CHAPTER 22
Phylum Nematoda
probably largest phylum in terms of species numbers; many parasitic, many free living
pseudocoelomate; bilateral; mostly dioecious; complete digestive tract; no cilia or flagella
pseudocoel functions as hydrostatic skeleton; pseudocoelomic fluid functions in transport

cuticle is of many layers 
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Layers of nematode cuticle

Cuticle may have pores, spines, ornamentation, and alae
alae can be cervical, caudal, and/or longitudinal

mouth cavity, rectal cavity, excretory pores, and vagina are cuticle lined

syncytial hypodermis secretes non-cellular cuticle covering (typically shed 4 times in life cycle)
hypodermal thickenings form 4 longitudinal cords projecting into the pseudocoel

dorsal and ventral thickenings contain nerve cords, laterals contain excretory canals

[image: image2.jpg]Longitudinal nerve }— Cuticle

Muscle

Dorsal cord

()

Dorsal nerve
(associated with
dorsal cord)

Muscle

Hypodermis

Esophagus

Excretory canal Radial muscle

Lateral cord

Ventral nerve

(b)




Nematode Morphology  (a) portion of the dorsal body wall (b) cross section through the esophageal region (c) cross section through the midgut region

nerve rings at both ends connected by longitudinal trunks that run dorsal, ventral, and lateral
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Nematode nervous system (a) anterior (b) posterior
body wall with only longitudinal muscles
sensory  
around mouth: tactile papillae, chemosensory amphids in shallow pits


posterior: chemosensory/glandular phasmids, light
sensory ocelli are present in free living forms
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En face view of nematode

esophagus (or pharynx) sucks in food and forces it backwards into the intestine
non-muscular, single cell layered, intestine absorbs nutrients and functions in excretion
nematode esophagus types:


important taxonomic feature


may be completely muscular, completely glandular, or both


muscular bulbs enhance esophageal action

        rhabditiform       strongylidiform       filariform       stichosome   
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(drawing by Dr. David Voth, Professor Emeritus)
anus is subterminal; cloaca present on males
excretion - intestine probably serves as primary means of excretion; one or two glandular renette
cells in free living forms; tubular canal systems (renettes united to form canal) of various shapes with osmoregulatory capacity
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Fig. 11.8

Nematode Excretory Systems


Nematode Excretory Systems  (a) aquatic nematodes (b) parasitic nematodes

waste is collected from pseudocoelomic fluid; major waste product is ammonia;
ventral excretory pore

male reproductive system



usually one testis, vas deferens, seminal vesicle, cloaca;  usually one or two copulatory spicules 
sperm cells are amoeboid, lacking flagella
female reproductive system
usually two ovaries, oviducts, uteri; one vagina; 
vulva (= gonopore) opens independent of
digestive tract; ovijector is muscular end of uterus
fertilization occurs before 3 layered egg shell is 
formed

[image: image7.emf]11-8

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Fig. 11.9

Nematode Reproductive Systems


Nematode Reproductive Systems  (a) female (b) male

nematode life cycle:  (“M” = molt; “L” = larva; also “J” = juvenile)
egg - L1 - M1 - L2 - M2 - L3 - M3 - L4 - M4 - adult
juveniles are designated as shown above, formerly by esophagus types
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Nematode Life Cycle  H, hatch; M, molt; L, larva

CHAPTER 23
Class Aphasmidea (=Adenophorea)
amphids well developed; phasmids absent (in parasitic species)
Order Trichurida
stichosome esophagus; anterior body slender, posterior stout; eggs with polar plugs or viviparous
Trichuris trichiura - human whipworm
30 to 50 mm long; cosmopolitan; in large intestine, caecum, and rectum; one spicule in males
stichosome esophagus extends anterior 2/3 of worm; anterior of worm burrows in mucosa
female lays 3000 to 20,000 eggs/day - infective in 21 days in warm moist soil - egg swallowed - adult in 3 months; adults live for several years feeding on cell contents and blood
few worms cause no symptoms
200 to 1000 worms cause anemia, blood loss (intestinal lesions leak blood), dysentery, 
secondary intestinal infections, occasional death; chronic effect is rectal prolapse
associated with poor sanitation and warm wet climate; up to 25% rate in children in S.E. US
observation diagnosis; drug treatments are effective
Trichinella spiralis - trichinosis
males lack spicules; very small worms; one host life cycle
adults in mucosa of small intestine of carnivores; present wherever pigs are found
heavily infected pork can have 100,000 “cysts”/ounce (one bite = 1.5 million juveniles)
viviparous females produce hundreds to thousands of young - juveniles enter blood stream -
arrive in muscles - “encyst” in skeletal muscle (eye, tongue, jaw, diaphragm) - muscle cell
dies - “cysts” are viable 10 months to 39 years - carnivore eats tissue containing “cysts” -
juveniles “excyst” and develop to adults in 40 hours
males (do not have spicules) die after copulation; females live one to four months 
disease cycles are sylvatic (wild carnivores and their prey) and urban (humans, rats, pigs)
garbage plays an important role in the urban cycle 
trichinosis disease (humans are a dead end host)
1) penetration of adult females into mucosa - 12 hours to 2 days; abdominal pain, diarrhea, sweating, nausea; fever and facial edema 5 to 7 days later
2) migration of juveniles - 7 to 10 days; neurological, respiratory, and excretory problems,

myocarditis (can be fatal)
3) juvenile penetration of muscle fibers - 10 days +; muscle pain; respiratory, circulatory, and nervous disorders; death due to heart, breathing, and/or kidney malfunction
diagnosis is difficult - adults and juveniles are not in feces; juveniles are not found in blood; 
positive skin tests or muscle biopsy are too late; there is currently no effective treatment
considerable immunity does develop
prevention - meat being fully cooked, frozen at 4o F, or irradiated (sterilizes males);
garbage to be fed to hogs is steamed; salting and smoking does not kill juveniles
Order Dioctophymatida 









stout cylindrical esophagus; stout worms
Dioctophyme renale - giant kidney worm
cosmopolitan; females up to 3 feet long; single spicule in males
in any large mammal, usually canids, bears, fish eaters; rare in humans
eggs shed in urine - eaten by aquatic oligochaete, Lumbriculus - infective juvenile in 
oligochaete eaten by final host or paratenic host (fishes and frogs contain encysted juvenile
worms in muscle or viscera) - paratenic host eaten by final host
adults usually destroy the right kidney first, then the left kidney
diagnosis is finding eggs in the urine; only treatment is surgery to remove the adult worm
prevention - fully cook fishes and frogs; drink only filtered clean water
CHAPTER 24
Class Phasmidea 
amphids poorly developed; phasmids present (in parasitic species)
Order Rhabditida
paired equal spicules in males; 6 small lips; rhabditiform esophagus
Rhabdias bufonis and R. ranae
in lungs of toads and frogs; common in lab toads and frogs
Strongyloides stercoralis - strongyloidiasis; tropics, subtropics, temperate zones
adult females burrow in submucosa of small intestine of humans, dogs, cats, other mammals
parasitic females are parthenogenic; males are free living; unknown factors determine embryo development into free living males or females, or parasitic parthenogenic females
life cycle follows one of three phases:
1) free living phase

eggs - juveniles - adults - etc. indefinitely
2) parasitic phase

eggs exit body in feces and release juveniles - develop to J3 filariforms - penetrate host

skin - blood - heart - lungs - bore into air sacs - crawl to throat - swallowed - develop to

adult females, burrow in submucosa, lay eggs - juveniles hatch, enter lumen, and exit
 
body in feces - develop to infective J3 filariforms or become free living adults
3) autoinfective phase
infective J3 filariforms penetrate intestine or perianal skin and repeat parasitic phase
associated with poor sanitation; disease longevity record is 40 years
symptoms - redness and itching of skin at penetration site; lung inflammation, erosion of the intestinal lining; abdominal pain
diagnosis - finding juveniles in stool; no satisfactory drug is currently available; however, ivermectin shows promise in trials 
CHAPTER 25
Order Strongylida
long slender worms; well developed male bursa with rays; hookworms show neck curvature,
cutting plates/teeth in mouth cavity used for attachment; adults suck blood and tissue fluid
hookworm life cycle:  (skin penetration to egg production takes 5 weeks)
eggs shed in feces - juveniles in soil - J3’s penetrate skin - blood - heart - lungs - bore into air
sacs, crawl to throat - swallowed - develop to adults in small intestine 
hookworms are common between parallels 36 north and 30 south
hookworm disease depends on worm number, species, nutritional status of host (iron and protein  

in diet reduce effects); 100 to 500 worms can cause considerable damage
1) cutaneous phase - itching skin at penetration sites
2) pulmonary phase - coughing, lung infections, lung hemorrhage at penetration sites
3) intestinal phase - anemia, pain, desire to eat soil (geophagy), pot belly, dullness, slowed mental and physical growth, heart failure, death
hookworm epidemiology - poor sanitation; warm, moist climate; wearing shoes;
juveniles sensitive to drying and sunlight; frost kills eggs and juveniles; salt kills juveniles; best soil is moist loose dirt (clay is poor); white people are 10X more susceptible than black people
hookworm diagnosis - eggs in stool; treatment - drugs are effective



hookworm prevention - mass treatment; diet supplements; shoes; disinfection of soil; sanitation
Necator americanus - 95% of US hookworm
primarily tropical; new world hookworm; probably arrived in slaves from old world
sharp neck bend; dorsal and ventral cutting plates; 5000 to 10,000 eggs/day/worm 
adults live 3 to 5 years; hookworm disease and poor white trash
Ancylostoma duodenale – can suck more blood than N. americanus
cutting plates and teeth; slight neck bend; usual life span is 1 yr.; 10,000 to 30,000 eggs/day
creeping eruption or cutaneous larval migrans in humans
foreign hookworm juveniles under the skin; can live weeks or months
caused by A. braziliense (from cats) and A. caninum (from dogs); both very common in pets
Haemonchus contortus - barber pole worm
blood sucking stomach worm of sheep, cattle, and goats
one of the most important nematodes of domestic livestock; causes severe anemia in hosts
J3’s are ingested in foliage
Trichostrongylus
small intestine of grazers; many species in humans; causes traumatic damage to intestine
grazers ingest J3’s in foliage; humans consume J3’s on unwashed, uncooked vegetables
Protostrongylus
   
Genus of lungworms; in herbivore bronchioles; transplacental in Bighorn Sheep 
   
snails eat eggs - infective J3’s ingested when final host eats snails along with foliage
CHAPTER 26
Order Ascaridida
large stout worms; usually 3 lips; thick shelled eggs usually sculptured
Ascaris lumbricoides
cosmopolitan in over 1 billion people; very common in S.E. US; adults (9 to 14 inches long) 
in small intestine live 9 months to a year; 200,000 eggs/day/female
eggs (need 2 weeks to be infective) - swallowed - juveniles hatch and enter circulation - lungs 
bore into air sac and crawl to throat - swallowed - develop to adults
egg to adult takes 2 months; adults feed on intestinal contents
symptoms - abdominal pain; intestinal blockage; wandering of adults; insomnia; damage to 
lung, includes hemorrhage, can be fatal
diagnosis - eggs in stool; treatment - adults easily expelled with drugs
epidemiology - resistant eggs; use of night soil and unwashed vegetables; airborne eggs
prevention - proper sanitation
Toxocara canis
in 20% of adult dogs and 98% of puppies in the US; cosmopolitan; adults in small intestine
juveniles in body tissues; prenatal infection of pups via placental crossing - juveniles lay
dormant in female dog tissues until pregnancy hormones activate them
in humans - juveniles cause visceral larval migrans; can travel to all organs;  can enter eye and cause vision loss; can be fatal
human diagnosis - blood tests; characterized by high eosinophilia; no effective treatment
control - regular dog worming; prompt feces pickup; rodents are paratenic hosts
Toxocara cati
like T. canis except it doesn’t cross the placenta
is less important cause of human visceral larval migrans
Anisakis - anisakiasis








   stomach worm of marine fishes, birds, mammals  
egg release and hatching - J2 eaten by crustacean - J3 in hemocoel - crustacean eaten by final host(marine mammals) - OR - crustacean eaten by paratenic fish host - fish eaten by final host or human (salted, raw, pickled, or smoked fishes are infective)
worms produce tumor like growths in stomach, intestinal obstruction, abscesses, peritonitis,
severe abdominal pain 1 to 12 twelve hours after ingestion 
diagnosis is with endoscope; treatment is physical removal 
numerous fish species are used as paratenic hosts
Heterakis gallinarum
cecal nematode of chickens and related birds; cosmopolitan; direct life cycle
eggs viable 4 years in soil; paratenic earthworm hosts contain juveniles 
is intermediate and vector for Histomonas meleagridis (blackhead disease of turkeys)
CHAPTER 27
Order Oxyurida
3 lips; thin shelled eggs flattened on one side; posterior bulb on esophagus; sharp pointed tails
Enterobius vermicularis and E. gregorii - pinworm or seat worm; single spicule in males
only in humans; in large intestine; most common in temperate zone; direct life cycle
female lays 4600 to 16,000 eggs on perianal skin; at body temperature, eggs infective in six
hours; eggs viable two to six days; adults live two months; eggs cause intense rectal itch
commonly found in nose; retrofection; very common in kids 
observation diagnosis or scotch tape diagnosis; drug (Vermox) treatments are effective
CHAPTER 29
Order Spirurida
anterior esophagus muscular, posterior esophagus glandular; most have two lateral lips;
male spicules usually dissimilar in size and shape
Suborder Spirurina
buccal capsule absent; insect intermediate
microfilaria juveniles may or may not retain the egg membrane as a sheath
Wuchereria bancrofti - elephantiasis
equatorial belt; adults live up to 10 years in lymph ducts of humans
infective J3’s in 77 species and subspecies of mosquitoes
ovoviviparous females release sheathed microfilariae - taken in blood meal by mosquito - 
juveniles migrate to thoracic muscles - molt to infective J3 stage - migrate to mouth parts -
J3’s enter bite site - adults in lymph channels; adults may plug lymph channels
mosquito periodicity correlates with microfilarial periodicity
disease - lymphatic inflammation, chills, fever, toxemia, swollen painful lymph nodes, 
obstruction causes varicose lymph ducts; dead worms may become abscessed
diagnosis - blood slides; skin test (is injected powdered heartworm in saline from dogs)
treatment - drugs; surgery
control - mass treatment (humans are only host); mosquito control; no reservoirs
Onchocerca volvulus - onchocerciasis or river blindness
Africa, Central and South America; humans are only known final host
adults live up to 16 years in subcutaneous nodules - eggs hatch as laid (ovoviviparous) -
unsheathed J1 microfilariae enter outer skin layers - taken in blood meal by black flies,
Simulium - infective filariform J3’s migrate from thoracic muscles to mouth parts - enter
bite site of newly bitten host
fly larvae in fast, clear water; adult flies on streamside foliage
adult worms in nodules cause no pain, no problems; J1’s cause intense itch (which can result
in secondary infections), elasticity loss, depigmentation, blindness
itching is so intense it can lead to suicide
diagnosis - skin snip, blood test
treatment - surgery to remove adults, ivermectin to kill microfilaria
prevention - fly control
Loa loa
- eye worm; loaiasis; Africa







adults migrate under skin over entire body - females release microfilariae in skin - taken in 
meal by deer flies, Chrysops - develop in fat body of fly - infective J3 filariforms migrate to
mouth parts - transmitted by bite to new host; adults live at least 15 years
symptoms - swellings, itching, joint pain, fatigue
diagnosis - microfilaria in blood; adults observed under skin or conjunctiva
treatment - surgery to remove adults; ivermectin kills microfilariae but not adults
Dirofilaria immitis
heartworm of dogs and other mammals; probably cosmopolitan; rapidly expanding in the US
adult worms in right side of heart and pulmonary artery - females release microfilariae which
then enter peripheral circulation - taken in blood meal by mosquito - develop to filariform J3’s
in Malpighian tubules - move to mouth parts - transferred to new host via mosquito bite
adult worms greatly reduce stamina, shorten life, cause heart failure, pulmonary complications
diagnosis - microfilariae in blood; blood tests
treatment - adult removal by surgery; arsenic perfusion (expensive and dangerous)
control - periodic dietary medication kills J3’s as they enter from a mosquito bite several human cases have been reported
CHAPTER 30
Suborder Camallanina
buccal capsule present; copepod intermediate
Dracunculus medinensis – human guinea worm; dracunculiasis
known since antiquity 
females up to 4 feet long under skin cause ulceration usually on wrist or ankle
ovoviviparous females release J1’s in water - eaten by copepod - enters hemocoel - infective
J3’s in 2 weeks - copepod swallowed in water by final host - females migrate to subcutaneous
layers (few males are known) - ulceration develops
copepod swallowing to ulceration is one year
disease - secondary infections in ulceration; many worms get lost in deeper tissues causing a
variety of problems
observation diagnosis
treatment - slow mechanical winding out removal technique; drugs are effective
epidemiology - step wells; ponds used as drinking water sources
       control - major progress has been made
over 3 million cases in 1992; 5,000 in 2008             
use of water filters; elimination of step wells; use of boreholes (tube wells); education
A long column of single cells (stichocytes) surrounds the esophagus
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