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	Flat worms
	Round worms
	Acanthocephalans
	Leeches

	shape
	flat
	round
	round
	flat

	body cavity
	acoelomate
	pseudocoelomate
	pseudocoelomate
	eucoelomate

	digestive tract
	lacking or incomplete
	complete
	lacking
	complete

	excretion
	protonephridia 
	renette cells, H-shaped canal system or both
	flame cells
	metanephridia

	sexes
	monoecious except for Schistosoma, Dioecotaenia + a few others
	mostly dioecious
	dioecious
	monecious

	Attachment devices of adults
	suckers, scolex, hooks, clamps, anchors
	free moving
	spiny retractile proboscis
	sucker at each end
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Phylum Platyhelminthes – flatworms
dorsoventrally flattened; triploblastic, acoelomate; parenchyma surrounds internal organs; bilaterally symmetrical, cephalization; incomplete digestive system

protonephridia or flame cells for excretion/osmoregulation 

all monoecious except Family Schistosomatidae and a few others

circular and longitudinal muscles

ciliated epidermis covers turbellarians, the others (all parasitic) are covered with a tegument that is a syncytium (multinucleated tissue with no cell boundaries) 

once considered nonliving, protective “cuticle”; now recognized as dynamic, cellular structure
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Digenean tegument
flatworms form a monophyletic group

Phylum Platyhelminthes contains four Classes* – Turbellaria, Monogenea, Trematoda, 
Cestoidea


*Please read “Platyhelminth Systematics”
Class Turbellaria - mostly free living predators in terrestrial, freshwater, and marine environments; some are commensals or parasites of invertebrates, especially of echinoderms and molluscs
Syndesmis - in sea urchin intestine, eats intestinal tissue

CHAPTER 14

Class Trematoda - endoparasites

Subclass Aspidobothrea – few species, none of known medical or economic importance

mostly direct (one host) life cycles; if using an intermediate host, no asexual generations; most common in molluscs; ventral sucker (sometimes called opisthapter) covers entire ventral surface and has rows of muscular septa dividing it into shallow depressions called alveoli

Aspidogaster – 4 rows of alveoli; in pericardial cavity of freshwater clams; larvae

develop to adults in same clam OR escape and enter incurrent siphon of same or another 

clam, migrate to pericardial cavity and develop to adults


Cotylaspis – freshwater clam gill and kidney

CHAPTER  15

Subclass Digenea – endoparasites; at least two hosts in life cycle, the first is a mollusc; probably most diversification in bony marine fish, although many species in all other groups of vertebrates
asexual generations in molluscs; schistosomes are the only dioecious forms; usually cross fertilize
normally two suckers – oral sucker and acetabulum (or ventral sucker)

food (blood, mucus,  tissue, gut contents) absorbed by gut and tegument 

circular and longitudinal muscle layers 
nervous system of bilobed brain and three pairs (dorsal, lateral, ventral) of nerve trunks, some with cross connectors resembling a ladder 

excretion/osmoregulation typical protonephridial type with flame cells, collecting tubes, excretory pore at or near posterior end; currents produced by flame cells; flame cell formulas taxonomic indicators of phylogenetic relationships; bladder shapes - V, Y, and I
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Digenean excretory system
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Shapes of excretory bladders of digeneans (a) V-shaped, (b) Y-shaped, (c) I-shaped
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Digenean incomplete digestive system
 (drawing by Dr. David Voth, Professor Emeritus)
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Digenean reproductive system

(drawing by Dr. David Voth, Professor Emeritus)
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digenean life cycles:

egg - consists of embryo + yolk + shell which develops into a single miracidium


usually with an operculum; very important in diagnosis
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Drawing of typical digenean egg (left); TEM showing (E) Embryo (V) vitelline cells (right)
Developmental stages

miracidium - covered with ciliated epidermal plates (taxonomically important); apical gland plus penetration glands, both secrete enzymes used to bore into the snail host; body contains embryonic germ balls; does not ingest food, survives as a free-swimming form for only a few hours; behavior patterns adapted to finding a snail; are attracted to snail mucus; as penetration into snail proceeds, ciliated epidermal plates are lost; germ balls produce sporocysts
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Miracidium of Schistosoma
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Primary sporocyst


sporocyst - hollow central brood chamber contains germ balls; if present, birth pore is terminal;
if absent, rediae escape by rupture of sporocyst; no digestive system, food absorbed through  

syncytial tegument with microvilli; protonephridia; germ balls produce rediae  

redia - possess mouth, pharynx, and unbranched gut; ingests host tissue; syncytial tegument & microvilli; flame cells; birth pore near pharynx; center brood chamber contains germ balls which produce cercariae
cercaria - usually leave snail; swim or crawl (during brief free-living existence) to locate next

host; adult-like body surface, digestive tract, and flame cell system; reproductive cells begin

developing into adult gonads; penetration glands in some; cystogenic glands in others (for cyst wall production around metacercaria); behavior patterns adapted to finding the next host; taxonomy based on sucker number and position, shape and size of tail, specialized structures
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Cercaria of Clonorchis sinensis


	Redia of Fasciola hepatica

	


metacercariae (encysted cercariae) – infective stage to definitive host; not present in blood flukes; tail lost at encystment; gonads developing from reproductive cells; cyst wall is of parasite origin, host origin, or both
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Encysted metacercaria

adult - after entering a final host, a penetrated cercaria or an excysted metacercaria migrates to its favored site and develops to an adult

larval forms are more host specific than adults

In incidental hosts cellular encapsulation destroys parasites

CHAPTER 16

Order Strigeiformes - cercariae fork tailed (furcocercous); rediae without appendages

Alaria americana - canid small intestine; northern North America

egg  –  miracidium – penetrates snail  –  mother and daughter sporocyst – cercaria – mesocercaria in tadpole  –  canid eats tadpole or frog or a water snake containing mesocercariae (snake bridges ecological gap) – mesocercaria penetrates to lungs – transforms to unencysted metacercaria – crawls to throat – swallowed – develops to adult in small intestine

acquired in undercooked frog legs containing mesocercariae (can be fatal in humans)

Schistosoma - blood flukes; disease is schistosomiasis

one of the most important, widespread, and ancient human parasitic diseases

some estimates claim one person in twelve has schistosomiasis

WHO one time stated that 1 of every 7 or 8 Egyptians dies directly or indirectly of this disease

Time Magazine claimed the Mainland Chinese attack on Taiwan in 1950 was delayed by 

schistosomiasis in soldiers long enough for Taiwan to develop enough military strength to

deter any future takeover

discovered in 1851 by Bilharz; Cobbold created Bilharzia in 1859, but Weinland had published Schistosoma three months earlier (Schistosoma is the correct name); life cycle known 1915

dioecious; male has gynecophoral canal to hold female; 5 to 9 testes; no pharynx

males lack cirrus, cirrus pouch, and prostate; adults live up to 30 years

if all offspring of one pair of S. mansoni survive, 25 million individuals result

three species of the genus Schistosoma parasitize humans

S. mansoni - portal veins of large intestine; Africa, South America

300 eggs/day/female; 250,000 cercariae/miracidium
       snail genus: Biomphalaria
S. japonicum - mesenteric veins of small intestine; South East Asia

3500 eggs/day/female
       snail genus: Oncomelania
S. haematobium - veins of urinary bladder; Africa

haematuria (this symptom was found described on a papyrus scroll from 3000 BC)

egg – miracidia (live up to 6 hours) – penetrate snail – mother and daughter sporocyst – 

cercariae (live up to 3 days) – penetrate skin (now called schistosomulae) – enter circulation -

develop to adult in liver – migrate to adult site; egg to egg takes 5 to 8 weeks

snail genus: Bulinus

immunity increases with age; premunition occurs (resistance to infection dependent upon retention of the infectious agent); males show higher infection rates

adult worms cover themselves with host molecules to hide from immune system response

phases and symptoms of schistosomiasis (due almost entirely to eggs)

1) migratory phase – penetration to egg production  –  often symptomless; localized dermatitis; 

cough, fever, allergic reactions, lung and liver inflammation

2) acute phase - 4 to 10 weeks; early egg production

chills, fever, headache, fatigue

3) chronic phase - eggs no longer pass easily into lumen of bladder or intestine

blood, mucus, and pain on urination or defecation; enlarged liver and spleen

fluid accumulation in the abdominal cavity - called ascites

few eggs passed, plugged capillaries; eggs carried by blood build up in other tissues

irreversible effects - massive calcification of the bladder; bladder cancer

distortion of ureter and kidneys; urinary tract infections; cirrhosis of the liver

cardiovascular disease; retarded growth and development

diagnosis

acute phase - eggs in urine or feces

chronic phase - few eggs, if any, are passed; blood and skin tests; rectal biopsy

treatment

was with compounds of antimony (discovered by Swiss chemist Paracelsus, died 1541)

current drug of choice is praziquantel (drug targets the tegument); surgical filtering

prevention

education and sanitation; molluscicides; biological controls (carnivorous snails and crayfish eat schisto snails); eliminate Moslem practice of ablution

natural reservoirs

none for S. haematobium, few for S. mansoni, many for S. japonicum (dogs, cats)

infected snails die younger and produce fewer eggs; snails infected in the first few weeks of life usually die; light stimulates the release of cercariae; one study in Egypt found peak cercarial density to be between 12:30PM and 3:30PM

swimmers itch - due to bird schistosome cercariae penetrating human skin

Schistosoma nasale - snoring disease in cattle; in India 


adult worms cause cauliflower like growths in nostrils; eggs shed in cattle nose mucus

CHAPTER 17

Order Echinostomatiformes – simple tailed cercariae; acetabulum near oral sucker; rediae with appendages
Echinostoma revolutum
   cosmopolitan in any bird or mammal – low host specificity
   adults have a circumoral collar of peg-like spines
   use 5 genera of snails as intermediates; metacercariae in molluscs, fishes, tadpoles, planaria;
   adults in small intestine
   human echinostomiasis (common in the Orient) results from eating raw bivalves, fish


Fasciola hepatica - sheep liver fluke






      
   first written record of a fluke in 1379 as “liver rot”; first fluke life cycle, 1892; fascioliasis
   cosmopolitan in bile passages of grazers; very large size; rare in humans in the US
   oral cone gives appearance of shoulders; branched testes
   egg – miracidium – sporocyst – mother and daughter rediae – cercariae – metacercariae     

   encyst on any available object or free in water – swallowed by final host and excysts – bores

   out of intestine to liver – develops to adult in bile ducts; adults can live up to 11 years
   reservoirs are sheep, cattle, rabbits; liver damage/abscesses; various treatments; praziquantel 

   is ineffective against Fasciola.

halzon – attachment of worm to pharyngeal and buccal membranes (from eating infected raw sheep liver)
Fasciola gigantica
   up to 3 inches long in cattle liver; Africa, Asia, Hawaii; 80% infection rates in some areas
Fascioloides magna
   up to 3 inches long and one inch wide; livers of elk, cattle, sheep; No. Am., Europe
Fasciolopsis buski
   small intestine of humans and pigs; very common in the Orient; 25,000 eggs/day/worm
   metacercariae on water chestnuts, ling nuts, bamboo, various aquatic salad plants
   intestinal inflammation and abscesses, blood loss, ulceration, diarrhea, death
worm metabolites sensitize host allergic reaction; fertilization of water plants by night soil  enhances infection rates; metacercariae killed in boiling water dips
CHAPTER 18
Order Plagiorchiformes – cercariae with oral stylet and simple tail; rediae without appendages
Dicrocoelium dendriticum - bile ducts of sheep, pigs, cattle, goats; dicrocoeliiasis
egg eaten by snail – mother and daughter sporocyst – cercariae in slime balls – eaten by ants metacercariae in ants alter behavior – ants eaten by grazer – juveniles enters bile ducts – 
   develops to adult in liver; up to 50,000 adult worms/sheep
Paragonimus westermani – human lung fluke; paragonimiasis
   common in the Orient, South America, West Africa
   in lung, brain, viscera of human, dog, cat, pig, rodent, and others
   metacercariae in over 11 species of crabs and crayfish viscera and muscle
   excysted young flukes bore through intestine and diaphragm into lungs, heart, CNS, viscera
   obtained in undercooked crab/crayfish, contaminated utensils, or in food prepared on 
   contaminated wooden chopping blocks; fully cooked crab/crayfish prevents paragonimiasis
   adults may live 20 years; adults usually paired in a host produced “cyst”
   anemia, cough, fever, bloody spit (contains eggs); non-pulmonary cases can be fatal
Clonorchis sinensis - human liver fluke; very common in the Orient; clonorchiasis
   egg eaten by snail – sporocyst – redia – cercariae – metacercariae in or on 100 species of 
   freshwater fishes– fish eaten by final host – young flukes probably enter liver via bile duct –
   adults live 8 or more years, produce up to 4000 eggs/day/worm
   severe symptoms - cirrhosis, bloody diarrhea, edema, enlarged liver, bile duct erosion
   one human liver contained 21,000 worms (found at autopsy)
   prevention - sanitation, steaming of night soil, fully cooked fish (metacercariae can survive
   salting, pickling, drying, smoking), eliminate latrines over fish ponds and reservoirs (dog, cat,
   rat, pig)
   drug treatment is praziquantel
Heterophyes heterophyes - small intestine of dogs, cats, humans in North Africa and Asia
   gonotyl present – a sucker around the genital pore and to one side of the acetabulum
   metacercariae in muscle of cyprinid fishes
   adults damage intestinal lining allowing eggs to be carried to the heart (and other organs) via
   the blood stream; causes sudden heart failure
   praziquantel is an effective treatment
CHAPTER 19

Class Monogenea – ectoparasites of aquatic vertebrates, especially fishes

highly host specific, and niche specific; very few endoparasitic; tegument usually with microvilli

direct life cycles, no intermediate hosts, no asexual generations; usually cross fertilization

prohaptor – an anterior adhesive and feeding organ, may or may not be connected with mouth

   funnel; an oral sucker around the mouth may be present

opisthaptor – a posterior attachment device, may be divided into smaller suckers, may possess

   a variety of anchors, bars, clamps, hooks

   feed mostly on epidermis and mucus; some feed on blood

   egg ciliated oncomiracidium (lives less than 24 hours) – finds host – drops cilia as attachment

   to host proceeds – develops to adult

Dactylogyrus – gill filaments of fishes; a fish hatchery problem

Gyrodactylus – gyrodactyliasis, a serious fish hatchery problem 

   on skin and gills of fishes

   viviparous; polyembryony (development of a single zygote into more than one offspring) – 2nd 

   embryo forms in 1st, 3rd in 2nd, 4th in 3rd

Polystoma – mouth or urinary bladder of turtles, frog urinary bladder, tadpole gills

   egg exits frog – oncomiracidium attaches to tadpole gills – becomes adult on gills, or at tadpole

      metamorphosis, larvae crawl over skin and enter cloaca and bladder

CHAPTER 20

Class Cestoidea - digestive system absent

Subclass Eucestoda - adults are parasites of host digestive tract

one or two intermediate hosts; mostly polyzoic

	body of scolex, neck, strobila (immature, mature, gravid or ripe proglottids) monoecious, except Dioecotaenia and a few others; egg release by uterine pore or proglottid loss
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Regions along the length of a cestode (Taenia solium)
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(a) scolex and neck region (b) immature proglottids (c) mature proglottids (d) gravid proglottid

attachment with scolex, rostellum commonly present; scolices variable
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Types of scolices found on tapeworms that infect humans

(a) acetabulate, showing three of the four suckers and an armed rostellum  (b) bothriate, showing one of the two bothridial grooves

nutrients absorbed by syncytial tegument


microtriches (singular microthrix) increase surface area; adaptation for absorption of nutrients across tegument 
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Cestode tegument

circular and longitudinal muscles 
osmoregulatory/excretory system – flame cells, excretory canals, bladder (in young worms)

brain + nerve cords in ladder arrangement

embryos are 6 hooked; body spaces filled with parenchyma cells 
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Cestode brain
reproductive system – very well developed, strategy to overcome hazards of completing life cycle; usually one set of reproductive organs per proglottid; 
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Male reproductive system
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Female reproductive system
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Life cycle patterns of tapeworms that infect humans
aquatic life cycle


as seen in Order Pseudophyllidea

operculated egg hatches - free swimming coracidium released - eaten by copepod -

cilia shed - oncosphere claws its way into hemocoel of copepod, elongates - develops 

to procercoid stage -cercomer with 6 hooks is retained as a caudal appendage

copepod is eaten by a fish or mammal - 6 hooks of procercoid are used to claw its way 

out of intestine into flesh or coelom - develops in flesh or coelom to plerocercoid stage -

scolex is present - final host eats second intermediate host - scolex attaches to intestine - develops to adult

terrestrial life cycle:

as seen in Order Cyclophyllidea

egg containing oncosphere eaten by intermediate host - hatches - bores into circulation -

develops in tissue to one of several types of bladder worms (cysticercoid, cysticercus, 

coenurus, hydatid) - bladder worm eaten in flesh by final host - only scolices

survive - scolices evert and attach to intestine - develop to adult
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CHAPTER 21
General structure of cestode egg
Order Pseudophyllidea

scolex with two bothria; vitellaria scattered throughout proglottid;

uterine pore present; genital pores lateral, dorsal, or ventral; are

parasites of fishes, amphibians, reptiles, birds, and mammals

Diphyllobothrium latum - diphyllobothriasis; the broad fish tapeworm

up to 30 feet long; probably cosmopolitan; in the US Great Lakes area, West Coast,  

upper mid-west; Europe; adults in fish eating carnivores; lay one million eggs/day/worm

egg - coracidia - procercoid in Diaptomus hemocoel and other copepod genera - plerocercoid

in pike, walleye, or salmonid muscle - fish flesh eaten by final host

plerocercoids can re-invade host after host (many paratenic hosts)

adults absorb large amounts of vitamin B12 (affects RBC formation) resulting in severe anemia; other symptoms - fatigue, weight loss, diarrhea, nausea, vague abdominal discomfort - many cases are without symptoms

control involves proper sewage treatment, cooking fish, sanitation 

sparganosis – called a sparganum, human infection usually found in muscle, eyes, or connective tissue 

Sparganosis may develop from ingestion of water containing procercoid-infected copepods (Cyclops)
poultice use (application of infected freshly split frog, or any vertebrate flesh) allows sparganum transfer

Order Cyclophyllidea

scolex with 4 suckers; rostellum usually present, usually with hooks;

single compact vitelline gland; no uterine pore; genital pores lateral;

in amphibians, reptiles, birds, and mammals

Taenia saginata - taeniasis

usual length is 10 to 15 feet, but can be up to 75 feet long; may live 30 years in a human

very common in humans wherever beef is eaten; is called the human-beef tapeworm

egg eaten by cattle - hexacanth bores into circulation - settles in muscle - cysticercus - eaten

by final host - scolex everts and attaches to intestine - develops to adult

symptoms - abdominal pain, anorexia, dizziness, headache; many symptom less cases

diagnosis - 15 to 20 lateral uterine branches in shed gravid proglottids

control - fully cook beef, sanitation; treated with praziquantel

before this life cycle was known, the bladder worms were described as Cysticercus bovis
an animal infected with cysticerci of any tapeworm has a condition called cysticercosis 

about 80% of cattle are inspected; less than 1/4 of infected cattle flesh is detected

cysticerci are killed at 24o F for one week 

Taenia solium - the most dangerous human tapeworm; human-pork tapeworm

6 to 30 feet long; infrequently in humans wherever pork is eaten, but cysticerci are common in pig muscle (once described as Cysticercus cellulosae); cysticercosis occurs in people and pigs; human is only known final host; adults live 25 years; symptoms like human-beef tapeworm; life cycle like previous tapeworm; shed gravid proglottids have 7 to 13 lateral branches; human cysticercosis effects depend on cysticerci location which can be anywhere - eye, brain, muscle, heart, liver, lung, under skin; few drug treatments, usual treatment is surgery (if possible)

Taenia pisiformis - the dog-rabbit tapeworm

adults in dogs; cysticerci in mesenteries, liver, and coelom of rabbits

Taenia multiceps (formerly Multiceps multiceps) - the dog-sheep tapeworm

adults in dogs; coenuri in sheep brain cause coenuriasis, “gid,” or “staggers”

before the life cycle was known, the coenurus was described as Coenurus cerebralis

Taenia serialis (formerly Multiceps serialis) - the dog-rabbit tapeworm

adults in dogs and other canids; coenuri in subcutaneous connective tissue of rabbits

Echinococcus granulosis - hydatidosis (hydatid disease)


adults in canids, unilocular hydatid in grazers and humans; cosmopolitan

adult consists of scolex, neck, and 3 proglottids (1st immature, 2nd mature, 3rd gravid)

endogenous budding in hydatid, scolices detach; hydatid sand - 1 million scolices/quart

urban cycle is between dogs and sheep, cattle, humans (hydatid usually in liver)

sylvatic cycle is between wolves and moose, reindeer, caribou (hydatid usually in lungs)

hydatidosis severity depends on hydatid location; hydatid rupture causes instant death

20 years may elapse between infection and symptoms

diagnosis is by skin and blood tests, X-ray; treatment is surgery to remove hydatid

control - do not feed offal to dogs; destroy stray dogs

Echinococcus multilocularis 

adults very similar to E. granulosis; Europe, Asia, So. Am., No. Am. 

adults in canids (foxes); multilocular hydatid in rodents such as mice, voles (Microtus), lemmings

exogenous budding of hydatid produces a proliferating, invasive mass of small chambers

humans are accidental intermediates, hydatid usually in liver or lungs; usually inoperable

Hymenolepis nana - the dwarf tapeworm

the most common and smallest (7 to 40 mm long) tapeworm of humans

cosmopolitan in rats, mice, humans; humans usually infected by swallowing the eggs

each proglottid has 3 testes; only tapeworm that can complete a life cycle in one host

egg is swallowed - oncosphere burrows into villi - develops to cysticercoid and enters lumen -

attaches - develops to adult   OR   egg eaten by larval flea or grain beetle - cysticercoid in

arthropod eaten by final host - develops to adult

common in children; symptoms - abdominal pain, diarrhea, convulsions

Hymenolepis diminuta

adults cosmopolitan in rats; cysticercoid in grain beetles and over 90 arthropod species;

3 testes/proglottid; 250,000 eggs/day/worm

humans usually infected by eating beetle contaminated cereals

Dipylidium caninum
cosmopolitan; double set of reproductive structures in each proglottid 

shed proglottids look like cucumber seeds; adult in dogs and cats, cysticercoid in fleas and lice - eggs eaten by larval fleas and lice - cysticercoid develops in adult insect - dogs and cats are infected by nipping fleas and lice

uterus disappears early in development, eggs are in packets of 8 to 15 in ripe proglottids

human cases are almost always in children

Order Trypanorhyncha

2 or 4 bothridia; genital pores lateral; uterine pore present or absent; four eversible tentacles with hooks in the spiral intestine of elasmobranchs 
Order Tetraphyllidea

four variable bothridia; genital pores lateral; uterine pore present or absent

in spiral intestine of elasmobranch 

no complete life cycles are known; Phyllobothrium hallericola, Acanthobothrium
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