at different locations in the body.  Hydatid cysts occur in the organs, not the subcuticular tissue.  The organs most commonly effected are the liver and the lungs, although any organ may fall victim.

The tiny proglottids are so small that they are usually overlooked by owners and definitive diagnoses is achieved by identifying the parasite taken from the intestinal tract.

Spirometra:

This parasite is referred to as the zipper tapeworm.  These parasites are found in the small intestine of canines and felines along the Gulf Coast region.  The adult worm can grow as long as 1.5 meters long.  Eggs are passed in the feces where they develop into larvae.  The larvae is ingested by the intermediate host which includes frogs, birds, snakes, rats, or mice.  The definitive host eats the intermediate host and the worm completes its life cycle becoming an egg producing adult.  Humans are a dead end host for this parasite.  The eggs of this parasite are operculated.

TREMATODE PARASITES

Trematodes (Flukes) are flat, usually leaf shaped worms.  The body is encased in a cutaneous muscular sheath in which all of the internal organs are enclosed.  The anterior part of the body bears an oral sucker with which the parasite attaches to the host’s tissues.

Flukes feed on the body fluids or mucosal secretions and some even live on the blood of the host.

Trematodes are generally hermaphroditic.  Eggs pass out of the host’s body in feces and are deposited on the ground or in water where they undergo further maturation.  Trematodes require a change of hosts for further development.  Flukes that have reached sexual maturity can thrive only in the body of a definitive host.

Life cycle of a Trematode:

Egg

Larva : covered with colia, hatches in water.

Larva passively penetrate the body of the intermediate host.

Transform into Sporocysts

Sporocysts produce rediae

Following further asexual reproduction the rediae will produce cercariae

Cercariae leave the body of the intermediate host, swim for awhile in water and are swallowed by the definitive host where they develop into a stage capable of sexual reproduction.  

Sexually mature trematodes are located mainly in bile ducts, liver, G.I tract and in rare cases, the blood.

Facioliasis:

Facioliasis is an animal disease caused by trematodes, usually Fasciola hepatica (common liver fluke), Fasciola magna (large liver fluke) and Fasciola gigantica (giant liver fluke).  The flukes primarily infect sheep, cattle and goats.

This disease is usually characterized by a chronic, or, occasionally acute, inflammation of the liver and bile ducts accompanied by general intoxication and disturbances in feeding.

Eg: Black’s Disease – death is due to toxins released from vegetative Clostridium (a bacteria) The bacteria spores are lodges in the liver and as the flukes migrate, they disturb the otherwise settled clostridium spores causing them to metamorphose into the vegetative form, releasing the toxin, killing the animal.

The common liver fluke dwells in the biliary ducts of the liver in animals although in cattle they also may encountered in the lungs.  The eggs are excreted in the hundreds, in the bile and enter the intestine and are mixed with the fecal material.  Growing flukes pass from the liver tissue to the bile ducts and cause obstructions, jaundice quickly develops. 

The clinical manifestations depend on the number of parasites in the liver.  This number can range from a single fluke to 2,000 parasites per animal.

Canine and Feline Flukes:

Intestinal Flukes are not common but they do occur.  The organism most commonly encountered is Alaria (the stomach fluke).  The eggs of this intestinal parasite are very similar to those of the lung fluke Paragonimus kellicotti.  Eggs of Paragonimus are released into the bronchial mucus and appear in the feces after being swallowed with the sputum.  The eggs tend to collapse in concentrated solutions.  The shoulder like ridge around the opurculum is an important distinguishing factor.

Dogs in the western American states may become infected with Nanophyetes salmincola.  The larval forms of this parasite occur in salmon fish.  The parasite carries a serious rickettsial pathogen, Neorickettsia helminthoeca which can cause fatal enteritis, and the association of the rickettsia to the salmon has given the disease the common name Salmon poisoning.

Cats are subject to infection with Amphimerus felineus.  This parasite inhabits to the bile ducts and the eggs are passed in the feces.  It is seen more frequently in the southern states.

PROTOZOANS

Most protozoans are fee living organisms only a small portion are associated with disease.  The etiological significance is unclear.  Eg, Intestinal flagellates tend to multiply when the host has diarrhea so the presence of large numbers of flagellates in the feces is a result and not the cause of the disease.

Diseases associated with protozoans are, coccidiosis, malaria, piroplasmosis and trypanosoma (sleeping sickness)

Flagellates: have one or more long, slender flagella for locomotion.  These parasites can be divided into two subgroups according to their location in the host’s body and the type of cycle.

· Hemoflagellates : (Trypanosoma, Lishmania) live in the blood, lymph and tissue spaces and transmitted from host to host by blood sucking flies.

· Mucosoflagellates : these live in the intestinal or genital tract often in intimate association with the mucous membrane and are transmitted from host to host in the feces or genital discharge.

Giardia:  Unlike all other intestinal flagellates that are found in the cecum and the colon, giardia parasitizes the small intestine.  These organisms can be found attached by their sucking disks to the mucosal cells.  Giardia can cause severe diarrhea and enteritis in the host.

Coccidia: Coccidia is in the class Sporozoa.  Individual hosts made be infected with several species of coccidian simultaneously.  Diagnoses is usually based on identification of eggs in the host’s feces.

This class includes:

· Eimeria: the simplest form of coccidian life.

· Isospora : This sporozoite (infective form) may encyst in the tissues of a mouse.

· Toxoplasma: This parasite is capable of infecting both definitive and intermediate hosts.  Extra-intestinal and intestinal infection occurs in the definitive host and is passed transplacentally to the unborn.  Definitive hosts are members of the feline family.  Intermediate hosts are essentially all other warm blooded animals.

Cryptosporidim:  This parasite inhabits the small intestine of canines and felines as well as a wide variety of other species.  The eggs are extremely small and difficult to view on a fecal evaluation.  The eggs of this parasite are protected by an outer shell that allows it to survive outside of the body for long periods of time.  It is also resistant to chlorine disinfection.  Water is a common method of transmission which makes it one of the most frequent causes of waterborne disease among humans.

External Parasites

¾ of the species that inhabit the earth are arthropods.  The body of a typical arthropod is composed of a series of segments, some of which bear jointed legs.  Most Veterinarian Technicians approach parasites from the host’s view point.  Kinds of trauma that they may inflict are:

Blood Loss: This occurs when more blood is removed from the parasite than can be replaced by the host.  Anemia may occur as a result of

· the numbers of blood sucking parasites 

· bone marrow depression resulting from toxic action

· substances absorbed from the bite wounds.

Immunity, Hypersensitivity and Toxicity:  Severity of host response to bites vary among individuals.  Individuals bitten may either become immune so that they suffer less reaction to bites, or, they may become hypersensitive so that continued attack may create a more severe and sometimes fatal reaction.

Worry: When insects are numerous, pastured stock may be driven frantic by attacks.  They spend so much energy and time combating insects that they can’t graze adequately and the resulting exhaustion always interferes with production and sometimes proves fatal.

Types of Vectors

A vector is an animal that transmits infective organisms from one host to another.

· Mechanical vector: a vector that transmits infective organisms directly and promptly to a recipient host without development or multiplication of the organisms.

· Biological vector: the infective organism either undergoes development or multiply or both before being transmitted to the host.

Ticks are the most important vectors of arthropod borne animal plagues.  Ticks are important in the transmission of Texas Fever, Babesia canis, Rocky Mountain Spotted Fever, Tick paralysis, Ehrlichia and viral diseases.

Mosquitoes are vectors of protozoa (malaria), viruses and filarids (Dirofilaria immitus)

Fleas are most famous as Bubonic plague vectors.  They are also hosts of Dipetalonema reconditum and Dipylidium caninum.
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