
The Nematoda 

 

Common characteristics of Helminthes 

Helminthes are a group of evolutionary unrelated organisms which share 

a similar form. Helminths include members of the following classes 

cestodes (tapeworms), nematodes (roundworms), and trematodes (flukes). 

The number of species of the different helminth types is vast, in the order 

of 1 million. The nematodes are the most diverse of all the helminths with 

the highest number of species. 

Characteristics that are common for all helminths include: 

Type of multiplication : 

 Helminths can be either hermaphrodites (i.e. can have both 

sexes), like tapeworms and the flukes (except the blood fluke 

which is not a hermaphrodite), or have their sexes 

differentiated, like the roundworms. 

Eggs: 

 All helminths produce eggs (also called ova) for 

reproduction. 

 Helminth eggs have a strong shell that protects them against 

a range of environmental conditions.  

 Generally thousands or even hundreds of thousands of eggs 

are produced each time the female worm deposits its eggs - a 

process called ovoposition. 

 The frequency of egg deposition from an adult helminth is 

generally daily, or up to six times per day for some Taenia 

species. 

 Adult trematodes lay smaller numbers of eggs compared to 

cestodes or nematodes. However, the egg develops into a 

miracidia from which thousands of cercariae, swimming 

larvaes, develop. This means that one egg can produce 

thousands of adult worms.
[9]

 

 Helminth eggs remain viable for 1-2 months in crops and for 

many months in soil, fresh water, and sewage, even for 

several years in faeces, night soil and sludge, a period that is 

much longer compared to other kind of 

microorganisms.
[10][11]
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Larvae: 

 Larvae hatch from these eggs (if the eggs are viable), inside 

or outside the host, depending on the type of helminth. Life 

cycles of the helminths differ in this and other specific 

aspects. Eggs that are no longer viable do not produce any 

larvae. 

 The larvae maturing in the host takes from about two weeks 

up to four months depending on the helminth species. 

 

 

The Phylum Nematoda 

Etymology:- From the Greek Nema for Thread and Eidos for form.  

 

Characteristics of Nematoda:-  

1)Bilaterally symmetrical, and vermiform.  

2)Body has more than two cell layers, tissues and organs.  

3)Body cavity is a pseudocoel, body fluid under high pressure.  

4)Body possesses a through gut with a subterminal anus.  

5)Body covered in a complex cuticle.  

6)Has a nervous system with pharyngeal nerve ring.  

7)Has no circulatory system (no blood system)  

8)Reproduction normally sexual.  

9)Feed on just about everything.  

10)Live just about everywhere, many species are endoparasites.  

Ascaris lumbricoides 

Ascaris lumbricoides 

Scientific classification 

Kingdom: Animalia 

Phylum: Nematoda 

Class: Secernentea 

Order: Ascaridida 

Family: Ascarididae 

Genus: Ascaris 

Species: A. lumbricoides 

Binomial name 

Ascaris lumbricoides 
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Ascaris lumbricoides is the giant roundworm of humans, growing to a 

length of up to 35 cm.
[1]

 It is one of several species of Ascaris. An ascarid 

nematode of the phylum Nematoda, it is the largest and most common 

parasitic worm in humans. This organism is responsible for the disease 

ascariasis, a type of helminthiasis and one of the group of neglected 

tropical diseases. An estimated one-sixth of the human population is 

infected by A. lumbricoides or another roundworm.
[2]

 Ascariasis is 

prevalent worldwide, especially in tropical and subtropical countries. 

Lifecycle 

A. lumbricoides, a roundworm, infects humans when an ingested 

fertilised egg becomes a larval worm that penetrates the wall of the 

duodenum and enters the blood stream. From there, it is carried to the 

liver and heart, and enters pulmonary circulation to break free in the 

alveoli, where it grows and molts. In three weeks, the larva passes from 

the respiratory system to be coughed up, swallowed, and thus returned to 

the small intestine, where it matures to an adult male or female worm. 

Fertilization can now occur and the female produces as many as 200,000 

eggs per day for a year. These fertilized eggs become infectious after two 

weeks in soil; they can persist in soil for 10 years or more.
[3]

 

The eggs have a lipid layer which makes them resistant to the effects of 

acids and alkalis, as well as other chemicals. This resilience helps to 

explain why this nematode is such a ubiquitous parasite.
[4]

 

Morphology 

A. lumbricoides is characterized by its great size. Males are 2–4 mm in 

diameter and 15–31 cm long. The male's posterior end is curved ventrally 

and has a bluntly pointed tail. Females are 3–6 mm wide and 20–49 cm 

long. The vulva is located in the anterior end and accounts for about one-

third of its body length. Uteri may contain up to 27 million eggs at a time, 

with 200,000 being laid per day. Fertilized eggs are oval to round in 

shape and are 45-75 μm long and 35-50 μm wide with a thick outer shell. 

Unfertilized eggs measure 88-94 μm long and 44 μm wide.
[5]

 

Epidemiology 

More than 2 billion people are affected by this infection.
[3]

 A. 

lumbricoides eggs are extremely resistant to strong chemicals, 
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desiccation, and low temperatures. The eggs can remain viable in the soil 

for several months or even years.
[5]

 

Eggs of A. lumbricoides have been identified in the Americas, Europe, 

Africa, the Middle East, and New Zealand, the oldest ones being more 

than 24,000 years old.
[6]

 

Pathogenesis  

Infections happen when a human swallows water or food contaminated 

with unhatched eggs, which hatch into juveniles in the duodenum. They 

then penetrate the mucosa and submucosa and enter venules or 

lymphatics. Next, they pass through the right heart and into pulmonary 

circulation. They then break out of the capillaries and enter the air spaces. 

Acute tissue reaction occurs when several worms get lost during this 

migration and accumulate in other organs of the body. The juveniles 

migrate from the lung up the respiratory tract to the pharynx where they 

are swallowed. They begin producing eggs within 60–65 days of being 

swallowed. These are produced within the small intestine, where the 

juveniles mature.  

Symptoms 

Often, no symptoms are seen with an A. lumbricoides infection. However, 

in the case of a particularly bad infection, symptoms may include bloody 

sputum, cough, fever, abdominal discomfort, intestinal ulcer, passing 

worms, etc.
[8][9]

 Ascariasis is also the most common cause of Löffler's 

syndrome worldwide. Accompanying symptoms include pulmonary 

infiltration, eosinophilia, and radiographic opacities 
[10]

 

Prevention 

Preventing any fecal-borne disease requires educated hygienic 

habits/culture and effective fecal treatment systems. This is particularly 

important with A. lumbricoides because its eggs are one of the most 

difficult pathogens to kill (second only to prions), and the eggs commonly 

survive 1–3 years. A. lumbricoides lives in the intestine where it lays 

eggs. Infection occurs when the eggs, too small to be seen by the unaided 

eye, are eaten. The eggs may get onto vegetables when improperly 

processed human feces of infected people are used as fertilizer for food 

crops. Infection may occur when food is handled without removing or 

killing the eggs on the hands, clothes, hair, raw vegetables/fruit, or 

cooked food that is (re)infected by handlers, containers, etc. Bleach does 

not readily kill A. lumbricoides eggs, but it will remove their sticky film, 
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to allow the eggs to be rinsed away. A. lumbricoides eggs can be reduced 

by hot composting methods, but to completely kill them may require 

rubbing alcohol, iodine, specialized chemicals, cooking heat, or 

"unusually" hot composting  

DIAGNOSIS — The diagnosis of ascariasis is usually made via stool 

microscopy. Other forms of diagnosis are through eosinophilia, imaging, 

ultrasound, or serology examination. 

  

      Microscopy — Characteristic eggs may be seen on direct 

examination of feces or following concentration techniques.  

 

 

      Eosinophilia — Peripheral eosinophilia can be found, particularly 

during the phase of larval migration through the lungs but also sometimes 

at other stages of Ascaris infection [34].  

 Imaging — In heavily infested individuals, particularly children, 

large collections of worms may be detectable on plain film of the 

abdomen. The mass of worms contrasts against the gas in the 

bowel, typically producing a "whirlpool" effect [8].  

 Ultrasound — Ultrasound examinations can help to diagnose 

hepatobiliary or pancreatic ascariasis. Single worms, bundles of 

worms, or a pseudotumor-like appearance may be seen [35]. 

Individual body segments of worms may be visible, and on 

prolonged scanning, the worms will show curling movements 

[36]. Computed tomographic (CT) scanning or magnetic 

resonance imaging (MRI) may also be used to identify worm(s) 

in the liver or bile ducts, but this is not usually necessary. 

 

 Serology — Infected individuals make antibodies to A. lumbricoides 

which can be detected. However, serology is generally reserved for 

epidemiologic studies rather than in the diagnosis in a particular 

individual [2]. IgG antibodies are not protective against infection [38].  

 

TREATMENT — Treatment consists of choosing the right drugs, 

therapy, follow-up, and supportive care for each patient. 

  

Choice of Drugs — A number of drugs can be used in the 

treatment of ascariasis. These include: pyrantel pamoate, 

mebendazole, albendazole, ivermectin, piperazine citrate, and 

levamizole. 
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Hookworm  

Hookworm is a parasitic worm that lives in the small intestine of its host, 

which may be a mammal such as a dog, cat, or human. Since N. 

americanus and Ancylostoma duodenale (also known as Old World 

hookworm) are the two species of hookworms that most commonly infest 

humans, they are usually dealt with under the collective heading of 

"hookworm infection". They differ most obviously in geographical 

distribution, structure of mouthparts, and relative size.
[1]

. 

Three species of hookworms commonly infect humans: Ancylostoma 

duodenale, Necator americanus and Strongyloides stercoralis. A. 

duodenale predominates in the Middle East, North Africa, India and 

(formerly) in southern Europe, while N. americanus predominates in the 

Americas, Sub-Saharan Africa, Southeast Asia, China, and Indonesia. 

Ancylostoma duodenale 

Ancylostoma duodenale is a species of the worm genus Ancylostoma. It is 

a parasitic nematode worm and commonly known as the Old World 

hookworm. It lives in the small intestine of hosts such as humans, cats 

and dogs, where it is able to mate and mature. infetion. They are 

dioecious.
[1]

  

Morphology 

A. duodenale worms are grayish white or pinkish with the head slightly 

bent in relation to the rest of the body. This bend forms a definitive hook 

shape at the anterior end for which hookworms are named. Ancylostoma 

duodenale is small cylindrical worm, greyish-white in color. It has two 

ventral plates on the anterior margin of the buccal capsule. Each of them 

has two large teeth that are fused at their bases. A pair of small teeth can 

be found in the depths of the buccal capsule. Males are 8 mm to 11 mm 

long with a copulatory bursa at the posterior end. Females are 10 mm to 

13 mm long, with the vulva located at the posterior end; females can lay 

10,000 to 30,000 eggs per day. The average lifespan of Ancylostoma 
duodenale is one year. 

. Additionally, males can be distinguished from females based on the 

presence of a prominent posterior copulatory bursa.
[3]
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The eggs of Ancylostoma duodenale and Necator americanus cannot be 

distinguished. Larvae cannot be found in stool specimen unless they are 

left at ambient temperature for a day or more. 

Necator americanus 

. 

Necator americanus is a species of hookworm (a type of helminth) 

commonly known as the New World hookworm. Like other hookworms, 

it is a member of the phylum Nematoda. It is a parasitic nematode that 

lives in the small intestine of hosts such as humans, dogs, and cats. 

Necatoriasis - a type of helminthiasis - is the term for the condition of 

being host to an infestation of a species of Necator.  

Morphology[ 

This parasite has two dorsal and two ventral cutting plates around the 

anterior margin of the buccal capsule. It also has a pair of subdorsal and a 

pair of subventral teeth located close to the rear. Males are usually 7-9 

mm long, whereas females are about 9-11 mm long. The typical lifespan 

of these parasites is three to five years. They can produce between 5000 

and 10,000 eggs per day.
[3]

  

N. americanus is very similar in morphology to A. duodenale. N. 

americanus is generally smaller than A. duodenale with males usually 5 

to 9 mm long and females about 1 cm long. Whereas A. duodenale 

possess two pairs of teeth, N. americanus possesses a pair of cutting 

plates in the buccal capsule. Additionally, the hook shape is much more 

defined in Necator than in Ancylostoma.
[3]

 

Life cycle of hookworms 

These worms start out as an unembryonated eggs in the soil. After 24–48 

hours under favorable conditions, the eggs become embryonated and 

hatch. This first juvenile stage 1 is known as 'rhabditiform'. The 

rhabditiform larvae grow and molt in the soil, transforming into a juvenile 

stage 2. The juvenile stage 2 molts once more until reaching the juvenile 

3 stage, which is also called 'filariform'; this is also the infective form. 

The transformation from rhabditiform to the filariform usually takes five 

to 10 days.
[4]

 This larval form is able to penetrate human skin, travel 

through the blood vessels and heart, and reach the lungs. Once there, they 

burrow through the pulmonary alveoli and travel up the trachea, where 

they are swallowed and are carried to the small intestine, where they 

mature into adults and reproduce by attaching themselves to the intestinal 
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wall, causing an increase of blood loss by the host. The eggs end up on 

the soil after leaving the body through the feces.
[5]

 On average, most adult 

worms are eliminated in one to two years.  

 

Pathogenesis 

 

Pathogenesis and clinical symptoms depend on the site where the worms 

present and their burden ( light infection may be not noticed). The clinical 

disease in hookworm infection may be due to larvae or adult worms. 

Dermal : 

When filariform larvae enter the skin they cause: 

*Sever local itching .  

* An erythematous popular rash may develop (becoming vascular )  

*Scratching and secondary bacterial infection .  

This condition ,known as Ground-itch , is more common in infection with 

Necator than with Ancylostoma .  

 

Pulmonary :  

When filariform larvae break out the pulmonary cappilliers and enter 

the alveoli may cause: 

*Minute local hemorrhages 

*coughing . 

*Chest pain . 

*Wheezing . 

*And sometimes fever (with large number of larvae). 

Gastrointestinal : 

When the adult worms attach themselves to the gut mucosa by their 

buccal capsules they suck into their mouth a portion of intestinal villie , 

they utilize gut epithelial cells and plasma for their food , are the most 

important manifestations of Ancylostomiasis (or hookworm disease ) . 

 

the smaller Necator suck about 0.03 ml a day . 

 

Major morbidity associated with hookworm is caused by:  

*Intestinal blood loss .  

*Iron deficiency anemia .  

 

*And protein malnutrition .  
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All these result mainly from adult hookworms in the intestine  ingesting 

blood, rupturing R.B.Cs ,and degrading hemoglobin in the host .This 

long- term blood loss can manifest itself self physically through : 

*Facial and peripheral edema . 

*Eosinophilia . 

*Pica caused by iron deficiency anemia . 

 

 

Diagnosis 

 

Depend on finding characteristic worm eggs on microscopic examination 

of the stools , although this is not possible in early infection . The eggs 

are oval or elliptical ,measuring about 60 micrometers by  40 micrometers 

,colorless, not bile stained and with a thin transparent hyaline shell 

membrane. When released by the worm in the intestine ,the eggs contains 

an unsegmented ovum . During its passage down the intestine , the ovum 

develops and thus the eggs passed in feces have segmented ovum , 

usually with 4 to 8 blastomeres  

 

Prevention 

 

The infective larvae develop and survive in an environment of damp dirt , 

particularly sandy and loamy soil .They cannot survive in clay or muck. 

The main lines of precaution are those indicated by sanitary science : 

1-Do not defecate in places other than latrines ,toilet ..etc. 

2-Do not use human excrement or raw sewage or untreated night soil as 

manur/ fertilizer in agriculture . 

3-Do not walk barefoot in known infected areas . 

 

Strongyloides stercoralis (Threadworm) 

Epidemiology: 
The only important helminth that can complete its life cycle in the human 

host and hence increase its numbers. Special problem in 

immunocompromized because of this. Mainly a tropical parasite because 

requires warm moist soil for transmission. 

 Morphology 

Whereas males grow to only about 0.9 mm (0.04 in) in length, females 

can grow from 2.0 to 2.5 mm (0.08 to 0.10 in). Both genders also possess 
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a tiny buccal capsule and cylindrical esophagus without a posterior 

bulb.
[8]

 In the free-living stage, the esophagi of both sexes are 

rhabditiform. Males can be distinguished from females by two structures: 

the spicules and gubernaculum 

Transmission: skin contact with invasive larvae in soil. 

Life cycle: Larvae passed into soil in human feces where mature in 

several days to skin invasive (filariform) larvae. Can exist for months in 

soil "free living" by completing life cycle without contact with human 

host man. Larvae penetrate skin, move via blood vessels to lung, invade 

airspace, move up bronchi, are swallowed, and then penetrate small 

intestinal mucosa where they mature to adults in submucosa. They 

deposit eggs in submucosa and these hatch and migrate into intestinal 

lumen. Small numbers of larvae get into blood vessels and circulate again 

to produce more adults (internal autoinfective cycle) or invade perianal 

skin and enter blood vessels to eventually produce new adults (external 

autoinfective cycle). 

Pathogenesis: Light thread-worm infections remain asymptomatic, even 

though they may persist for years due to auto-infection or re-infection. 

Heavier infections, however, can cause several forms of disease in 

humans; including dermal, pulmonary, enteric and disseminated disease. 

Migrating larvae can race through the skin (up to 10 mm per hour) 

causing larval currens, characterized by urticaria, pruritis, eosinophilia, 

dermatitis, and inflammation. Pulmonary migration may cause a mild 

transient pneumonia, with coughing, wheezing, shortness of breath, and 

transient pulmonary infiltrates (Loeffler’s syndrome). Lesions caused by 

adult worms generally consist of catarrhal inflammation, although severe 

infections may result in necrosis and sloughing of the mucosa, 
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haemorrhage, epigastric pain (may mimic peptic ulcer or Crohn’s 

disease), vomiting, abdominal distention, diarrhoea with voluminous 

stools and a malabsortion syndrome with dehydration and electrolyte 

disturbance, peripheral eosinophilia, and possibly reactive arthritis.  

 Clinical: 

  most asymptomatic 

  GI - peptic ulcer like symptoms, diarrhea rarely, cutaneous larvae 

currens (trunkal itchy dermatitis) 

   hyperinfection (disseminated strongyloides) in immunocompromised; 

spread of larvae to peritoneum, lung, CNS with contamination of those 

organs with gram negative bacteria; transmural small intestine spread of 

larvae and bacteria with necrosis of intestine 

Diagnosis: 

stool examination . NB: difficult to find strongyloides 

duodenal aspirate or Enterotest duodenal string test 

 serology (the most sensitive) 

culture of stool (Baerman media) allows "free living" strongyloides to 

multiply   

Treatment: albendazole, ivermectin 

Problems: diagnostic techniques not sensitive 

                      untreated it persists for life 

 
 

 

 

 

 

 



 

 

Trichuris trichiura 

The human whipworm (Trichuris trichiura or Trichocephalus trichiuris) 

which is one of the neglected tropical diseases) when it infects a human 

large intestine. It is commonly known as the whipworm which refers to 

the shape of the worm; it looks like a whip with wider "handles" at the 

posterior end. 

Morphology 

Trichuris trichiura has a narrow anterior esophageal end and shorter and 

thicker posterior anus. These pinkish-white worms are threaded through 

the mucosa. They attach to the host through their slender anterior end and 

feed on tissue secretions instead of blood. Females are larger than males; 

approximately 35–50 mm long compared to 30–45 mm.
[3]

 The females 

have a bluntly round posterior end compared to their male counterparts 

with a coiled posterior end. Their characteristic eggs are barrel-shaped 

and brown, and have bipolar protuberances. 

Life cycle 

The female T. trichiura produces 2,000–10,000 single-celled eggs per 

day.
[1]

 Eggs are deposited from human feces to soil where, after two to 

three weeks, they become embryonated and enter the ―infective‖ stage. 

These embryonated infective eggs are ingested and hatch in the human 

small intestine exploiting the intestinal microflora as hatching stimulus.
[2]

 

This is the location of growth and molting. The infective larvae penetrate 

the villi and continue to develop in the small intestine. The young worms 

move to the cecum and penetrate the mucosa and there they complete 

development to adult worms in the large intestine. The life cycle from 

time of ingestion of eggs to development of mature worms takes 

approximately three months. During this time, there may be limited signs 

of infection in stool samples due to lack of egg production and shedding. 

The female T. trichiura begin to lay eggs after three months of maturity. 

Worms can live up to five years, during which time females can lay up to 

20,000 eggs per day. 

 

Clinical presentation: 
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 In case of massive infection with T. trichiura , prominent hyperemia and 

edema of the mucosa with occasional ulcerations may be produced, but in 

the majority of cases the infection does not produce symptoms.   

In severe cases blood-streaked stools are observed. In the most severe 

cases rectal prolapse may occur.  

Colonic obstruction because of a tangle of worms, also  rectal prolapse  

and perforation have been reported.      

The blood loss that can occur in T. trichiura infection is likely to 

contribute to anaemia, particularly if the child also harbours hookworm, 

malaria and/or has a low intake of dietary iron. 

Undernutrition and intestinal parasitic infections affect childhood 

development and morbidity in many developing countries.  

Undernutrition may increase susceptibility to parasitic infections which in 

turn impair the nutritional status of the host. 

Rapid, severe dehydration and concominant electrolyte imbalance may 

cause death.  

Diagnosis of the disease:  Peripheral eosinophilia is practically never seen 

in pure Trichuris infection. 

Diagnosis is made when the characteristic ova are found on stool 

examination.    

Colonoscopic study should be considered a useful tool for the diagnosis 

of T. trichiura infection, even if no ovum is found in stool examination. 

. 

Epidemiology 

There is a worldwide distribution of Trichuris trichiura, with an 

estimated 1 billion human infections.
[5][6][7]

 However, it is chiefly tropical, 

especially in Asia and, to a lesser degree, in Africa and South America.  

Mebendazole and albendazole are good drugs for killing the whipworm. 

Iron deficiency, anemia and rectal prolapse can be treated with 

supplements. 
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To prevent reinfection you should take good care of your personal 

hygiene and food handling. Wash and cook your food. You can also 

freeze it for a few days to kill any parasites. 

 

 

 
 

Egg of Trichuris vulpis 
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Trichinella 

Trichinella is the genus of parasitic roundworms of the phylum Nematoda 

that cause trichinosis (also known as trichinellosis). Members of this 

genus are often called trichinella or trichina worms.  

Description 

Trichinella species are the smallest nematode parasite of humans, have an 

unusual life cycle and are one of the most widespread and clinically 

important parasites in the world.
[1]

 The small adult worms mature in the 

intestines of a definitive host such as a pig. Each adult female produces 

batches of live larvae, which bore through the intestinal wall, enter the 

blood (to feed on it) and lymphatic system, and are carried to striated 

muscle. Once in the muscle, they encyst, or become enclosed in a 

capsule. Humans can be infected by eating infected pork or horse or wild 

carnivores such as fox, cat or bear.
[1]

 

Morphology 

Males of T. spiralis measure between 1.4 mm and 1.6 mm long and are 

more flat anteriorly than posteriorly. The anus can be found in the 

terminal (side) and they have a large copulatory pseudobursa on each 

side.
[1]

 The females of T. spiralis are about twice the size of the males and 

have an anus found terminally. The vulva is located near the esophagus. 

The single uterus of the female is filled with developing eggs in the 

posterior portion, while the anterior portion contained the fully developed 

juveniles.
[1]

 

Life cycle 

Trichinella spiralis is a parasitic nematode that has a direct life cycle, 

meaning it completes all stages of development in one host. The larval 

forms are encapsulated as a small cystic structure within the infected host. 

Humans typically become infected when they eat improperly cooked 

Trichinella infected pork or other meat. When a human eats the infected 

http://en.wikipedia.org/wiki/Roundworms
http://en.wikipedia.org/wiki/Phylum
http://en.wikipedia.org/wiki/Nematoda
http://en.wikipedia.org/wiki/Trichinosis
http://en.wikipedia.org/wiki/Trichinella_spiralis#cite_note-Roberts-1#cite_note-Roberts-1
http://en.wikipedia.org/wiki/Intestine
http://en.wikipedia.org/wiki/Larva
http://en.wikipedia.org/wiki/Lymphatic_system
http://en.wikipedia.org/wiki/Striated_muscle
http://en.wikipedia.org/wiki/Striated_muscle
http://en.wikipedia.org/wiki/Cyst
http://en.wikipedia.org/wiki/Carnivores
http://en.wikipedia.org/wiki/Trichinella_spiralis#cite_note-Roberts-1#cite_note-Roberts-1
http://en.wikipedia.org/w/index.php?title=Pseudobursa&action=edit&redlink=1
http://en.wikipedia.org/wiki/Trichinella_spiralis#cite_note-Roberts-1#cite_note-Roberts-1
http://en.wikipedia.org/wiki/Trichinella_spiralis#cite_note-Roberts-1#cite_note-Roberts-1


meat, the larvae are released from the nurse cell (due to stomach pH) and 

migrate to the intestine, where they burrow into the intestinal mucosa, 

mature, and reproduce.
[2]

 Juveniles within nurse cells have an anaerobic 

or facultative anaerobic metabolism, but when they become activated, 

they adopt an aerobic metabolism characteristics of the adult.
[1]

 

 
 

Trichinella spiralis life cycle 

Female Trichinella worms live for about six weeks, and in that time can 

produce up to 1,500 larvae; when a spent female dies, she passes out of 

the host. The larvae can then gain access to the circulation and migrate 

around the body of the host.
[2]

 The migration and encystment of larvae 

can cause fever and pain brought upon by the host inflammatory 

response. In some cases, migration to specific organ tissues can cause 

myocarditis and encephalitis that can result in death. 

Nurse cell formation 

This nematode is a multi-cellular parasite that lives within a single 

muscle cell, which it modifies according to its own requirements.
[3]

 

 
 

Trichinella spiralis larvae within the diaphragm muscle of a pig 

Nurse cell formation in skeletal muscle tissue is mediated by the hypoxic 

environment surrounding the new vessel formation.
[4]
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Symptoms 

The first symptoms may appear between 12 hours and two days after 

ingestion of infected meat. The migration of worms in the intestinal 

epithelium can cause traumatic damage to the host tissue, and the waste 

products they excrete can provoke an immunological reaction.
[1]

 The 

resulting inflammation can cause symptoms such as nausea, vomiting, 

sweating and diarrhea. Five to seven days after the appearance of 

symptoms, facial edema and fever may occur. After 10 days, intense 

muscular pain, difficulty breathing, weakening of pulse and blood 

pressure, heart damage and various nervous disorders may occur, 

eventually leading to death due to heart failure, respiratory complications 

or kidney malfunction.
[1]

 

In pigs, infection is usually subclinical but large numbers of worms can 

be fatal in some cases.
[7]

 

Diagnosis and treatment 

Muscle biopsy is used for trichinosis detection. Several 

immunodiagnostic tests are also available. Typically, patients are treated 

with either mebendazole or albendazole, but efficacy of such products are 

uncertain. Symptoms can be relieved by use of analgesics and 

corticosteroids.
[1]

 

In pigs, ELISA testing is possible as a method of diagnosis. 

Anthelmintics can treat and prevent Trichinella infections 

Prevention 

Cooking pork meat properly or by freezing pork, Trichinella infection 

can be prevented. However, freezing pork is not an effective method for 

killing larvae. 

One way to prevent trichinellosis is to cook meat to safe temperatures. A 

food thermometer should be used to measure the internal temperature of 

cooked meat. Do not sample meat until it is cooked. 
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Pinworm 

The pinworm (genus Enterobius), also known as threadworm (in the 

United Kingdom and Australia) or seatworm, is a parasitic worm. It is a 

nematode (roundworm) and a common intestinal parasite or helminth, 

especially in humans.
[5]

 The medical condition associated with pinworm 

infestation is known as enterobiasis
[6]

 (a type of helminthiasis) or less 

precisely as oxyuriasis in reference to the family Oxyuridae.
[7]

 

Classification 

The pinworm (genus Enterobius) is a type of roundworm (nematode), and 

three species of pinworm have been identified with certainty.
[9]

  

Morphology 

The adult female has a sharply pointed posterior end, is 8 to 13 mm long, 

and 0.5 mm thick.
[12]

 The adult male is considerably smaller, measuring 2 

to 5 mm long and 0.2 mm thick, and has a curved posterior end.
[12]

 The 

eggs are translucent
[12]

 and have a surface that adheres to environmental 

objects.
[13]

 The eggs measure 50 to 60 μm by 20 to 30 μm, and have a 

thick shell flattened on one side.
[12]

 The small size and colourlessness of 

the eggs make them invisible to the naked eye, except in barely visible 

clumps of thousands of eggs. Eggs may contain a developing embryo or a 

fully developed pinworm larva.
[12]

 The larvae grow to 140–150 μm in 

length.
[13]

 

Distribution 

The pinworm has a worldwide distribution,
[14]

 and is the most common 

helminth (i.e., parasitic worm) infection in the United States, western 

Europe, and Oceania.  

 

Mode of transmission:  

1-fecooral routes  

2-autoinfection 

3-air-droblets transmission 

4-from clothes, bed linen and towels and close contact with infected 

persons  
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Lifecycle 

The entire lifecycle, from egg to adult, takes place in the human 

gastrointestinal tract of a single human host,
[12][13]

 from about 2–4 

weeks
[19]

 or about 4–8 weeks.
[16]

 

The lifecycle begins with eggs being ingested.
[13]

 The eggs hatch in the 

duodenum (i.e., first part of the small intestine).
[20]

 The emerging 

pinworm larvae grow rapidly to a size of 140 to 150 μm,
[19]

 and migrate 

through the small intestine towards the colon.
[13]

 During this migration, 

they moult twice and become adults.
[13][16]

 Females survive for 5 to 13 

weeks, and males about 7 weeks.
[13]

 The male and female pinworms mate 

in the ileum (i.e., last part of the small intestine),
[13]

 whereafter the male 

pinworms usually die,
[20]

 and are passed out with stool.
[21]

 The gravid 

female pinworms settle in the ileum, caecum (i.e., beginning of the large 

intestine), appendix and ascending colon,
[13]

 where they attach themselves 

to the mucosa
[16]

 and ingest colonic contents.
[14]

Almost the entire body of 

a gravid female becomes filled with eggs.
[20]

 The estimations of the 

number of eggs in a gravid female pinworm range from about 11,000
[13]

 

to 16,000.
[16]

 The egg-laying process begins about five weeks after initial 

ingestion of pinworm eggs by the human host.
[13]

 The gravid female 

pinworms migrate through the colon towards the rectum at a rate of 12 to 

14 cm per hour.
[13]

 They emerge from the anus, and while moving on the 

skin near the anus, the female pinworms deposit eggs either through (1) 

contracting and expelling the eggs, (2) dying and then disintegrating, or 

(3) bodily rupture due to the host scratching the worm.
[20]

 After 

depositing the eggs, the female becomes opaque and dies.
[21]

 The reason 

the female emerges from the anus is to obtain the oxygen necessary for 

the maturation of the eggs.
[21]

 

Pathogenesis: 

 While many infections remain asymptomatic, worm burdens may 

increase with time resulting in damage to the intestines by adult worms 

and/or damage to the perineum resulting from egg deposition. Adult 

worms attach to the mucosa and feed on intestinal content, bacteria and 

possibly epithelial cells, causing minute ulcerations which may lead to 

mild catarrhal inflammation with diarrhoea, eosinophilia and bacterial 

infection. More commonly, however, infections are characterized by 

intense perianal itching (pruritis ani) caused by host sensations and 

reactions to female worms depositing sticky eggs on the skin. Patients 

vigorously scratch themselves attempting to relieve the itching, but in 

doing so, often cause skin damage, bleeding, bacterial infection and 
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intensified itching. Heavy infections in children may cause restlessness, 

irritability, anorexia, insomnia, nightmares, bed-wetting, nausea and 

vomiting. Occasionally, wandering worms have been associated with 

appendicitis, vaginitis, and rarely, extra-intestinal granulomas in ectopic 

sites. 

Differential diagnosis: 

 Worm eggs are rarely found in faeces so conventional coprological 

examination techniques are not used. Instead, infections are best 

diagnosed by the macroscopic detection of adult worms or the 

microscopic detection of eggs on the perineum. Motile worms may be 

seen on perianal skin glistening under bright light when close visual 

examinations are conducted during the night or early in the morning. 

Adult worms may sometimes be observed on the surface of fresh stool 

samples. Alternatively, sticky-tape may be quickly applied to the perianal 

skin first thing in the morning and then stuck onto a glass slide for 

microscopic examination of adherent eggs (aptly-named perianal sticky-

tape test).  

Treatment and control:  

Anthelmintic treatment for pin-worm infections is readily available from 

most pharmacies. The drug of choice is mebendazole, although 

albendazole, levamisole and pyrantel pamoate are also effective. 

Piperazine has been used for many years but requires a longer course of 

treatment. Treatment should be repeated after about 10 days to kill any 

newly-acquired worms. Household decontamination is difficult as 

infective eggs can survive for many days in cool moist house dust and for 

a few days on toys or furniture. Nonetheless, clothes, bed linen and 

towels should be laundered in hot water, dusty areas should be well 

vacuumed and potentially contaminated surfaces should be cleaned. 

While the eggs are very resistant to many disinfectants, they are 

susceptible to desiccation in dry conditions 

 

 

 

 

 



Trematoda 

Trematoda is a class within the phylum Platyhelminthes. They are 

internal parasites of molluscs and vertebrates. Most trematodes have a 

complex life cycle with at least two hosts. The primary host, where the 

flukes sexually reproduce, is a vertebrate. The intermediate host, in which 

asexual reproduction occurs, is usually a snail. 

Trematodes types according their inhabitation :. 

1. Blood Flukes: Schistosoma haematobium, Schistosoma mansoni, 

Schistosoma japonicum. 

2. Lung Fluke: Paragonimus westermani. 

  3-Biliary Flukes: Clonorchis sinensis, Fasciola hepatica, Opisthorchis 

felineus, Dicrocoelium lanceatum 

 

4- intestinal flukes :fasciola buski 

General characteristic of Class Trematoda (Flukes): 

1) Flattened dorsoventrally (leaf-like). 

2) Unsegmented. 

3) Body is covered by cuticle. 

4) Organs of fixation: oral sucker, ventral sucker. 

5) Organs and systems of Flatworms: digestive system, excretory 

system, nervous system, genital system: Trematodes are 

hermaphrodites except genus Schistosoma. 

6) The life cycle is passed in two hosts (alternation of hosts) and has 

sexual and asexual stages. 

 

Life cycles of trematodes 

Almost all trematodes infect mollusks as the first host in the life cycle, 

and most have a complex life cycle involving other hosts. Most 

trematodes are monoecious and alternately reproduce sexually and 

asexually., but the schistosomes, which are dioecious. 
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In the definitive host, in which sexual reproduction occurs, eggs are 

commonly shed along with host feces. Eggs shed in water release free-

swimming larval forms that are infective to the intermediate host, in 

which asexual reproduction occurs. 

Life cycle adaptations\ 

Trematodes have a large variation of forms throughout their life cycles. 

Individual trematode parasites life cycles may vary from this list. 

1. Trematodes are released from the definitive host as eggs, which 

have evolved to withstand the harsh environment 

2. Released from the egg is the miracidium. This infects the first 

intermediate host in one of two ways, either active or passive 

transmission. a) Active transmission has adapted for dispersal in 

space as a free swimming ciliated miricidium with adaptations for 

recognising and penetrating the first intermediate host. b) Passive 

transmission has adapted for dispersal in time and infects the first 

intermediate host contained within the egg. 

3. The sporocyst forms inside the snail first intermediate host and 

feeds through diffusion across the tegument 

4. The Rediae also forms inside the snail first intermediate host and 

feeds through a developed pharynx. Either the rediae or the 

sporocyst develops into the cercariae  

5. The cercariae are adapted for dispersal in space and exhibit a large 

variety in morphology. They are adapted to recognise and penetrate 

the second intermediate host, and contain behavioural and 

physiological adaptations not present in earlier life stages. 

6. The metacercariae are an adapted cystic form dormant in the 

secondary intermediate host. 

7. The adult is the fully developed form which infects the definitive 

host. 

Fasciola species 

Introduction  

Fasciola, Fasciolopsis and Echinostoma species are trematodes which 

parasitise the liver and intestines of a variety of vertebrates. They are 

hermaphroditic.  

Fasciola hepatica trematodes are not thought to infect man but in fact 

man is not an unusual host, with infections being reported in many 

countries including Europe and the USA. The eating of unwashed 
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watercress appears to be the source of infection, with them ending up in 

the liver. The most common host is sheep where they can cause severe 

disease.  

Fasciolopsis buski (giant intestinal fluke) is a duodenal parasite infecting 

both man and pigs. They are found widespread in Asia and China, but 

they have been found to be endemic in Taiwan, Thailand, Bangladesh and 

India. Night soil is used as a fertiliser in these countries on plants such as 

water chestnut and caltrops. The snails graze on these crops and also the 

definitive hosts eat them raw and unwashed, peeling the edible water 

plants with their teeth.  

Despite the large numbers of these flukes they are of little medical 

importance, the most important being F. buski.  

   

Species  

   

Geographic 

Distribution  

Reservoir 

Hosts  

Location of 

adult in 

host  

Size of Ova  

Fasciola 

hepatica  

Cosmopolitan  Sheep  

   

   

Bile Ducts  130 - 150m  

by  

63 - 90m  

Fasciolopsis 

buski  

Far-East and 

Indian Sub-

continent  

Pigs, Digs 

and Rabbits  

Intestine  130 – 

140m  

by  

80 - 85m  

Paragonimu

s 

westermanni 

South East 

Asia and 

Japan  

Variety of 

Mammals  

Lung 88 – 116m  

by  

58 - 69m  

   

Table1. Table describing the characteristics which differentiate the 

various Fasciola species which are important to man.  

Life cycle and transmission  



The life cycles of Fasciola, Fasciolopsis and Echinostoma species are 

complex, requiring more than one intermediate host.     

Adult worms inhabit the liver or bile ducts of the definitive host (human), 

where they lay many eggs which are deposited into the environmnent in 

the faeces. They are immature when passed.  If they are passed into water 

they become mature in 9 to 15 days at the optimum temperature of 22 - 

25C. 

Morphology  

The morphology of the adult flukes of Fasciola, Fasciolopsis and 

Echinostoma species is well documented. (Fig.)They are large leaf-

shaped parasites about 2 –3 cm long.  There are two suckers, an anterior 

oral sucker surrounding the mouth and a ventral sucker (acetabulum) on 

the ventral surface.  

   

   

Figure 3.  Adult fluke of a Fasciola trematode. Their morphology 

shows a large leaf-shape about 2 – 3cm long with two suckers, an oral 

and a ventral one.  

   

The outer tegument is covered in tiny spines which face backwards 

enabling them to attach themselves along with their suckers to the tissues.  

Ova are all thin shelled, ellipsoid, quinone coloured (bile stained) with an 

operculum that is often inconspicuous. Although ova of Echinostoma 

species can usually be differentiated by size due these flukes beign much 

smaller in size than F. Buski and F. hepatica, there is much cross-over in 

the size of Fasciola and Fasciolopsis species as shown in  

 Pathogenesis  



Light infections due to Fasciola hepatica may be asymptomatic.  

However, they may produce hepatic colic with coughing and vomiting; 

generalised abdominal rigidity, headache and sweating, irregular fever, 

diarrhoea and anaemia.  

   

   

Figure 5.  Ova of Fasciola are ovoid in shape, quinone colour and often 

showing an inconspicuous operculum. Fasciola hepatica ova measure 

130 - 150m by 63 - 90m. There is much cross-over in ova size between 

all of the Fasciola species.  

Infections due to Fasciola gigantica occur mainly in cattle raising areas 

and cause clinical symptoms similar to those of Fasciola hepatica 

although human infections are less common.  

The adult flukes of Fasciolopsis buski attach to the intestine, resulting in 

local inflammation and ulceration.  Heavier infections may subsequently 

lead to abdominal pain, malabsorption and persistent diarrhoea, oedema 

and even intestinal obstruction. Marked eosinophilia may be seen.  

The adult flukes of Echinostoma species attach to the intestine resulting 

in little damage to the intestinal mucosa. Light infections are generally 

asymptomatic and heavy infections may produce light ulceration, 

diarrhoea and abdominal pain.  



Harm caused by Fasciola hepatica 

Liver flukes are very harmful for their hosts, 

particularly for sheep. Young immature flukes migrating through the 

liver tissues and crossing the wall of the bile ducts cause the major harm. 

This process destroys the tissues and causes bleeding. The spines in the 

surface of the flukes irritate the tissues that become inflamed. All this 

leads to cell death and fibrosis, i.e. the formation of excessive connective 

tissue that replaces the dead liver cells, which impairs the normal 

functioning of the liver. Affected livers increase in size and become 

fragile. Some flukes can become encapsulated in the liver tissues and 

build cysts as large as walnuts. The bile ducts are also damaged: they 

become thickened and can be calcified and even obstructed. Infections 

with secondary bacteria can also happen, mainly due to the general 

weakness of the host that debilitates its own immune system. In addition, 

flukes produce own toxins that impair the normal function of the liver. 

Laboratory diagnosis  

Definitive diagnosis is made by observing the ova in faeces, since the 

flukes are very prolific any significant infection will be easily picked up.  

Where identification cannot be made from the size of the ova, clinical 

information and the source of infection may help to provide a diagnosis.  

Serological techniques are available for the diagnosis of Fasciola 

hepatica 

 

Paragonimus westermanni  

 

Introduction  

Paragonimus westermanni is a lung fluke found in both humans and 

animals.  The adults are 12mm long and are found in capsules in the lung.  

Although they are hermaphroditic, it is necessary for worms to be present 



in the cyst for fertilisation to occur.  The disease is seen in the Far East, 

China, South Eat Asia and America.  

Life cycle  

Humans become infected by ingestion of insufficiently cooked crayfish 

or crabs containing metacecariae which excyst in the intestine, penetrate 

through the wall into the peritoneal cavity and make their way through 

the diaphragm and pleura into the lungs.   

The lung cysts in which the worms most commonly occur usually contain 

1 – 3 flukes. The eggs become freed into the bronchial tubes and pass out 

with sputum, but they may also appear in the faeces in large numbers, as 

a result of being swallowed.  

Sporocyst and 2 redia generations occur, giving rise to creeping cercariae. 

These penetrate a number of fresh-water crustaceans, in which they 

encyst invarious sites such as gills, muscles, heart and liver. Encysted 

metacercariae are not immediately infective but have to undergo further 

maturation.  

   

Mammalian hosts ingest the cysts, which are then ingested in the 

duodenum and the freed metacercariae penetrate through the intestinal 

wall into the body cavity to reach the pleural cavity in about 4 days and 

the lungs in about 14 – 20 days. In the lungs, a fibrous capsule is formed 

by the host, after about 6 weeks the worms mature and produce eggs, 

which characteristically appear in the sputum 

 

 

Morphology  

The adult worm is an ovoid, reddish brown fluke about 12 mm long.   

   

The eggs are ovoid, brownish yellow, thick shelled and operculated.  

They measure 80 – 100m by 45 - 65m and may be confused with the 

ova of Diphyllobothrium latum. (Fig. 11)  



 Clinical Disease  

As the parasites grow in the lung cyst, inflammatory reaction and fever 

occurs.  The cyst ruptures and a cough develops resulting in an increase 

in sputum.  The sputum is frequently blood tinged and may contain 

numerous dark brown eggs and Charcot-Leyden crystals.  Haemoptisis 

may occur after paroxysms of coughing.  Dyspnoea and bronchitis 

develop with time.  Bronchiectasis may occur and pleural effusion is 

sometimes seen.  The disease resembles pulmonary tuberculosis.  

Cerebral calcification may also occur.   

 Laboratory Diagnosis  

Diagnosis is based on finding the characteristic eggs in brown sputum.  

The eggs can also be found in the faeces due to swallowing sputum.  A 

chest x-ray may show cystic shadows and calcification.  Serological tests, 

in particular, the ELISA method, are useful diagnostic tests.  

   

Treatment : Praziquantel is safe, although it may not be effective against 

Fasciola hepatica (Fh). Praziquantel administration is recommended only 

if bithionol or triclabendazole is unavailable.  

Medications previously used but no longer recommended because of 

toxicity or unproven efficacy include emetine, dehydroemetine, 

chloroquine, albendazole, and mebendazole.  

Fascioliasis complicated by ascending cholangitis requires treatment with 

appropriate antibacterial antibiotics. 

 

 

Schistosomiasis 

 

The Schistosomes are blood trematodes belonging to the Phylum 

Platyhelmintha. They differ from other trematodes in that they have 

separate sexes. The male worms resemble a rolled leaf where they bear 

the longer and more slender female in a ventral canal (the gynaecophoric 

canal). They require definitive and intermediate hosts to complete their 

life cycle. There are five species of Schistosomes responsible for human 



disease; S. mansoni, S. haematobium and S. japonicum with S. mekongi 

and S. intercalatum being less common.  

They are the only trematodes that live in the blood stream of warm-

blooded hosts. The blood stream is rich in glucose, and amino acids, so 

along with the plasma and blood cells, it represents an environment which 

is suitable for egg producing trematodes.  

Over 200 million people are infected over at least 75 countries with 500 

million or more people exposed to infection. With the disease spreading 

due to improved water supplies being created therefore, forming 

potentially new habits for snails. The disease caused is called 

schistosomiasis or Bilharzia and is the most important of helminth 

diseases.  

Infection by the three most common species is the same in both sexes and 

in all age groups. Though, S. mansoni and S. haematobium is seen to 

occur more often and most heavily in teenagers especially males.  

Life Cycle  

Adult worms of S. mansoni live in the plexus of veins draining the rectum 

and colon, and in branches of the portal vein in the liver. Adults of S. 

japonicum live in the anterior mesenteric blood vessels and in the portal 

vein in the liver; while the adults of S. haematobium live in the vesical 

plexus draining the bladder.  

Once the eggs are laid by the adult female worms the majority of them 

first pass through the veins of the blood vessel in which the worm is 

living, and then into the lumen of the intestine and are passed in the feces 

(S. mansoni and S. japonicum), or into the lumen of the bladder, and are 

then passed in the urine (S. haematobium). Those eggs that reach fresh 

water hatch, releasing a miracidium which, to develop further must infect 

a snail of the correct species within 24 hours. The eggs of each species 

are markedly different but each produce virtually identical miracidium.  



 

Asexual multiplication takes place in the snail, and results in the release 

of cercariae (minute in size with forked tails, 200µm long) into the water 

about 3–6 weeks later. Cercariae actively swim around and when they 

have located, or come into contact with, a definitive host they actively 

penetrate the skin. They can stay active looking for a host for 24–48 

hours after which if they don’t find a host they will die. The head of the 

cercariae migrates to the liver and develops into either adult male or 

female worms (flukes), here they pair up and then migrate to their region 

of the venous blood system (species specific sites). The females leave the 

males and moves to smaller venules closer to the lumen of the intestine or 

bladder to lay her eggs (about six weeks after infection). The majority of 

adult worms live from 2–4 years, but some can live considerably longer.  

 

 

 

 

  



SScchhiissttoossoommaa  mmaannssoonnii   

 

S. mansoni occurs in West and Central Africa, Egypt, Malagasy, the 

Arabian Peninsula, Brazil, Surinam, Venezuela and the West Indies.  The 

intermediate host is an aquatic snail of the genus Biomphalaria. Man is 

the most common definitive host, occasionally baboons and rats are 

infected.  

The adult worms live in smaller branches of the inferior mesenteric vein 

in the lower colon.  

Morphology  

The adult males measure up to 15 millimeters in length and females up to 

10µm.  The schistosomes remain in copula throughout their life span, the 

uxorious male surrounding the female with his gynaecophoric canal.  The 

male is actually flat but the sides roll up forming the groove. The cuticle 

of the male is covered with minute papillae. The female only posses these 

at the anterior and posterior end as the middle section being covered by 

the male body. Oral and ventral suckers are present, with the ventral one 

being lager serving to hold the worms in place, preventing them being 

carried away by the circulatory current.  

 

The ova of S. mansoni are 114-175µm long by 45-68µm wide.  They are 

light yellowish brown, elongate and possess a lateral spine.  The shell is 

acid fast when stained with modified Ziehl-Neelsen Stain.  

A non-viable egg is dark colored and shows no internal structural detail 

or flame cell movement.  Eggs can become calcified after treatment and 

are usually smaller, appear black and often distorted with a less distinct 

spine.  



     

Image 6-7. Micrograph of a S. mansoni ova, clearly showing its 

lateral spine which is a good distinguishing factor when identifying 

Schistosome ova. They range in size between 114-

45-   PHIL 4841 – CDC) 

   

The schistosomes differ from other trematodes in that they are dioecious, 

digenetic, their eggs are not operculate and infection is acquired by 

penetration of cercaria through the skin.  

Clinical Disease  

The clinical disease is related to the stage of infection, previous host 

exposure, worm burden and host response.  Cercarial dermatitis 

(swimmers itch) follows skin penetration and results in a maculopapular 

rash which may last 36 hours or more.  

After mating, the mature flukes migrate to the venules draining the large 

intestine.  Their eggs are laid and they penetrate the intestinal wall.  They 

are then excreted in the feces, often accompanied by blood and mucus.   

It is the eggs and not the adult worms, which are responsible for the 

pathology associated with S. mansoni infections. The adult flukes acquire 

host antigen which protects them from the host's immune response.  

The host's reaction to the eggs which are lodged in the intestinal mucosa, 

leads to the formation of granulomata and ulceration of the intestinal 

wall.  Some of the eggs reach the liver via the portal vein. The 

granulomatous response to these eggs can result in the enlargement of the 

liver with fibrosis, ultimately leading to portal hypertension and ascites. 

The spleen may also become enlarged.  Other complications may arise as 

a result of deposition of the eggs in other organs e.g. lungs.  



Katayama fever is associated with heavy primary infection and egg 

production.  Clinical features include high fever, hepatosplenomegaly, 

lymphadenopathy, eosinohilia and dysentery.  This syndrome occurs a 

few weeks after primary infection.  

Laboratory Diagnosis  

Microscopy  

Laboratory confirmation of S. mansoni infection can be made by finding 

the eggs in the feces after an iodine stained, formol-ether concentration 

method.  When eggs cannot be found in the feces, a rectal biopsy can be 

examined.  

Serology  

Serological tests are of value in the diagnosis of schistosomiasis when 

eggs cannot be found.  An enzyme linked immunosorbent assay (ELISA) 

using soluble egg antigen, is employed at HTD. 

 

SScchhiissttoossoommaa  jjaappoonniiccuumm   

Introduction  

Schistosoma japonicum is found in China, Japan, the Philippines, and 

Indonesia. It causes disease of the bowel with the eggs being passed out 

in the feces. 

It differs form S. mansoni and S. haematobium in that it is a zoonosis in 

which a large number of mammals serve as reservoir hosts; cats, dogs and 

cattle playing major roles in the transmission of the disease. 

The life cycle is not very different from that of S. mansoni, the 

intermediate hosts are from the subspecies Oncomelania hupensis. Sexual 

maturity is reached in about four weeks and eggs may be seen in the feces 

as quickly as five weeks. 

The worms live coupled together in the superior, mesenteric veins and 

deposit 1500–3500 eggs per day in the vessels of the intestinal wall. The 

eggs infiltrate through the tissues and are passed in the feces. 

Morphology  



The adult worms are longer and narrower than the S. mansoni worms. 

The ova are about 55-85 -

spine or knob.  

Clinical Disease  

The main lesions are again due to the eggs, occurring in the intestine and 

liver. The eggs which are sequesters in the intestine mucosa or 

submucosa initiate granulomatous reactions, resulting in the formation of 

pseudotubercles.  

   

Image 6-8. Unstained micrograph of a S. japonicum ova. They are 

oval in shape with a minute lateral spine or knob. (SOURCE:  

PHIL 649 – CDC/Dr. Moore) 

Due to the number of eggs released by the females the infection is more 

severe than one with S. mansoni. This is also due to the parasite being 

less well adapted to man, therefore, the circumoval granuloma is very 

large. The initial illness can be prolonged and sometimes fatal.  

Laboratory Diagnosis  

Microscopy  

Laboratory confirmation of S. japonicum infection can be made by 

finding the eggs in the feces after an iodine stained, formol-ether 

concentration method.  When eggs cannot be found in the feces, a rectal 

biopsy can be examined.  

  

 



SScchhiissttoossoommaa  hhaaeemmaattoobbiiuumm   

Introduction  

Schistosoma haematobium is different from the other two species 

previously mentioned in that it causes urinary schistosomiasis. It occurs 

in Africa, India and the Middle East.  The intermediate host is the Bulinus 

snail.  

Just like S. mansoni, its distribution runs parallel to the irrigation projects 

and in areas which favor the intermediate hosts. They are exclusively 

parasites of man. 

The mature worms live in copula mainly in the inferior mesenteric veins 

and the females deposit their eggs in the walls of the bladder and finally 

making their way into the urine. The life cycle is very similar to that of S. 

mansoni, with sexual maturity being reached within 4–5 weeks, but eggs 

may not appear in the urine until 10–12 weeks or even later. 

Morphology  

The adult worms are longer than those of S. mansoni. The ova are 

relatively large, measuring 110- -   

They have an elongated ellipsoid shape with a prominent terminal spine.  

 

Image 6-9. Schistosoma haematobium eggs are elongated with a 

prominent terminal spine.  The larva inside the egg produces an 

enzyme that passes through the egg-shell. (SOURCE:  PHIL 4843 

– CDC) 

Clinical Disease  

The clinical disease is related to the stage of infection, previous host 

exposure, worm burden and host response.  Cercarial dermatitis 



(Swimmer’s Itch) following skin penetration, results in a maculopapular 

rash and can last 36 hours or more.  The mature flukes of S. haematobium 

migrate to the veins surrounding the bladder.  After mating, the eggs are 

laid in the venules of the bladder and many penetrate through the mucosa, 

enter the lumen of the bladder and are excreted in the urine accompanied 

by blood.  Thus hematuria and proteinuria are characteristic, though not 

invariable features of urinary schistosomiasis. 

As with all Schistosoma species, it is the eggs and not the adult worms 

which are responsible for the pathology associated with S. haematobium.  

In chronic disease, eggs become trapped in the bladder wall resulting in 

the formation of granulomata.  Following prolonged infection, the ureters 

may become obstructed and the bladder becomes thickened resulting in 

abnormal bladder function, urinary infection and kidney damage.  

Chronic urinary schistosomiasis is associated with squamous cell bladder 

cancer.  Heavy infections in males may involve the penis resulting in 

scrotal lymphatics being blocked by the eggs. 

 

Laboratory Diagnosis  

The definitive diagnosis of urinary schistosomiasis is made by finding the 

characteristic ova of S. haematobium in urine.  Terminal urine should be 

collected as the terminal drops contain a large proportion of the eggs.  

The urine can either be centrifuged and the deposit examined 

microscopically for ova.  Eggs can sometimes be found in seminal fluid 

in males. 

A bladder biopsy is seldom necessary to make the diagnosis.  A rectal 

snip may show the presence of ova as they sometimes pass into the rectal 

mucosa. 

Serological tests can be of value when eggs cannot be found in clinical 

samples.  An enzyme linked immunosorbent assay using soluble egg 

antigen to detect antischistosome antibody is most sensitive. 

There is a marked periodicity associated with the time when most eggs 

are passed out. Higher numbers of eggs are encountered in urine 

specimens passed between 1000 and 1400 hours, presumably as a result 

of changes in the host’s metabolic and physical activities.  

Treatment 



Schistosomiasis is treatable using a single dose of the drug praziquantel 

by mouth annually.
[22]

 

Another agent, mefloquine, which has previously been used to treat 

malaria, was recognised in 2008–2009 to be effective against 

schistosoma.
[24]

 Mefloquine may be used in combination with 

praziquantel or artemisinins. Its mechanism of action is not known but it 

causes extensive and severe morphological, histopathological, and 

ultrastructural damage to adult and juvenile schistosomes, particularly, 

the worm tegument, musculature, gut, and vitelline glands of female 

worms. 

 

 

Cestodes 

Cestodes or tapeworms are the most specialised of the Platyhelminthe parasites. All 

cestodes have at least one, and sometimes more than one, secondary or intermediate 

host as well as their primary host. While the intermediate hosts are often invertebrates 

of some sort, the primary host is normally a vertebrate. Having said this, in some 

cases both hosts are vertebrates, as in the common Beef Tapeworm Taenia saginatus, 

and in a few species their may be only a single host. A number of tapeworms include 

mankind in their life cycles but infection is not normally a serious health problem and 

can be cured.  

Cestodes that infect the human  include:  

 Taenia solium (pork tapeworm)  

 Taenia saginata (beef tapeworm)  

 Diphyllobothrium latum (fish or broad tapeworm)  

 Hymenolepis nana and Hymenolepis diminuta (dwarf tapeworm and rat 

tapeworm respectively)  

 Echinococcus granulosus and Echinococcus multilocularis (cause hydatid 

diseaseeworm. 

Taenia saginata, The Beef Tapeworm 

Structure 

Adults are ribbonlike, flattened, segmented, hermaphroditic flatworms 5 to 10 m long, 

consisting of scolex, neck, and immature, mature, and ripe segments in linear 

sequence. The distinctive morphologic and physiologic properties of the adult 

tapeworm reflect on the one hand their remarkable specialization for survival in the 

vertebrate intestine, and on the other hand their massive reproductive powers which 

are made possible by the multiple sexual units, the proglottides or segments. This 

ensures the worm species against the enormous rate of loss of the segments or eggs 

http://en.wikipedia.org/wiki/Praziquantel
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passed in the feces, with only the most remote probability of any one egg succeeding 

in reaching an intermediate host and being transferred to another human. The terminal 

one-third to one-half of the worm's length consists of gravid (egg-filled) segments. 

These segments are muscular and can crawl caterpillar-fashion through the anal 

sphincter to the outside environment—which renders them available to their herbivore 

intermediate hosts. 

The larval cyst of T saginata—the cysticercus—is a pea-sized, fluid-filled cyst, which 

develops in the muscles of the intermediate host. Within the cyst is a single inverted 

scolex, formed from a germinative portion of the inner cyst wall  

Larval types found in the taeniid tapeworms. . (From Muller R: Worms and Disease: 

A manual of Medical Helminthology. William Heinemann Medical Books, London, 

1975, with permission.)  

Multiplication and Life Cycle 

Gravid segments break off from the worm and are carried in the fecal bolus or by their 

own crawling activity to the soil. The segments move away from the bolus and adhere 

to grass. If ingested by a bovine intermediate host, the segments are digested open in 

the gut, each releasing 50,000 to 100,000 eggs. The eggs hatch, each releasing a six-

hooked larva, the oncosphere (also called the hexacanth), which penetrates the gut 

wall and reaches the muscles via the circulation. There the oncosphere fills with fluid 

and develops into the 8-mm cysticercus. If a human eats raw or undercooked infected 

beef, the cysticercus is digested free and inverts the scolex, which attaches to the wall 

of the small intestine and begins to bud off the long chain of segments. In about 3 

months the worm reaches 4-5 m in length and gravid segments begin to pass through 

the anus. The worm is long-lived, surviving 5 to 20 years or more.  

Life cycles of Taenia solium and T saginata. . (a) The port (pig) tapeworm (outer 

developmental cycle); (b) the beef (cattle) tapeworm (inner developmental cycle). A. 

Final host: humans only. Tapeworm in the small intestine 

Pathogenesis 

Rare intestinal blockage or penetration have been reported, but pathology is usually 

inconsequential—although the psychological distress at passing motile segments may 

be extreme. 

Host Defenses 

Because of its limited contact with the epithelial lining, the gut-dwelling adult 

tapeworm induces little host inflammatory, allergic, cell-mediated, or humoral 

response. The sucking action of the scolex appears to have relatively limited 

immunogenic effect. The long life span of the worm suggests the absence of an 

effective inhibitory mechanism. 

Epidemiology 



Taenia saginata, the commonest large tapeworm of humans, is transmitted as 

cysticerci in beef (―measly beef‖). Partially cooked, smoked, or pickled beef can be 

infective, although raw beef (steak tartare) is the commonest bearer of infection, as 

witnessed by the frequency of taeniasis in countries such as Ethiopia and Argentina 

where raw or undercooked beef is often eaten. 

Large worms may grow by 15 to 30 cm a day in the human gut, passing 10 segments 

daily, which may convey up to a million eggs a day into the environment throughout 

the long life span of the worm. Eggs may also be found in pastures flooded by human 

sewage or on which human sewage is used as fertilizer. 

Clinical Manifestations 

The clinical manifestations of infection with adult T saginata tapeworms are confined 

to occasional nausea or vomiting, appetite loss, epigastric or umbilical pain, and 

weight loss. Moderate eosinophilia may develop. A disturbing manifestation of T 

saginata infection is the active crawling of the muscular segments out of the anus. 

Rarely, intestinal perforation may occur from the scolex of Taenia, or proglottides 

may be vomited and then aspirated. 

 

Diagnosis 

Adult infections can be diagnosed by identifying segments in the feces. The species of 

Taenia can be identified only by the segments, because their eggs are identical. The 

uterus of Tsaginata usually forms 12 to 20 branches on each side of the main uterine 

stem, whereas there are 7 to 10 branches in the smaller and relatively wider T solium 

segment . 

Control 

Inspection of beef for cysticerci is the best preventive measure. Beef must be 

thoroughly cooked in endemic areas—to at least 56°C throughout the meat, which 

may be difficult to accomplish with large cuts of fatty meat, particularly pork. 

Freezing at 10°C for 10 days usually is lethal to Taenia cysticerci, but they can 

withstand 70 days at 0°C. 

Treatment is readily available for the intestinal adult worms. Niclosamide, is a 

nonabsorbed oxidative phosphorylation inhibitor that kills the scolex and anterior 

segments on contact, after which the worm is expelled. Praziquantel, a synthetic 

isoquinoline-pyrazine derivative, is an equally effective and relatively nontoxic 

cesticidal compound. Since the scolex is usually but not always destroyed, and a new 

worm can regenerate if the scolex and a minute portion of the neck survive, the 

patient should be observed for several months, as egg-bearing segments can reappear 

in 10-12 weeks. 



Taenia solium, The Pork Tapeworm 

Structure 

The scolex of T solium differs from that of T saginata in possessing an anterior circle 

of sharply spined hooks arranged in a double row. These are under muscular control 

and work with the four suckers to adhere to the gut wall. As described above, gravid 

segments of Tsolium can be distinguished from those of T saginata by the number of 

outpocketing branches of the uterus. The adult worm is usually 3 to 5 m long. Gravid 

segments tend to be less muscular and more square than those of T saginata. 

Multiplication and Life Cycle 

The life cycle of T solium is similar to that of T saginata except that the pig is the 

principal intermediate host. Because the gravid segments are less motile than those of 

T saginata, they are usually eliminated in the fecal matter and remain in the fecal 

bolus (which increases the chance of infecting pigs, which are coprophagous). 

Of great clinical importance is the fact that humans who ingest eggs from human 

feces, as distinct from cysticerci in undercooked pork, may develop the larval 

infection just as pigs do, resulting in the serious disease cysticercosis. 

Pathogenesis 

The hooked scolex of T solium may cause greater intestinal disturbance, pain, and 

inflammatory response than that caused by T saginata, but symptoms are still 

generally mild and the pathology minor. However, T solium larval infection 

(cysticercosis) is a potentially dangerous systemic infection, the degree of damage 

depending on the site and number of cysticerci that develop. Infection most 

commonly occurs in the central nervous system (CNS). It is also frequently found in 

muscles and subcutaneous tissues. The globe of the eye is also a common site. In the 

CNS, the larvae most often occupy the brain hemispheres. They may also be found in 

the cisternae and ventricles. Hydrocephalus may result from obstruction of 

cerebrospinal fluid flow. Infection in specific sites can induce epilepsy, mental 

disturbances, or a meningeal syndrome. Nevertheless, up to one-half of CNS 

infections are thought to be asymptomatic. After death of the scolex within the cyst—

often years after infection—the capsule becomes fibrosed or calcified. 

Host Defenses 

Owing to the systemic migration and tissue localization of the cysticerci, cysticercosis 

elicits considerable host sensitization. This response is usually insufficient to block 

the initial infection but probably renders the normal host immune to a subsequent one. 

Much of the damage from cysticercosis is caused by the severe inflammatory host 

response that occurs after the death and disruption of the parasite . 

Epidemiology 



A remarkable and tragic aspect of T solium infection is the ability of this worm to 

develop both adult and larval stages in humans. If T solium eggs are ingested (from 

fecally contaminated water or by anus-to-mouth transfer of infective eggs), they may 

hatch in the gut and spread systemically, causing human cysticercosis. It appears 

likely (although it is unproven) that human cysticercosis may also be caused when 

reverse peristalsis, induced by adult T solium in the gut, returns gravid segments into 

the duodenum, where the eggs hatch and release invasive oncospheres. Cysticerci 

develop to potency in about 3 months and may live many years. Cysticerci that die 

may become calcified, rendering them demonstrable by radiography. 

Human cysticercosis is a serious and widespread disease, being especially common in 

Latin America. The disease is frequently found among Mexican agricultural workers 

in California and other Western states. Human cysticercosis apparently cannot 

develop from eggs of T saginata. 

Clinical Manifestations 

The clinical effects of adult T solium infection are similar to those caused by T 

saginata. 

 

Diagnosis 

Diagnosis of adult worm infection is similar to that for T saginata. Cysticercosis is 

difficult to diagnose and usually requires radiologic, serologic, and clinical 

assessment. Subcutaneous nodules can usually be felt or observed, and can be 

sampled by biopsy. The enzyme-linked immunosorbent assay (ELISA) is useful, 

especially with the purified antigens that are now available. Plain radiographs of soft 

tissues may demonstrate the oval or elongated cysts (4-10 mm × 2-5 mm) if they are 

wholly or partially calcified. Cysts in muscles are usually aligned with the fibers. Soft 

tissue or brain calcifications are strongly indicative of cysticercosis. Plain skull films 

may show cerebral calcifications or indicate intracranial hypertension. Computed 

tomography is the most useful procedure, as it detects calcified and noncalcified cysts 

as well as edema or intracranial hypertension. 

Control 

The control of infection of humans as definitive hosts is the same as that for T 

saginata, except that the control measures apply to pork not beef. In addition, human 

sewage from infected individuals may contaminate the source of drinking water. The 

eggs are highly resistant and can withstand many months of environmental exposure 

over a broad temperature range. Treatment for adult T solium is the same as for T 

saginata. 

Cysticercosis may require surgery for ophthalmic or brain involvement, but 

chemotherapy should precede surgery when possible. Tissue infection can be treated 

with albendazol (taken with a fatty meal to increase absorption or praziquantel 



(combined with corticosteroids to reduce the inflammatory response to the dead 

cysticerci). Praziquantel should not be used for ocular or spinal cord infections 

Echinococcus granulosus, The Hydatid Tapeworm 

Clinical Manifestations 

Echinococcosis (hydatid disease) results from the presence of one or more massive 

cysts, or hydatids, which can develop in any tissue site, including the liver, lungs, 

heart, brain, kidneys, and long bones. The clinical manifestations of this infection 

therefore vary greatly, depending on the site and size of the cyst, but resemble those 

of a slow-growing tumor that causes gradually increasing pressure. Infections in the 

liver, lungs, or subcutaneous tissue sites may be asymptomatic for many years, but 

pressure effects eventually develop. In sensitive or vital areas, hydatids produce a 

panoply of symptoms, chiefly owing to mechanical compression or blocking effects 

but also include collapse of infected long bones, blindness, and epileptiform seizures. 

The rupture of a hydatid cyst may induce sudden anaphylactic shock in a previously 

asymptomatic individual. 

Structure 

Adult E granulosus tapeworms are relatively minute, consisting of 3 to 5 segments, 

and usually are less than 1 cm long. Dogs and wild canids are the only final hosts in 

which the adults are found, often adhering in great numbers to the small intestinal 

mucosa. The scolex has four suckers and is crowned with a circle of spines as in T 

solium. It is followed by a germinative neck region, one developing segment, and 

usually one gravid segment containing several hundred eggs. 

The hydatid larva is found in sheep, in many other herbivores—and in humans. In 

humans the cyst is slow-growing, but in a period of years may reach a diameter of 30 

cm with a 1 mm thick, laminated sheath surrounded by fibrous reactive host tissue. 

The cyst is usually fluid-filled and, if viable, has a germinative inner lining from 

which many thousands of scoleces are budded off into the lumen or remain attached 

to the germinative wall . The floating scoleces often enlarge, become vesicular, and 

develop into daughter floating colonies within the parent cyst. These in turn may bud 

off a third generation of cysts within themselves. The result is an enclosed sac 

containing myriads of future adult worms ready to infect a dog or other susceptible 

carnivore that feeds on the hydatid-infected animal and the scolex-filled cyst fluid. 

Multiplication and Life Cycle 

Echinococcus granulosus causes a zoonosis; the adult is a parasite of canids. The dog-

sheep cycle) is the one most germane to humans Other animal cycles, such as dog-

camel, dog-horse, wolf-moose, wolf- or coyote-deer, also occur, each with a degree of 

specific host-parasite adaptation, as well as a distinct geographic range. Eggs passed 

by the dog can be ingested by sheep or other herbivores, or by humans who have 

close contact with feces-contaminated dog fur. Within the sheep or human 

intermediate host, the eggs hatch, the oncospheres penetrate the gut, migrate, and 

ultimately one or several may form the enormous hydatid cysts. Because the scoleces 



in the hydatid fluid resemble sand grains, they are called hydatid sand. If a cyst bursts 

within the human body, it can give rise to dozens of new cysts—limited, in most 

cases, by a strong cellular immune response of the host.  

Life cycles of Echinococcus granulosus and E multiocularis. A. Final host: dog (and 

other canids) 1.a. Echinococcus granulosus (beside it, the worm is reproduced 

approximately half its natural size) 

Pathogenesis 

Jaundice and portal hypertension can result from pressure effects of a cyst in the liver; 

hemoptysis and dyspnea from a lung cyst; and acute inflammatory effects may follow 

brain or spinal cord infections. 

Host Defenses 

The migrating and growing larvae, and antigens that leak from the cyst, induce a 

strong immune response—but rarely one capable of penetrating and destroying the 

cyst. Ruptured cysts may cause anaphylaxis and the appearance of new cysts in other 

sites, suggesting an active but ineffectual immune response. 

Epidemiology 

Echinococcus granulosus is most common in temperate sheep-raising areas: southern 

South America, the southern and middle east, East Africa, and the western United 

States. The source of most human infections is sheepdog feces containing E 

granulosus eggs (which often adhere to the fur of dogs petted by humans). Killed 

sheep fed to dogs maintain the infection; sheep ingest eggs with dog feces in their 

grazing. Other species of Echinococcus are also found in Africa, South America, and 

elsewhere, sustained by similar canid-prey relationships. 

Diagnosis 

Symptoms of a tumorlike, slowly growing mass with eosinophilia are strongly 

suggestive, especially in an endemic sheep-raising area. Isolated hooks in the sputum 

suggest rupture of a lung cyst. The serologic tests that are currently most useful are 

indirect hemagglutination, latex agglutination, and ELISA. However, both false 

positives and false negatives are frequent and may have dangerous repercussions (see 

Morris and Richard, 1992; Schantz et al., 1990). Ultrasound imaging (US), magnetic 

resonance (MR), and computed axial tomography (CT) have greatly improved the 

diagnosis of deep-seated lesions and also can demonstrate avascular fluid-filled cysts. 

Radiographs are less precise or useful, although they demonstrate the hollow cyst 

areas. 

Control 

Effective control is chiefly epidemiologic: denying sheep dogs access to carcasses of 

infected sheep, obligatory testing and treatment of all sheep dogs, prevention of 



contact of children with possibly infected sheep dogs, and widespread education on 

the danger and method of spread of hydatid disease. 

Treatment is chiefly by surgical resection (with extreme care to avoid or 

decontaminate spillage). Recent work suggests that a long course of albendazole may 

kill the scoleces within the cyst and even reduce the size of the cyst. Long, continued 

use of mebendazole has also proved effective, although the results are variable. A 

recent approach involves percutaneous puncture under sonographic guidance, 

aspiration of cyst fluid, instillation of a protoscolecidal agent such as 95% methanol 

or cetrimide, and respiration (PAIR), along with albendazole treatment to reduce the 

danger of subsequently renewed disease from spillage (see Giorgio et al., 1992). 

Echinococcus multilocularis, The Multiloculate or Alveolar 
Hydatid Tapeworm 

Echinococcus multilocularis, which normally follows a fox-rodent cycle in northern 

Siberia and North America, is occasionally conveyed to human fur trappers via fox 

pelts. In humans it causes a frequently fatal form of echinococcosis. The appearance 

and life cycle of this cestode closely resemble those of E granulosus, except for the 

restricted range and small number of hosts. The cyst, however, is extremely 

dangerous as it lacks the laminated membrane that confines the cyst of E granulosus, 

and develops an invasive, uncontrolled series of connected chambers (hence the 

designation ―multiloculate‖ and the alternative name alveolar hydatid). It therefore 

resembles a malignant growth, capable of budding off to cause metastatic spread. The 

primary cyst usually forms in the liver. The disease is usually diagnosed late, when it 

is inoperable, and ends fatally. Early radiologic imaging by US, CT, or MR is 

essential. Serological tests, particularly with purified E multilocularis antigens, are 

sensitive and highly specific. Treatment with mebendazole, albendazole, or 

praziquantel, and surgery should follow. 

Hymenolepis nana, The Dwarf Tapeworm 

Clinical Manifestations 

Hymenolepis nana infections are often asymptomatic, especially in light cases. Heavy 

infections can induce enteritis with nausea and vomiting, diarrhea, abdominal pain, 

and dizziness. Massive infection with several thousand worms may follow 

autoreinfection. 

Structure 

These small worms, 15 to 50 mm long, have minute segments that are wider than 

long, a foursucker scolex with a retractable spined anterior rostellum, and terminal 

gravid segments that break up and release their egg load after they are caught up in 

the fecal bolus. 

The larval form is a cysticercoid, a tailed structure that has a withdrawn scolex and 

lacks a fluid filled bladder. Typically, Hymenolepis larvae are found in insect or 

crustacean intermediate hosts—with the sole and remarkable exception of H nana, 



whose cysticercoid larvae can develop either in an insect or in the small intestinal villi 

of its human (or rodent) final host. 

Multiplication and Life Cycle 

The life cycle of this parasite is shown in Figure 89-4. Infection is acquired most 

commonly from eggs in the feces of another infected individual, which are transferred 

in food, by contaminated fingers, or in sewage-contaminated drinking water.  

 

Life cycle of Hymenolepis nana. A. Final host: humans (also dog, rodents) 1. 

Hymenolepis nana, sexually mature worm, about 1/2 natural size 

The ingested eggs hatch in the duodenum, and the oncospheres penetrate only into the 

villi ,There, each oncosphere forms a cysticercoid larva that emerges, 4 to 5 days 

later, into the gut lumen as a young scolex and neck; the scolex attaches to the 

mucosa, the neck proceeds to strobilate, and the worm reaches full size in 5 to 10 

days. The adult worm sheds gravid terminal segments, which disintegrate in the 

intestine, releasing eggs that are passed in the feces. When these eggs are ingested by 

another (nonimmune) human, this direct or one-host life cycle begins again. Worms 

live only a short time, perhaps 4 to 6 weeks. Rodents also can harbor these worms and 

may serve as reservoir hosts, infecting humans via their pellets.  

 

Diagrammatic section of an adult and larval H nana in the gut of a mouse. . In heavy 

infections in this host, much of the mucosal lining is abraded. (From Muller R: 

Worms and Disease: A Manual of Medical Helminthology. William Heinemann 

Medical Books, (more...) 

Remarkably, an indirect, two-host cycle may also occur, involving grain beetles, fleas, 

or other insects that feed on contaminated rodent droppings. Insects that ingest the H 

nana eggs can serve as hosts for the cysticercoid larvae. Humans who accidentally 

ingest infected grain beetles (some of which, such as Tribolium, are only 2 to 3 mm 

long) digest the cysticercoid free; digestive enzymes then act on the cysticercoid to 

release the scolex, which attaches and develops by this indirect cycle into an adult 

worm identical to that acquired by the direct life cycle. 

A third mode of infection is by internal infection or autoreinfection. Eggs from worms 

acquired in an initial infection—probably via the indirect, insect cycle, which is 

nonimmunizing (see Host Defenses, below)—can hatch, invade the villi, and produce 

a second generation of worms. Since many eggs can be involved, this pathway can 

lead to massive infection with several thousand worms. 

Pathogenesis 

Little or no pathology occurs from development of cysticercoids in the villi, and only 

after a heavy infection (perhaps produced by autoreinfection) do symptoms develop 

http://www.ncbi.nlm.nih.gov/books/NBK8399/figure/A4704/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK8399/figure/A4705/?report=objectonly


from the adult worms. Children may be particularly subject to massive worm loads 

and show the most severe intestinal symptoms. 

Host Defenses 

The tissue phase of the direct cycle of H nana infection (Figs. 89-4 and 89-5) initiates 

a profound cellular and humoral response, rendering most hosts immune to 

subsequent infection (as demonstrated experimentally in rodents). In contrast, the 

indirect cycle through infected insects does not involve mucosal embryogenesis in 

humans and induces little or no immunity, even permitting occasional massive 

internal reinfection to occur. The immune response is seldom effective against the 

initial infection because the tissues have already been invaded and a protective cyst 

formed by the time the response develops. 

Epidemiology 

Hymenolepis nana is probably the commonest human cestode, owing to its wide 

distribution, particularly in crowded areas, such as India and China. The direct 

infectiousness of the eggs frees the parasite from its former dependence upon an 

insect intermediate host, making rapid infection and person-to-person spread possible. 

The short life span and rapid course of development also facilitate the spread and 

ready availability of this worm. Congested areas, day-care centers, and crowded 

institutions such as prisons frequently have high levels of infection with H nana, 

despite its strong immunizing capacity and short life span. 

Diagnosis 

H nana infections can be diagnosed accurately and rapidly by inspecting the stool for 

eggs. 

Control 

Preventing fecal contamination of food and water in institutions and crowded areas is 

of primary importance. General sanitation and rodent and insect control (especially 

control of fleas and grain insects) are also essential for prevention of H nana 

infection. Treatment with praziquantel or niclosamide is usually effective, and can be 

repeated if necessary. 

Go to: 

Hymenolepis diminuta, The Rat Tapeworm 

The rat tapeworm, which is larger than H nana (up to 40 cm long), has a life cycle 

involving grain insects, similar to the indirect cycle of H nana. H diminuta rarely 

infects humans, but may do so if a human eats an insect carrying cysticercoids of this 

worm. The infection is most common in children, causes a mild diarrhea, is diagnosed 

by finding the characteristic eggs in the stool, and is readily treated with praziquantel. 

http://www.ncbi.nlm.nih.gov/books/NBK8399/figure/A4704/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK8399/figure/A4705/?report=objectonly
http://www.ncbi.nlm.nih.gov/books/NBK8399/##


Diphyllobothrium latum, The Broad Fish Tapeworm 

Clinical Manifestations 

Infection with Diphyllobothrium latum is usually asymptomatic, although occasional 

diarrhea, abdominal pain, fatigue, vomiting, dizziness, or numbness of fingers and 

toes may be present. Eosinophilia develops during the early stages of worm growth. 

Structure 

Diphyllobothrium latum is the largest parasite of humans, reaching lengths up to 10 m 

and consisting of a chain of 3,000 to 4,000 segments, each up to 2 cm wide. The adult 

worm, a member of the order Pseudophyllidea, is characterized by a scolex with a pair 

of linear sucking grooves instead of suckers and hooks, and by having a rosette-

shaped uterus connected to the outside by a uterine pore through which the eggs are 

passed. Hence, mature segments produce eggs until they die and are shed, rather than 

by breaking off as intact egg-filled segments, as in Taenia. Up to a million eggs can 

be produced daily. The developmental stages are (1) the ciliated, swimming 

coracidium that hatches from the egg, (2) the procercoid that develops in the copepod 

primary host, and (3) the plerocercoid (or sparganum), a nonencysted, nonsegmented 

larval worm, 20 mm or more in length, found in the fish secondary hosts. The 

plerocercoid develops into the adult tapeworm in the small intestine of a fish-eating 

final host, such as human, cat, dog, or bear. 

Multiplication and Life Cycle 

Diphyllobothrium latum is the only adult cestode of humans that has an aquatic life 

cycle. Eggs are passed in feces of an infected human (or bear, dog, cat, wolf, raccoon, 

or other freshwater fish-eating reservoir host). If passed into lake or pond water, the 

eggs develop in 2 or more weeks (varying with the temperature) and hatch, releasing 

the spherical ciliated coracidium that contains the oncosphere. When ingested by an 

appropriate water flea (copepods such as Cyclops or Diaptomus), the coracidium 

sheds the ciliated coat, penetrates into the hemocoel, and changes in 2 to 3 weeks into 

the 0.5 mm, tailed second-stage embryo, the procercoid. If the infected copepod is 

then ingested by a minnow or other fish, the procercoid penetrates the fish gut in a 

few hours and later develops into a third-stage larva, the plerocercoid or sparganum. 

Usually, these small infected fish are eaten by larger ones; in each new fish host, the 

plerocercoid penetrates into the fascia or muscles. Eventually, a large game fish, such 

as a perch or pike, is infected; after being eaten by a human, the fish releases its 

tapeworm passenger, which attaches and begins adult life. In a few months, the worm 

is 5 to 10 m long.  

Pathogenesis 

Infection with this tapeworm usually produces no pathology, although the minor 

symptoms noted above are occasionally present. Megaloblastic anemia (pernicious) 

(―tapeworm anemia‖), which is exacerbated by the worm's uptake of vitamin B12, is 

now seldom seen, as a result of improved diet, prenatal care, and ready treatment. 

This condition was formerly most common in Finland. 



Host Defenses 

Little or no protective immunity develops, owing to the lack of an intimate tissue 

phase in the human host. Reinfection is common. 

Epidemiology 

Infection with the broad fish tapeworm is common in temperate and subarctic regions, 

wherever freshwater fish are eaten raw—as in Scandinavia, Siberia, the Great Lakes, 

Japan, central Europe, and Chile. 

Diagnosis 

The ovoid, operculated eggs passed in abundance in the human stool are diagnostic. 

Occasionally, strands of exhausted segments with the characteristic rosette-shaped 

uteri are also passed. 

Control 

Plerocercoids in fish are quickly killed by thorough cooking, freezing at -10°C for 15 

minutes, or thorough pickling. Treatment of sewage before it enters lakes greatly 

reduces the prevalence of infection, as has been demonstrated in Finland. Treatment 

with praziquantel or niclosamide is effective and nontoxic. 

 

 


