Helminthiasis

1 Worms, Summary XE "Helminthiasis: summary" 
· Roundworms or nematodes: separate sexes


a. Adult intestinal nematodes
· Sometimes lung passage of larvae, adults in intestine.

· Transmission faeco-oral or transcutaneous


b. Larval tissue nematodes: various species.

· Trichinella larvae in muscles and heart, transmission via meat.

· Toxocara larvae in various organs (visceral larva migrans)

*

· Tapeworms or cestodes: hermaphrodite adults in the intestine or larvae in the tissues

· Transmission of Taenia faeco-oral or via meat with bladder worm disease

*

· Flukes or trematodes: most are hermaphrodite, except blood flukes

· In blood vessels, the intestine, biliary tract, lungs

· Transmission via food (zoonoses) or transcutaneous (schistosomes)

· First intermediate host is always a freshwater snail

2 Worms, General XE "Helminthiasis: general" 
Worms. What are worms? This is the general name for creatures from many different types of animal groups which were previously regarded as one group (“Vermes”). In older days, larvae of flies and beetles (maggots) were also designated as worms. Even legless reptiles were included. Nowadays when the term “worms” is used clinically, it has a more restricted meaning and indicates various helminths. Worms can be classified into several groups: 

· Segmented worms or Annelida. This group includes only animals with a segmented body. Annelida with a clitellum (a swelling close to the head of the animal, which contains the gonads) are classified as Clitellata. These are subdivided into Hirudinea (leeches) and Oligochaeta (e.g. earth worms). Oligochaeta have small bristles on the cuticula. Leeches do not transmit pathogens to humans. The remaining Annelida belong to the Polychaeta, animals without a clitellum. The group of Polychaeta is characterised by bodily appendages, or parapodia. These pseudopodia bear countless bristles (chaetae). The animals derive their name from it: Gr. polychaeta = many hairs. Examples are the sea mouse, tube worms, bristle worms, Christmas tree worms, fire worms. The intricate beauty of these animals has made them a favourite subject for marine photography. Several genera take their names from Greek gods (e.g. Nereis, Aphrodite). Fire worms may cause superficial skin lesions in divers. The remaining Annelida are of no medical significance.

· Pogonophora ("beard worms", "tube worms"). This Phylum is less well known. Although these animals may be of particular scientific interest (some live close to geysers on the ocean floor in a fascinating symbiosis with bacteria in their bodies), they are of no direct medical importance. See also Vestiminifera.

· Flatworms or Platyhelminthes. They include the ciliated worms (Turbellaria), the flukes (Trematoda) and the tapeworms (Cestoda). Turbellaria are flattened worms (5 to 600 mm long), e.g. Planaria. They move by means of hair-like cilia. They are found in the sea, on the beach, in freshwater, on land between plants and under stones. Some of these animals live in symbiosis with intracellular algae in their bodies. Others live in ectosymbiosis on various crustaceans. It is only a small step to parasitism. Although they are a fascinating group, they are of no further medical significance. Trematoda and Cestoda, on the other hand, are of considerable medical importance.

· Roundworms or Nematoda. These worms are unsegmented, cylindrical and encased in a tough cuticula. This skin prevents further growth. Larvae have to shed their skin so that they can grow. Some are parasitic. In carnivorous species the cuticula has often formed small teeth. In eelworms this forms a stiletto (very important in plant diseases). Just behind the mouth there are two amphid pouches, i.e. indentations in the cuticula with specially shaped cilia. They are used as an olfactory organ. Parasitic species often have a pair of phasmids. These are unicellular glands which open outwards. They are at the back of the body and also function as an olfactory organ. The two groups are divided taxonomically depending on the presence of this organ: Phasmidia and Aphasmidia. The medical important worms have separate sexes. There are a lot of species of nematodes and large numbers of every species. Good garden soil may contain many thousands of nematodes per m2. Cobb (1915) has given a good description of the number of nematodes, and of their omnipresence:

“If all the matter in the universe except the nematodes were swept away, our world would still be dimly recognizable, and if, as disembodied spirits, we could investigate it, we should find its mountains, hills, vales, rivers, lakes and oceans represented by a thin film of nematodes. . . ”.

· Thorny-headed worms or Acanthocephala. These animals have a typical morphology, which includes a head covered in spines. Occasionally infections with these unusual parasites are seen in humans.

· Arrow worms or Chaetognatha (lit. "hair-jaws"). Chaetognaths are semitransparent animals which only live in the sea, where they are a dominant part of the marine plankton. Only 65 species are known. The animals are arrow-shaped and have horizontal fins on the rump and tail, hence their common name. They are of no medical importance.

· Acorn worms or Enteropneusta. These small animals belong to the Hemichordata. They are only found in the sea. Only 63 species are known. They are of no medical importance.

· Nemertini, Nemertea, proboscis worms or Rhynchocoela. They are of no importance in human medicine.

· Hair worms or Nematomorpha (horsehair worms). They live chiefly in moist surroundings. The young worms are often parasitic, the adult animals are generally free-living. There are 320 species. They are of no importance in human pathology. 

· Minor groups. There are a few minor groups (Echiura, Sipuncula) which are of no further interest here, but which are fascinating in their own right.

3 Parasitism by worms XE "Helminthiasis: parasitism by worms" 
Worms belonging to various zoological groups can parasitise humans. Some worms have a simple development and transmission, others undergo a quite complicated cycle which may include several hosts. The organisms vary greatly in size: e.g. from 0.3 mm for Ancylostoma braziliense, to 12 metres for Taenia saginata (beef tapeworm). Cestodes feed via diffusion and have no mouths. They have a flattened body containing several segments. Trematodes are also flattened, but are not segmented. They are generally less than one millimetre thick. The need for diffusion of oxygen is one of the limiting factors determining the thickness of a worm which has no lungs or blood circulation. Nematodes have no segments. They are round because they have a high internal pressure. The pressure acts as a kind of hydrostatic skeleton, necessary to carry out movements. They feed by active swallowing of small amounts of food. The mouth is well developed for that purpose. The morphology of the mouth and the oesophagus can be used as a criterion to classify the various species of nematodes.

*

Unlike fungi, protozoa or bacteria, most adult worms cannot multiply inside the human body (exceptions are Strongyloides stercoralis and Capillaria philippinensis). In Enterobius vermicularis infestations there is auto-inoculation: humans re-infect themselves continuously and can carry a large number of worms inside. For most helminthic infections, multiplication of the number of adult worms occurs via new infections. This is important. Adult females generally produce large quantities of eggs or larvae, but endogenous re-infection rarely occurs. In some worms (Echinococcus) the larval stage may reproduce. For a clinician, two concepts stand out: (1) wormload and (2) localisation of the parasite(s). Any illness caused by worms depends to an important extent on the number of parasites. The total worm load is only increased by repeated exposure. Sometimes one or more worms may arrive in an unusual and dangerous place via aberrant migration (the spinal cord, the eye) and lead to significant pathology. In this case, the total worm burden is of less significance.
*

The high frequency of worm infections in the tropics is due to the lack of hygiene, faecal pollution of soil and water, the presence of vectors and the temperature and moisture of the environment. The human population generally includes a small number of people who are heavily infested (“wormy persons”) and a high percentage who have few worms. These wormy persons form the most important target group for treatment from an epidemiological and pathological point of view. Infestations with geohelminths (worms transmitted via infected soil) are numerous and very widely distributed. Although the individual patient generally exhibits few symptoms, the enormous extent of the problem has far-reaching consequences in the public health domain, such as anaemia and delayed growth. Traditionally it has been argued that treatment is irrelevant for the control of these infections, because children will once more become infected. On the other hand there is sometimes pronounced catch-up growth which children exhibit after treatment. Research is carried out to discover whether there is a connection between worm infestations and allergy or atopy. A positive Toxocara serology is found more often in people with asthma, but infection with Trichuris trichiuria actually seems to reduce atopy, and maybe even inflammatory bowel disease (e.g. Crohn's disease, ulcerative colitis). At present no final conclusions can be drawn.

4 Worms, Life cycles XE "Helminthiasis: cycles" 
All intestinal roundworms (nematodes) have a fairly complex cycle, but almost always without an intermediate host (Capillaria phillipinensis is an exception). The lack of an intermediate host which can only live in a well-defined ecosystem, explains the cosmopolitan character of intestinal nematodes. All intestinal nematodes have separate sexes and lay eggs which can be found in faeces. Sometimes only the female survives in the intestine. In Strongyloides larvae hatch before they arrive in the outside world. The larvae of nematodes have several consecutive development stages. 

*

Larval tissue nematodes: The larvae of some nematode species infect various human tissues. These are accidental infections, and do not represent the natural life cycle of the parasite. The larvae of canine and feline roundworms (Toxocara sp.), and also those of Gnathostoma may penetrate humans “by mistake” and cause visceral larva migrans. The larvae migrate through the liver, eyes, brain and so on, where they cause a granulomatous inflammatory reaction. Trichinella larvae are found in the muscles and the heart. Filaria are a separate group. They are live-bearing (do not lay eggs) and generally their intermediate hosts are insects.

*

All flukes (trematodes) have a cycle with an obligatory intermediate host. The first intermediate host of these flatworms is always a freshwater snail. The larvae which comes from the snail then, depending on the species, either infects a second intermediate host (fish, crab), encysts on certain plants, or penetrates the final host directly through the skin. It is precisely the presence of the intermediate host which determines whether a particular fluke can be present or not in any given area. All food-borne trematode infections are zoonoses. Infestations by flukes are always via larval forms, never via eggs. Except for schistosomes all trematodes are hermaphrodite (no separate sexes).

*

Note: Hermaphroditus

Hermaphroditus was the son of the Greek god Hermes and the goddess Aphrodite. When he refused to respond to the advances of the nymph Salmacis, in answer to her prayer their bodies were united for eternity.

*

All tapeworms (cestodes) are parasites which are found in the intestinal lumen as adults. They are hermaphrodites. Each animal has both testes and ovaries. They have a head (scolex) and body segments (proglottids). There is generally only one adult worm in the intestinal tract (Fr.: ver solitair = tapeworm), but multiple infections do occur. The larval forms of these worms (hydatid, cysticercus) may be located in various organs.

5 Worms, Transmission XE "Helminthiasis: transmission" 
Several ways of infection are possible:

5.1 Worms, Transmission, oral

· Human faeces. Faeco-oral transmission is important in several worms. Soiling by infected human faeces is responsible for infestation by Ascaris, Enterobius, Trichuris, cysticercus larvae (larval T. solium). Larvae from hookworms and Strongyloides may also be ingested orally. 

· Animal faeces. Humans become infected with the eggs of Toxocara (visceral larva migrans) and Echinococcus granulosus (hydatid cysts) by eating products which have been contaminated by animal excreta. 

· Infected meat. Eating raw or insufficiently cooked meat, which contains larvae, leads to infection by Trichinella, adult Taenia and Gnathostoma.

· Infected fish. Eating raw or insufficiently cooked fish [Latin American ceviche, Japanese sushi and sashimi, Dutch maatjesharing (herring), Norwegian gravlax (salmon), Hawaiian lomi-lomi (raw salmon), Spanish boquerones (anchovies in vinegar)] may lead to infection with: (1) nematodes such as Anisakis or Pseudoterranova larvae, Capillaria philippinensis, Gnathostoma; (2) cestodes such as Diphyllobothrium (fish tapeworm) and Diplogonoporus; (3) trematodes such as Metagonimus and Heterophyes (small intestinal flukes), Clonorchis and Opisthorchis (liver flukes). 

· Infected crabs and crayfish. Eating larvally infested, raw or insufficiently cooked crabs may lead to paragonimiasis (lung fluke).

· Contaminated plants. Infection with the giant intestinal fluke (Fasciolopsis) occurs via the consumption of several kinds of raw plants, e.g. waternut and water chestnut, on which larvae are encysted. Fasciola hepatica (liver fluke) is transmitted via contaminated water cress.

· Contaminated water. Drinking water containing Cyclops (small crustaceans) infected with Dracunculus, leads to Guinea worm infection.
5.2 Worms, Transmission, skin penetration

· Larvae of Strongyloides and hookworm enter through the skin from the soil. They then penetrate deeper. The hookworm Ancylostoma braziliense also penetrates skin, but cannot go deeper. It stays in the skin and give rise to cutaneous larva migrans.

· Schistosoma cercariae penetrate the skin when humans come into contact with infested water.

5.3 Worms, Transmission, via a vector

· Filaria are transmitted by the bite of various Diptera: mosquitoes and flies

· Dracunculus has Cyclops as its vector, a small crustacean.

6 Worms, Localisation XE "Helminthiasis: localisation" 
In clinical practice it is helpful to classify the worms according to the organ where they are located.

6.1  Localisation in the intestine (adults)

Trematodes 

Giant intestinal fluke
Fasciolopsis buski 

Small intestinal flukes
Metagonimus and Heterophyes sp.

Cestodes

Beef tapeworm
Taenia saginata 

Pork tapeworm
Taenia solium 

Dwarf tapeworm
Hymenolepis nana (recently renamed Vampirolepis nana)

6.2  Localisation in the lung

Lung fluke
Paragonimus westermani

Dog tapeworm 
Sometimes cysts in the lungs, Echinococous granulosus

6.3  Localisation in the biliary tract (adults)

Liver flukes
Fasciola hepatica and Fasciola gigantica

Small liver flukes
Clonorchis, Opisthorchis, Metorchis, Dicrocoelium sp.

Ectopic migration
Adult Ascaris lumbricoides

6.4  Localisation in the liver parenchyma

They are also sometimes found in other organs:

Dog tapeworm
Echinococcus granulosus (hydatid)

Fox tapeworm
Echinococcus multilocularis


Capillaria hepatica

 Dog / cat roundworms
Toxocara sp.

 Blood flukes
Schistosoma sp.

6.5  Localisation in muscle (larvae)


Trichinella spiralis 

Pork tapeworm
cysticercosis (larval Taenia solium)

6.6  Localisation in the skin (larvae)

· Strongyloides. The larvae can migrate in the skin (larva currens).

· Hookworms from cats and dogs (Ancylostoma braziliense etc.): cause a clinical picture of "creeping eruption" or cutaneous larva migrans. These are parasites of animals which cannot develop to the adult form in humans. 

· Gnathostomiasis is an infection with larval nematodes and a common cause of migratory subcutaneous swellings in Thailand, Peru, Ecuador and Mexico.

· Onchocerca microfilariae (superficial) and adult worms (deeper).

6.7  Larvae localisation in various deep tissues

· Roundworms of dogs and cats (Toxocara canis and T. cati): the larvae cause visceral larva migrans (toxocariasis).

· Gnathostoma spinigerum is a nematode which is found in the stomach of dogs and cats as an adult parasite. If a human is infected with the larvae, these will cause larva migrans, sometimes with pronounced skin lesions or eosinophic meningitis.

· Larval stages of various tapeworms: cysticercosis (Taenia solium) e.g. in the brain; hydatid cysts (Echinococcus) e.g. in the liver, lungs and bones. Spirometra (sparganosis) larvae are mobile and migrate.

6.8  Localisation of adult filaria in tissues or lymph

· Wuchereria bancrofti (lymphatics)

· Loa loa (subcutaneous)

· Onchocerca volvulus (subcutaneous)

· Mansonella perstans (peritoneum, pleura, pericardium)

· Dracunculus medinensis (subcutaneous)

6.9  Localisation in the eye

· Onchocerciasis: O. volvulus microfilariae (river blindness).

· Loa loa: subconjunctival passage of the adult worm.

· Toxocariasis: larvae on the retina may mimic retinoblastoma.

· Trichinella: infection in the acute phase is accompanied by peri-orbital oedema but there are no lesions of the eyeball itself. The larvae are found in the small muscles around the eyes.

· Sparganosis: infection with migrating larvae of Spirometra tapeworms. The adult tapeworms are parasites of canines and felines.

6.10 Localisation in the brain

· Taenia solium cysticercosis. Generally no eosinophilia. Produces asymptomatic cysts or causes epilepsy. Intraventricular cysticerci can lead to internal hydrocephalus.

· Toxocara canis: eosinophilic meningitis is possible.

· Echinococcus granulosus. Large cystic lesions can occur, which often necessitate neurosurgery, with praziquantel and albendazole ± prednisone.

· Angiostrongylus cantonensis (nematodes of rodents); Occurs in Southeast Asia and the Pacific. The cause of self-limiting eosinophilic meningitis which occurs due to invasion of the central nervous system by the larvae.

· Gnathostomiasis. Cerebral localisation of larvae of Gnathostoma spinigerum causes a very severe eosinophilic meningo-encephalitis.

· Schistosomes: occasionally ectopic localisation in the brain and spinal cord.

· Baylascaris sp.

· Coenurosis (cestodes)

· Ectopic migration of many worms (such as Paragonimus sp.) can lead to central nervous system lesions. 

6.11 Localisation in the venous system

· Schistosoma haematobium (adults normally in veins of bladder and the rest of the genito-urinary system)

· Schistosoma mansoni, S. intercalatum, S. japonicum and S. mekongi (adults normally in intestine)

6.12 Localisation in the renal pyelum

· Dioctophyma renale: giant kidney worm. A crimson red giant worm with an aquatic oligochaete as intermediate host. When a human becomes infected, the infected kidney will be destroyed. Fish and frogs are paratenic hosts, i.e. intermediate hosts in which no further development of the parasite is completed, but which may be important in the complete life cycle of the parasite.

6.13 Localisation, lung passage of worm larvae

· Nematodes with a pulmonary passage are Ascaris, hookworms and Strongyloides. All blood microfilariae do of course also pass through the lung, such as Loa loa, Mansonella perstans and Wuchereria bancrofti. Schistosomules pass through the lung before they begin further development. Immune reaction to egg production of schistosomes lead to several symptoms, including respiratory distress (see Katayama syndrome).

7 Worms, Diagnosis XE "Helminthiasis: diagnosis" 
7.1 Diagnosis, general

It is important to bear in mind that many worm infections may be diagnosed by simple examination of the faeces, sputum, urine, blood or skin. Helminths which produce a large numbers of eggs or larvae are naturally easier to identify than infections with only a few eggs or larvae. In the latter case, it is helpful to enrich the volume of the parasitic material to be examined, by means of concentration techniques. In this way it is possible to make a diagnosis in many patients who have a low wormload. 

*

The tests mentioned above cannot, however, produce a diagnosis in the following cases: 

· Infection with immature parasites. In acute Katayama fever no eggs are found early in the disease.

· Infections with male worms. This is why it is important to know whether or not a parasite is hermaphrodite, e.g. in infections with male Ascaris lumbricoides.

· Infections with adult worms which are located in an enclosed space, such as the brain.

· Infections with larvae where the human is the intermediate host, e.g. cysticercosis, echinococcosis, visceral larva migrans. Trichinellosis may also be included here.

· Infections with old or damaged worms, e.g. after use of antihelminthics.

· Many patients with loasis do not have microfilariae in their blood

7.2 Diagnosis, microscopic recognition of worm eggs

Recognition of worm eggs requires training, practice and experience. Otherwise it is possible to interpret a certain microscopic structure wrongly for years (quality control is important).

· Size. Since infections with Ascaris lumbricoides are so common, the size of a fertilised egg (60 µm) can be used as a reference measure. If no special microscopic eyepiece is available to carry out measurements, the relative size of a structure can be compared to a fertilized Ascaris egg.

· Eggs much larger: Fasciola hepatica, Fasciolopsis buski, S. mansoni, S. haematobium
· Eggs somewhat larger: Paragonimus, S. japonicum, Trichostrongylus orientalis, Hymenolepis diminuta, Ascaris unfertilised egg

· Same dimensions: hookworms eggs, Hymenolepis nana, Diphyllobothrium latum
· Eggs somewhat smaller: Trichuris, Enterobius, Taenia solium and T. saginata
· Eggs much smaller: Clonorchis, Metagonimus, Opisthorchis.
· Shape. Most eggs are symmetrical. The exceptions are those of Enterobius, T. orientalis, D. dendriticum and unfertilised Ascaris. The eggs of hermaphrodite trematodes often have an operculum. This small structure is not always easy to see, however. Some other worms also have it (D. latum). Polar caps occur in Trichuris trichiura and Capillaria sp., giving them a lemon-like appearance. Some eggs, such as various schistosomes, have a spine. These may be large or small compared to the egg, and protrude either terminally or laterally.

· Colour. Many eggs have a rather yellowish brown colour due to bile salts. Some are more or less colourless (hyaline), such as those of hookworms, T. orientalis, E. vermicularis and Ascaris (if there is no protein mantel on the egg).

· Egg shell. This may be surrounded by a knobbly protein layer, as in Ascaris. In some worms the egg shell is thin, as in hookworms. In others it is thick, as in lung flukes.

Intestinal nematodes XE "Helminthiasis: intestinal nematodes" 

 XE "Nematodes: heliminthiasis, intestinal nematodes" 
7.3 Intestinal nematodes: summary
· Ascaris: common, lung passage, sometimes intestinal or biliary obstruction 

· Trichuris: common, symptoms only in severe infection (diarrhoea, anal prolapse)

· Enterobius: common, anal itch, exogenous auto-infection

· Hookworms: common, lung passage, anaemia if worms are numerous

· Strongyloides: common, chronic, larva currens, lung passage, endogenous re-infection, fatal hyperinfection 

· Capillaria philippinensis: rare, diarrhoea, endogenous re-infection, sometimes fatal

7.4 Intestinal nematodes: Ascaris lumbricoides 

7.4.1 Intestinal nematodes: Ascaris lumbricoides, summary

· A very common parasite, 15 to 40 cm long.

· Lung passage may cause transient asthma-like symptoms.

· Generally atypical symptoms, or asymptomatic.

· Sometimes obstruction of hollow organs (intestine, pancreas and biliary tract).

7.4.2 Intestinal nematodes: Ascaris lumbricoides, life cycle
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Cosmopolitan but much more common in the tropics. The eggs pass on to the ground via the faeces. Fertilised eggs require 10 to 40 days in the outside world to mature before they become infectious. Direct self-infection is thus ruled out. Once they are mature the eggs are taken up once more (faeco-oral transmission) via infected food, drink, dirty hands or fingernails. In the intestine small larvae emerge from the eggs, and these bore through the intestinal wall. In this way they reach the blood (portal vein system). They are carried with the blood, through the liver to the lungs (lung passage occurs 3 to 14 days after ingestion). In the lungs the larvae make their way to the bronchial lumen and climb via the respiratory branches into the throat. They are swallowed, and in this way they again reach the intestine. They grow into adult worms in the jejunum. They do not damage the intestinal wall. Egg laying begins two months after infection. The adult worm survives on average for 1 year. The creatures reach 15 to 40 cm. There is no animal reservoir. Occasionally infections with Ascaris suum XE "Ascaris suum: intestinal nematodes, Ascaris lumbricoides"  occur (parasite of pigs). This worm resembles Ascaris lumbricoides XE "Ascaris lumbricoides: intestinal nematodes, Ascaris lumbricoides"  very closely and some think the parasites are identical.

7.4.3 Intestinal nematodes: Ascaris lumbricoides, epidemiology

This is the most common worm infection in humans. It has a cosmopolitan distribution. Children are most often infected. The eggs are very resistant, which makes it possible in certain circumstances for them to survive for a long time in the outside world. The number of eggs which can be found in the soil is a measure of the hygiene standard and degree of sanitation of an area (faecal pollution of the ground).

7.4.4 Intestinal nematodes: Ascaris lumbricoides, symptoms

The vast majority are asymptomatic. Some people have various forms of intestinal discomfort or allergic symptoms. Serious complications are rare. Nevertheless, in view of the large number of infected persons, the morbidity and mortality should not be disregarded.

*

Lung passage symptoms

The larvae undergo lung passage. This produces symptoms of mild to severe cough, dyspnoea, thoracic pain, some fever. The clinical picture is similar to asthma or pneumonia. On chest X-ray migratory infiltrates are observed. Eosinophilia is present. This whole phenomenon is called Loeffler's syndrome. The sputum contains many eosinophils, Charcot-Leyden crystals and sometimes also larvae. The symptoms last for some days or weeks. 

*

Obstruction of hollow organs

When numerous adult worms are present, they may form a tangle and cause mechanical intestinal obstruction manifested by a bloated abdomen, increased peristalsis with clangour, colicky pain, vomiting (bile, faecaloid) and dilated intestinal lumen on an abdominal X-ray. Migration into the biliary tract may lead to biliary obstruction (cholestasis) with possibly infection (cholangitis, liver abscess, pancreatitis). Sometimes there is migration to the appendix with inflammation (appendicitis). Sometimes an adult Ascaris is present in vomitus. Occasionally, an adult can penetrate the lacrimal duct. Recent surgical intestinal sutures can be breached by an inquisiting adult Ascaris, leading to bowel perforation and peritonitis. Infection with Ascaris lumbricoides also plays a role in the development of pigbel (necrotising enteritis, see chapter on diarrhoea).
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Malnutrition

Ascaris itself does not cause malnutrition. In borderline malnutrition the presence of numerous worms can have a negative effect, however. It is also important to know that many patients suffer from anorexia. Humans infected with Ascaris are best treated before they undergo intestinal surgery. Migration of an Ascaris through an intestinal suture line is a serious event. Pre-operative deworming is advised in endemic areas.

7.4.5 Intestinal nematodes: Ascaris lumbricoides, diagnosis

Since an adult female lays up to 200,000 eggs per day, as a rule no concentration technique is necessary to detect eggs in the faeces. If infection is solely with one or more male worms, then of course no eggs will be detected. During lung passage there is significant eosinophilia. After lung passage there is no longer appreciable eosinophilia. X-ray of the intestine may show one or more adult worms. The worm forms a long, thin dark area if using barium contrast. Sometimes a central longitudinal radio-opaque line can be seen; this is the intestinal tract of the worm. Such a line is absent in tapeworms. An ultrasound of the pancreas (Wirsung duct) or of the biliary tract and gallbladder, sometimes shows an ectopic migrating adult Ascaris.

7.4.6 Intestinal nematodes: Ascaris lumbricoides, treatment
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· Mebendazole XE "Mebendazole: intestinal nematodes, Ascaris lumbricoides, treatment"  (Vermox®): 100 mg BD x 3 days, effective broad spectrum

· Flubendazole XE "Flubendazole: intestinal nematodes, Ascaris lumbricoides, treatment"  (Fluvermal®): 100 mg BD x 3 days, effective, narrow spectrum 

· Albendazole, effective, broad spectrum XE "Albendazole: intestinal nematodes, Ascaris lumbricoides, treatment" 
· Piperazine XE "Piperazine: intestinal nematodes, Ascaris lumbricoides, treatment"  (Adiver®): narrow spectrum

· Pyrantel XE "Pyrantel: intestinal nematodes, Ascaris lumbricoides, treatment"  (Antiminth®, Combantrin®)

7.5 Intestinal nematodes: Trichuris trichiura XE "Trichuris trichiura: intestinal nematodes, Trichuris trichiura"  or whipworm 

7.5.1 Intestinal nematodes: Trichuris trichiura, summary

· Adult worms measure approximately 4 cm

· Faeco-oral transmission via eggs.

· Generally asymptomatic.

· In severe infections diarrhoea, anal prolapse

7.5.2 Intestinal nematodes: Trichuris trichiura, life cycle

Cosmopolitan. The eggs are eliminated with the faeces. Infection is via the oral route (direct anus-hand-mouth as in Enterobius or after maturation in the outside world). In one week it becomes an adult worm measuring 3 to 5 cm. Egg laying begins 2 months after infection. The adult worm has a thin whip-like head with which it buries itself in the mucosa of the large intestine. The worm survives for several years. The parasite is possibly the same as Trichuris suis XE "Trichuris suis: intestinal nematodes, Trichuris trichiura, cycle" , a parasite of pigs.

7.5.3 Intestinal nematodes: Trichuris trichiura, symptoms

Most infected humans remain asymptomatic. Only in severe infections (> 1000 worms; >10,000 eggs per gram of faeces) do symptoms occur: these include diarrhoea (dysentery type), malnutrition or anaemia. In undernourished children with chronic diarrhoea and tenesmus there is sometimes prolapse of the rectum, in which the worms can be seen on the prolapsed mucosa.

7.5.4 Intestinal nematodes: Trichuris trichiura, diagnosis

Diagnosis is based on faecal examination. No concentration technique is necessary for clinically relevant infections. Sometimes the worms can be seen on the rectal mucosa (rectoscopy or during anal prolapse).
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7.5.5 Intestinal nematodes: Trichuris trichiura, treatment

· Mebendazole XE "Mebendazole: intestinal nematodes, Trichuris trichiura, treatment"  100 mg BD x 3 days

· Albendazole XE "Albendazole: intestinal nematodes, Trichuris trichiura, treatment" 
7.6 Intestinal nematodes: Enterobius vermicularis XE "Enterobius vermicularis: intestinal nematodes, Enterobius vermicularis"  or oxyurids

7.6.1 Intestinal nematodes: Enterobius vermicularis, summary

· Cosmopolitan distribution

· Humans are the reservoir of this 1 cm long worm

· Anal itch
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7.6.2 Intestinal nematodes: Enterobius vermicularis, life cycle

This parasite is cosmopolitan. There is no intermediate host. Infection is via ingestion of eggs. They accumulate in the ileocaecal region. After copulation the males die. The females migrate via the colon to the anus and lay their eggs chiefly at night, as they creep over the peri-anal skin. This explains the nightly itching. In rare cases there is vaginal itch because the females can also hide there. Sometimes the parasites are found in the appendix. The eggs must be sought not only in the faeces, but also on the peri-anal skin (using Scotch tape or other transparent sticky tape). In women the eggs may be found in the urine, due to contamination. Sometimes a small number of adult worms are found in the vagina. Apart from the itch there are few problems. There is a possible association between infection with Enterobius and infection with the pathogenic amoeboflagellate, Dientamoeba fragilis XE "Dientamoeba fragilis: intestinal nematodes, Enterobius vermicularis, cycle" . Enterobius gregorii XE "Enterobius gregorii: intestinal nematodes, Enterobius vermicularis, cycle"  is also a parasite of humans. Infections with this nematode follow the same course as Enterobius vermicularis.

7.6.3 Intestinal nematodes: Enterobius vermicularis, treatment

Mebendazole XE "Mebendazole: intestinal nematodes, Enterobius vermicularis, treatment"  100 mg (Vermox®), to be repeated after 1 and 2 weeks. Albendazole XE "Albendazole: intestinal nematodes, Enterobius vermicularis, treatment"  is also effective. Since the eggs can adhere to all objects e.g. underclothing, sheets and so on, these should be changed. In a family it is best to treat all the family members, even those without symptoms. Vanquin® (pyrvinium) may also be used as an alternative to mebendazole. The faeces may discolour red.

7.7 Intestinal nematodes: hookworms

7.7.1 Intestinal nematodes: hookworms, summary

· Blood-sucking worms 1 cm long.

· Transmission by larvae: transcutaneous and oral

· Brief local itch after skin penetration, lung passage.

· In severe infection iron deficiency anaemia.

7.7.2 Intestinal nematodes: hookworms, life cycle

There are two important hookworms: Necator americanus XE "Necator americanus: intestinal nematodes, hookworms, cycle"  and Ancylostoma duodenale XE "Ancylostoma duodenale: intestinal nematodes, hookworms" . [L. necator = murderer; Gr. ancylo = hook , stoma = mouth]. [There are a few minor hookworms which are of much less clinical importance and seldom cause infections with adult worms (e.g. Ancylostoma ceylanicum XE "Ancylostoma ceylanicum: intestinal nematodes, hookworms" , A. caninum XE "Ancylostoma caninum: intestinal nematodes, hookworms" , A. malayanum XE "Ancylostoma malayanum: intestinal nematodes, hookworms" , Cyclodontostomum purvisi XE "Cyclodontostomum purvisi: intestinal nematodes, hookworms" ). The status of Ancylostoma japonica XE "Ancylostoma japonica: intestinal nematodes, hookworms" , A. tubaeforme XE "Ancylostoma tubaeforme: intestinal nematodes, hookworms" , Bunostomum phlebotomum XE "Bunostomum phlebotomum: intestinal nematodes, hookworms"  and Necator argentinus XE "Necator argentinus: intestinal nematodes, hookworms"  is doubtful. Necator suillus XE "Necator suillus: intestinal nematodes, hookworms"  and Uncinaria stenocephala XE "Uncinaria stenocephala: intestinal nematodes, hookworms"  can infect humans]. The adult worms are found in the small intestine. They measure approximately 1 cm. Adult hookworms survive for several years, Necator longer than Ancylostoma. A few weeks or months after infection eggs can be found in the faeces. Once the eggs arrive in the outside world with the faeces, they take one week to mature to infectious larvae. At first they are rod-shaped = rhabditiform, later thread-shaped = filariform. They may survive for weeks or months (at an optimal temperature and humidity for as much as 2 years). A soil with neutral pH is optimal for their development, as is shade and a sufficiently high temperature (23°C to 30°C is ideal). If the faeces mix with urine the eggs die. Frost, direct sunlight and a soil saturated with salt or water, are unfavourable for the development of the young parasites. Infection occurs via the mouth (A. duodenale) or via the skin (A. duodenale and N. americanus). If they enter through the skin, the young parasites have to pass through the lungs. A new dimension in the epidemiology of hookworm disease emerged when it was found that insufficiently cooked meat from paratenic hosts such as pigs, cattle, rabbits and sheep can be responsible for transmission. The adult hookworms bore a hole in the mucosa of the duodenum and the small intestine and suck blood. They adhere with hooked teeth in their mouth (Ancylostoma) or with two buccal cutting plates (Necator). A. duodenale sucks 5 to 10 times more blood than N. americanus (approximately 30 µl per day for Necator and 260 µl for Ancylostoma). It is estimated that the life span of adult worms is 5 to 15 years.

*

Hypobiosis can occur in ancylostomiasis, although its importance is not clear. In hypobiosis, there is arrested development of migrating Ancylostoma duodenale larvae which migrate to the mammary glands and are secreted with the breast milk and infect the child. This is similar to that seen in Ancylostoma caninum which infects puppies in the same way.
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7.7.3 Intestinal nematodes: hookworms, symptoms

At the site where the hookworms penetrate, the skin develops a rash and itch. This is shortlived and rarely noticed. Lung passage also rarely produces symptoms, but may be accompanied by Loeffler’s syndrome. There are few intestinal symptoms. Significant infections (>1000 worms) may result in pronounced anaemia. The haemoglobin level may sometimes be very low. Children and pregnant women in whom the iron supplies are already low, are particularly affected. Hypoproteinaemia may also occur and results in oedema. Protein deficiency also has consequences for the production of immunoglobulines. Some patients exhibit geophagia. In history, certain regions in the USA were famed for their “quality” clay and people would cover great distances to eat this iron-containing soil. In 1920 someone even began a mail order business to send clay to people with hookworms.

*

7.7.4 Intestinal nematodes: hookworms, diagnosis

The eggs are found in fresh faeces. In an old stool (>24 hrs), the eggs will have hatched and rhabditiform larvae can be seen (Gr. rhabdos = rod). There is mild eosinophilia. Since an adult hookworm lays approximately 25,000 eggs per day, as a very rough estimate 100 eggs per gram of faeces corresponds to 1 adult worm.

7.7.5 Intestinal nematodes: hookworms, differential diagnosis

Differentiation from Strongyloides larvae is based chiefly on the difference in morphology of the "head" end. The mouth is elongated in ancylostomes and shorter in Strongyloides. Sometimes, if intestinal transit has been swift, eggs of Strongyloides stercoralis may be found in the faeces. These too should be differentiated from hookworm eggs. Ternidens deminutus XE "Ternidens deminutus: intestinal nematodes, hookworms"  is a nematode which is generally non-pathogenic, and which strongly resembles the hookworm (although Ternidens eggs are somewhat larger). Eggs of Oesophagostomum are morphologically identical to those of hookworms. Identification of the latter parasite can only be made by coproculture (identification of the typical stage 3 larvae). 

7.7.6 Intestinal nematodes: hookworms, treatment

· Mebendazole XE "Mebendazole: intestinal nematodes, hookworms, treatment"  2 x 100 mg/day for 3 days.

· Pyrantel XE "Pyrantel: intestinal nematodes, hookworms, treatment"  10 mg/kg for 3 days. Also give iron supplementation and folic acid in anaemia.

· Necator is less sensitive to ivermectin XE "Ivermectin: intestinal nematodes, hookworms, treatment" , unlike Ancylostoma duodenale.

· Albendazole XE "Albendazole: intestinal nematodes, hookworms, treatment"  may be used in treatment and is generally effective.

7.7.7 Intestinal nematodes: hookworms, prevention

Mass chemotherapy, together with health education and sanitary provisions are strategies which are often used. The most heavily infected individuals are the chief target group. Wearing footwear only partly prevents infection because oral infection is also important for Ancylostoma duodenale. Children are the main victims, rarely wear shoes and their whole skin is a portal of entry.

*

Note 1: iron

Iron is essential to humans for the transport of oxygen by haemoglobin, for myoglobin, for oxidative metabolism and for normal cell growth. Humans have three important proteins in connection with iron: transferrin, transferrin receptor and ferritin. A normal Western diet contains approximately 15 mg of iron per day, but only approximately 1 mg is taken up in the intestines. Chronic blood loss of 10-20 ml per day (contains 5-10 mg iron) leads to a negative iron balance. The iron status of humans can be determined in various ways: haemoglobin concentration, serum ferritin, serum iron and transferring, total iron binding capacity. The bone marrow may be stained for iron (gold standard). In modern centres it is also possible to determine soluble transferrin receptors which are increased in iron deficiency. The latter tests are sometimes used when there is confusion between the anaemia of chronic disease and iron deficiency anaemia.

*

Note 2: anaemia

There is no single international definition of anaemia which applies world-wide. According to WHO anaemia must be considered in men if Hb is below 13 g%, in women and children between 6-12 years old if Hb is below 12 g% and in children younger than 6 years if it is below 11 g%. If the haemoglobin concentration falls moderately below this level, there is an increase in the intra-erythrocytic production of 2,3 diphosphoglycerate. This substance displaces the oxygen dissociation curve and increases oxygen release by up to 40%. The venous oxygen pressure will then be lower. If the haemoglobin falls below 7-8 g%, other adaptive factors begin to come into play. The cardiac output increases, both at rest and during exertion. There is tachycardia and hyperkinetic circulation with arterial and capillary pulsations and heart murmurs. If the myocardium is healthy and the onset of anaemia is slow, the combination of the 2,3 DPG effect and increased cardiac output permit adaptation to quite low haemoglobin concentrations. If the haemoglobin falls even further, this will result in symptoms such as pronounced tiredness, dyspnoea during exercise, palpitations, angina or claudication and finally high output heart failure.

*

Note 3: Hookworms in the New World

Hookworms were found in the intestines of a 2800-year-old Peruvian mummy and thus were present before the time of European colonisation. It is rather puzzling how hookworms came to America. It is assumed that humans came to America via the Bering Strait between Siberia and Alaska during the Ice Age in the Pleistocene epoch. The worms would certainly have found it very difficult to maintain transmission in that cold climate. There must have been ‘cold sterilisation’. The eggs and larvae in the faeces would not have been able to survive in the frozen tundra. Possible explanations are the long life span of the worms, the ability of humans to cover long distances in a relatively short time, and possibly warm years during the Ice Age.

*

Note 4: Hookworms and Rockefeller

In view of the enormous problem of hookworm disease in the South of the USA, in 1909 the American zoologist Charles W. Stilles was able to convince the millionaire John D. Rockefeller to give 1 million US$ to set up the Rockefeller Sanitary Commission for the Eradication of Hookworm Disease. These activities later led to the Rockefeller Foundation and the Rockefeller University.

7.8 Intestinal nematodes: oesophagostomiasis
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Nematodes of the genus Oesophagostomum (O. bifurcum XE "Oesophagostomum bifurcum: intestinal nematodes, oesophagostomiasis" , O. aculeatum XE "Oesophagostomum aculeatum: intestinal nematodes, oesophagostomiasis" , O. stephanostomum XE "Oesophagostomum stephanostomum: intestinal nematodes, oesophagostomiasis" ) are widely distributed intestinal worms of monkeys. In some regions humans are accidental final hosts. The eggs are morphologically identical to those of hookworms. The larvae develop when the eggs land on the ground, progressing through stages 1-3 in 5 to 7 days. Probably a number of stage 3 larvae can resist long periods of dehydration. Stage 3 larvae are swallowed with food or water and penetrate the human intestinal wall. They then develop further, inducing abscesses with a necrotic content (helminthoma). These abscesses occur in the intestinal wall and mesenterium. As soon as the worms become adult, they return to the intestinal lumen where they attach to the mucosa and mate. Adult worms in the intestinal lumen do not cause illness. In veterinary medicine the illness is known as "pimply gut", which refers to countless abscesses under the serosa. In humans the worms cause severe intestinal lesions, including eosinophilic granulomas in the intestinal wall, abscesses and peritonitis. Epigastric or periumbilical masses may result. Foci of Oesophagostomum bifurcum infections occur commonly in a small part of West Africa (Northern Ghana and Togo).

*

Note: eosinophilic intestinal granulomata

Sometimes during laparotomy a part of the intestine has to be removed, in which a worm or worm fragments are subsequently observed. There are several pathogens which can be present under these circumstances. In Central and South America Angiostrongylus costaricensis XE "Angiostrongylus costaricensis: intestinal nematodes, oesophagostomiasis"  (syn. Parastrongylus costaricensis) causes eosinophilic granulomas in the ileocaecal area, but the eggs never appear in the faeces. Anisakiasis or herring-worm disease and Macracanthorhynchus infections (caused by a thorny-headed worm which normally has pigs as its final host, and which is transmitted by dung beetles) are other causes of eosinophilic gastro-intestinal granuloma. Gongylonema pulchrum XE "Gongylonema pulchrum: intestinal nematodes, oesophagostomiasis"  may cause eosinophilic lesions of the mouth, gums or tongue. Dung beetles and cockroaches are the intermediate hosts of this nematode. Eustrongylides is a genus of pinkish red nematodes (25-150 mm long and 2 mm in diameter) which are transmitted via fish. The larvae can easily be observed with the naked eye during visual inspection of the fish, and this is one reason why infections are not common. Birds such as flamingos and herons are the usual final hosts. There is a significant risk of scepticaemia.

Worm infections which may cause eosinophilic intestinal abscesses or perforations: 

· Angiostrongylus costaricensis XE "Angiostrongylus costaricensis: intestinal nematodes" 
· Anisakiasis due to Anisakis simplex XE "Anisakis simplex: intestinal nematodes, oesophagostomiasis" , Pseudoterranova decipiens XE "Pseudoterranova decipiens: intestinal nematodes, oesophagostomiasis" , Phocanema XE "Phocanema sp. : intestinal nematodes, oesophagostomiasis" , Contracaecum XE "Contracaecum sp. : intestinal nematodes, oesophagostomiasis"  or Hysterothylacium sp. XE "Hysterothylacium sp. : intestinal nematodes, oesophagostomiasis" 
· Eustrongylides (pinkish red nematodes)

· Macracanthorhynchus hirudinaceus XE "Macracanthorhynchus hirudinaceus: intestinal nematodes, oesophagostomiasis"  (a thorny-headed worm or acanthocephalan)

· Oesophagostomiasis

7.9 Intestinal nematodes: Strongyloides stercoralis XE "Strongyloides stercoralis: intestinal nematodes, Strongyloides stercoralis"  

7.9.1 Intestinal nematodes: Strongyloides stercoralis, summary

· Infection with small worms 3 mm long

· Transmission by larvae is transcutaneous or oral

· Importance of endogenous re-infection and multiplication, which lead to very long-term infections

· Hypereosinophilia, larva currens with itch, chronic lung problems

· Hyperinfection in immunosuppression with steroids, HTLV-1 or sometimes HIV
7.9.2 Intestinal nematodes: Strongyloides stercoralis, life cycle

The adult female worm, (average 2.7 mm) is found in the mucosa of the small intestine. Males cannot penetrate the intestinal mucosa and perish. Reproduction is asexual via parthenogenesis. The females lay eggs after 2-3 weeks, from which larvae are quickly produced. Initially the larvae are described as rhabditiform. These quickly develop into filariform (infectious) larvae. These larvae may: 

· either penetrate back into the intestinal mucosa (Strongyloides is one of the rare worms which can multiply in the human body).

· or pass to the perianal skin and from there again penetrate the body (auto re-infection). In auto re-infection there is always another lung passage. In this way an infection with Strongyloides may persist for a very long time (more than 30 years).

· or pass to the outside world with the faeces. From there, after moulting, they may go in either of two directions. The larvae either again penetrate the skin of a human (sometimes even via the mouth) or they develop to adult worms in the outside world. They may then via sexual reproduction in their turn lay eggs, from which new larvae develop. The worm can thus survive without a host.

*

Some related parasites which seldom cause infections in humans: 

· Strongyloides fuelleborni XE "Strongyloides fuelleborni: intestinal nematodes, Strongyloides stercoralis"  (S. fulleborni) in sub-Saharan Africa and Papua New Guinea. Larvae actively penetrate the skin. There is probably also transmission via breast milk (cf hypobiosis in hookworm infection). In severe infections the patient may suffer heavy loss of protein via the intestine, leadng to so-called protein-loosing enteropathy. Strongyloides kellyi XE "Strongyloides kellyi: intestinal nematodes, Strongyloides stercoralis"  is a nematode which is only known in Papua New Guinea. Transmammary transmission is very probable.

· Strongyloides papillosus XE "Strongyloides papillosus: intestinal nematodes, Strongyloides stercoralis" , S. ransomi XE "Strongyloides ransomi: intestinal nematodes, Strongyloides stercoralis"  and S. westeri XE "Strongyloides westeri: intestinal nematodes, Strongyloides stercoralis" : cosmopolitan. Larvae may be found in the skin.

· Strongyloides canis XE "Strongyloides canis: intestinal nematodes, Strongyloides stercoralis" , S. cebus XE "Strongyloides cebus: intestinal nematodes, Strongyloides stercoralis" , S. felis XE "Strongyloides felis: intestinal nematodes, Strongyloides stercoralis" , S. myopotami XE "Strongyloides myopotami: intestinal nematodes, Strongyloides stercoralis" , S. planiceps XE "Strongyloides planiceps: intestinal nematodes, Strongyloides stercoralis" , S. procyonis XE "Strongyloides procyonis: intestinal nematodes, Strongyloides stercoralis"  and S. simiae XE "Strongyloides simiae: intestinal nematodes, Strongyloides stercoralis"  can cause experimental infections. Natural infections with these parasites are (as yet) unknown.

*

7.9.3 Intestinal nematodes: Strongyloides stercoralis, symptoms

Mild infection is generally asymptomatic. In severe infections there may be intestinal discomfort or diarrhoea. During lung passage symptoms may occur, depending on the number of larvae. Auto re-infection via the skin may give rise to significant itching, chiefly peri-anal. Migration of the larvae in the skin leads to itching red swollen lines (on the rump, arms, face, etc.). These lines may occur anywhere and progress swiftly (up to 10 cm per hour). The swelling is the result of an urticarial reaction to the migrating larva (the larva itself is only 0.5 mm long). These lesion disappear spontaneously a few hours later, to reappear once more at a different site.

*

Immune suppression (especially HTLV-1 infection), achlorhydria, haematological malignancies including lymphoma, cytotoxic medication, nephrosis, burns and especially the long-term use of systemic corticoids, all increase the risk of hyperinfection. In such cases there is extensive multiplication with spread of the larvae to all organs. Symptoms include purpura-like skin lesions (initially often peri-umbilical), severe diarrhoea, pulmonary symptoms (dyspnoea, bronchospasms, bloody sputum) and meningo-encephalitis. Hyperinfection with Strongyloides stercoralis may be accompanied by bacterial septicaemia. Usually Gram-negative bacteria are involved. Mixed infection may occur. This probably depends on mechanical damage to the colon wall, adhesion of intestinal bacteria to the outside of migrating larvae and excretion of bacteria from the intestinal system of the parasite. Hyperinfection has a high mortality (75%). In chronic and persistent infection, an underlying infection with HTLV-1 or use of glucocorticoids should be considered. There have been fewer hyperinfections in AIDS patients than one would expect at first sight. 

*

7.9.4 Intestinal nematodes: Strongyloides stercoralis, diagnosis
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The eggs hatch very rapidly in the intestine and are often not found in a faecal specimen. Larvae are found in the faeces. Often the numbers are not so high and a concentration technique, called the Baermann method, needs to be used. Larvae can also be detected via duodenal intubation. Differentiation from hookworm larvae is necessary. Eosinophilia is almost always present, except when immune suppression exists. A history of larva currens is suggestive of strongyloidosis and is enough to start treatment even if no larvae are found in the faeces. In hyperinfection larvae may be found in the sputum or in broncho-alveolar lavage fluid. The sputum must be regarded as infectious. If this sputum is cultured on blood agar, bacterial colonies can be seen which form a curvilinear pattern, reminiscent of a pearl necklace. This follows the migration of a larva on the agar plate, with translocation of the bacteria.

*

7.9.5 Intestinal nematodes: Strongyloides stercoralis, therapy

Thiabendazole was used in the past, but had many side effects. Albendazole is only moderately effective. Mebendazole is not active. Ivermectin XE "Ivermectin: intestinal nematodes: Strongyloides stercoralis, treatment"  is easy to use and effective and at present is the first line treatment. If immunosuppression is present, the cure rate with ivermectin is lower, certainly if cortisone has been taken. It should be mentioned that there are parenteral ivermectin formulations for veterinary use. They are not (as yet) registered for use in humans, but anecdotal case reports mention success with them. Cyclosporin A XE "Cyclosporin A: intestinal nematodes: Strongyloides stercoralis, treatment"  is an immunosuppressive agent, which among other indications is used for transplant patients. It has an anthelmintic action on Strongyloides stercoralis. Transplant patients who take cyclosporin A have a greatly reduced risk of Strongyloides hyperinfection. In hyperinfection it is important not to forget to use antibiotics, in view of the risk of severe septicaemia.

*

7.10 Pruritus caused by worms

Cutaneous larva migrans: Some larvae from animal worms may penetrate human skin, but do not migrate deeper to the underlying tissues and organs. Their cycle thus reaches a dead end in the skin. Examples are the hookworms of dogs and cats (Ancylostoma braziliense, Ancylostoma caninum) and animal Strongyloides species. The migration of these larvae causes very itchy red lines on the skin, which slowly move about (i.e. creeping eruption). A single oral administration of 12 mg of ivermectin is effective. 

· In rare cases, skin lesions and swelling may be produced by cutaneous sparganosis (larvae of Spirometra tapeworms), subcutaneous myiasis and ectopic trematode larvae (e.g. Paragonimus). Gnathostoma are nematodes which live in the stomachs of dogs and cats as adult parasites. Various intermediate hosts are possible. Larvae do not cause an intestinal infection in humans, but a mobile subcutaneous swelling. Infections with these nematodes are serious because they may give rise to visceral and cerebral lesions. Neurological involvement (including eosinophilic meningo-encephalitis) is much more severe in such cases, than in infection with Angiostrongylus cantonesensis. In traditional Eastern folk medicine, a freshly killed frog is sometimes applied to a sore spot. Gnathostomiasis can ensue.

· Larva currens: See Strongyloides stercoralis infection. A fast-moving, urticarial, itching line on the skin.

· Ground itch: Ground itch is the brief local pruritic reaction caused by skin penetration of human hookworm larvae (the larvae do penetrate deeper). 

· Swimmers itch: Swimmers itch is the pruritus caused by penetration of the skin by cercariae from animal Schistosoma sp. (birds, etc.). Infection by human schistosomes can also cause transient itching.

· Gale filarienne: See onchocerciasis. Sometimes the lesions may mimic scabies (Fr. la gale = scabies). Mansonella streptocerca infection can also cause similar itching.

· Anal itch: Caused by Strongyloides infection or by oxyurids. Sometimes by moving Taenia saginata proglottids.

· Urticaria: Systemic urticarial reaction can be triggered by various helmiths. In some areas, anisakiasis is a common cause.

7.11 Intestinal nematodes: Capillaria philippinensis XE "Capillaria philippinensis: intestinal nematodes, Capillaria philippinensis" 
7.11.1 Intestinal nematodes: Capillaria philippinensis, summary

· Infections with Capillaria philippinensis are rare, but potentially fatal

· Transmission by eating infected fish

· Endogenous multiplication resulting in chronic malabsorption and diarrhoea
7.11.2 Intestinal nematodes: Capillaria philippinensis, life cycle

Capillaria philippinensis (synonym Calodium philippinensis, Aonchotheca philippinensis) is a nematode which causes severe infections. The parasite was discovered in 1960 in Luzon, an island in the Philippines. Subsequently is was also found in Thailand, Indonesia, Egypt, Japan, Taiwan, Korea and Iran. It is a parasite of fish-eating waterbirds. The infection occurs due to eating infected fish which live in fresh or brackish water. The larvae are found in the muscles of the fish. It is an intestinal nematode which has an intermediate host (most nematodes don’t). After developing to adult forms the parasites, which are 2 to 4 mm long, live in the mucosa of the small intestine. The worm is capable of multiplication in the human intestine (cf. Strongyloides). This phenomenon may lead to severe infection (high worm load) with chronic watery diarrhoea, malabsorption and cachexia. Ascites, pleural fluid and severe electrolyte imbalance including hypokalaemia may occur. The infection may sometimes be fatal. 

Do not confuse Capillaria philippinenisis with Capillaria hepatica XE "Capillaria hepatica: intestinal nematodes, Capillaria philippinensis" .

7.12 Capillaria philippinensis, diagnosis, treatment

Diagnosis is made by means of faecal examination. Every infection must be treated promptly with mebendazole XE "Mebendazole: intestinal nematodes, Capillaria philippinensis, treatment" , 200 mg x 2 per day for 20 days. Albendazole XE "Albendazole: intestinal nematodes, Capillaria philippinensis"  may also be used. Cooking fish prevents the infection. Eating raw fish, however, is a culinary habit in many Asiatic countries and this is difficult to change.

Tissue nematodes XE "Helminthiasis: tissue nematodes" 

 XE "Nematodes: helminthiasis, tissue nematodes" 
7.13 Tissue nematodes, Trichinella spiralis XE "Trichinella spiralis: tissue nematodes, Trichinella spiralis"  

7.13.1 Tissue nematodes, Trichinella spiralis, summary

· Trichinellosis = Trichinosis 
· Trichinella: adult worm in intestinal wall (not in the lumen), larvae in muscles and heart

· Transmission by eating infected meat, so there is never a free-living parasite  

· Hypereosinophilia, fever, muscle pain, oedema chiefly peri-orbital

· Faeces negative for parasites (no eggs); muscle biopsy positive

7.13.2 Tissue nematodes, Trichinella spiralis, general
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Trichinella spiralis is in fact a complex of three closely related worm species. They are morphologically identical, but differ in their host specificity and their biochemical characteristics. T. spiralis spiralis XE "Trichinella spiralis spiralis: tissue nematodes, Trichinella spiralis"  occurs in moderate regions and infects mainly pigs. T. spiralis nativa occurs in the polar regions (polar bear, walrus). These parasites are resistant to freezing which is important for meat storage. T. spiralis nelsoni XE "Trichinella spiralis nelsoni: tissue nematodes, Trichinella spiralis"  occurs in Africa and southern Europe with a reservoir in wild carnivores and wild pigs. T. britovi XE "Trichinella britovi: tissue nematodes, Trichinella spiralis"  and T. pseudospiralis XE "Trichinella pseudospiralis: tissue nematodes, Trichinella spiralis"  rarely cause infections. T. pseudospiralis can also infect some birds as well as mammals, unlike the other Trichinella species.

7.13.3 Tissue nematodes, Trichinella spiralis, historical aspects

In 1835 a man died of tuberculosis in St Bartholomew’s Hospital, London. Dr Paget, a first-year student, carried out the autopsy and observed fine hard white inclusions in the muscles. Similar inclusions had been observed by doctors from time to time in the past, but were attributed to commonplace muscle calcification, which quickly blunted the dissecting scalpel. Dr Paget inspected the lesions with a hand lens and quickly recognised their worm-like structure. The name “Trichina spiralis” was suggested. This name Trichina had already been given to a certain fly, however, and the name was later changed to “Trichinella”. The discovery of the parasite was published by the famous biologist and palaeontologist Richard Owen, at that time assistant conservator of the museum of the Royal College of Surgeons. In 1859 Rudolph Virchow carried out transmission experiments in which infected human muscle was fed to a healthy dog. After only 3 to 4 days adult Trichinella worms were found in the dog’s duodenum and jejunum.

7.13.4 Tissue nematodes, Trichinella spiralis, life cycle
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More than 100 species of mammals are susceptible to the infection. Infections with Trichinella spiralis affect chiefly carnivores and omnivores, although infection of horses has also been described. People become infected with this nematode by eating raw or insufficiently cooked infected meat, often pork or wild boar. The larvae of Trichinella spiralis which are in the meat develop in a few days into adult worms (2-4 mm) in the wall of the small intestine. There they lay larvae (100 (m). These spread via the bloodstream to various muscles, including the heart, where they undergo encapsulation [Trichinella pseudospiralis XE "Trichinella pseudospiralis: tissue nematodes, Trichinella spiralis"  does not form a capsule]. The larvae cannot continue to survive in the heart. The larvae are localised within the cells of the muscles, which is unique for a worm. After penetrating the muscle cell, a larva excretes a number of signal molecules and proteins, which convert the cell to what is called a nurse cell. In the cell the behaviour of the worm is rather similar to that of a virus. Many of its proteins are glycosylated and often carry an unusual sugar (tyvelose). These proteins are excreted from a special organ in the larva (the stichosome). Various muscle proteins such as actin and myosin change or disappear, nuclear division is stimulated and mitochondria are damaged. Local angiogenesis is stimulated by excretion of a blood vessel growth factor and new blood vessels, originating from nearby venules, develop and form a network around the infected cell. The metabolism of the nurse cell and the parasite is essentially anaerobic. After 1 to 4 months the adult worms die. The larvae in the muscles sometimes survive for years and can remain viable for a long time even in rotting flesh. Trichinella is unique among worms in that all development stages take place in the same host. There is never a free stage outside the mammalian body. 

7.13.5 Tissue nematodes, Trichinella spiralis, symptoms

Infection may be asymptomatic. In typical cases there is diarrhoea, abdominal pain, vomiting and fever a few days after eating infected meat. After 10 days the fever increases, the patient is very ill and debilitated, there are muscle pains and a typical peri-orbital oedema (differential diagnosis acute trypanosomiasis and nephrosis). This oedema is caused by invasion of the small muscles around the eye. There may be signs of myocarditis, encephalitis, urticaria and asthma. There is often very significant eosinophilia. The myositis causes an increase in the muscle enzymes (creatine phosphokinase, CK). After a few months the symptoms are reduced or disappear. Mild infections are self-limiting. 

7.13.6 Tissue nematodes, Trichinella spiralis, diagnosis
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The clinical picture is of a patient with acute fever and myalgia, pronounced asthenia, possibly diarrhoea and a swollen face. Cardiopulmonary, neurological or renal complications may be fatal. The consumption of insufficiently cooked or raw meat can often be found in the patient’s history, and this is often game that the patient has hunted or which has been shot by a friend (e.g. wild boar). Sometimes the infection can be traced to infected horsemeat. There is leukocytosis with eosinophilia. Muscle biopsy should be performed. The larvae can be seen coiled inside myocytes. There are various serological techniques (e.g. Western blotting) for subtyping Trichinella species. Remember that there will be no eggs in the faeces. 

7.13.7 Tissue nematodes, Trichinella spiralis, differential diagnosis

Not many nematodes are found in muscle tissue. Occasionally a migrating third stage larva of Ancylostoma, Toxocara or Gnathostoma may be found (visceral larva migrans). Dracuncula medinensis may also be found in muscle tissue. Another, less common nematode which may be found here is Haycocknema perplexum (Tasmania). 

7.13.8 Tissue nematodes, Trichinella spiralis, therapy

In the early stage albendazole XE "Albendazole: tissue nematodes, Trichinella spiralis, treatment"  or mebendazole XE "Mebendazole: tissue nematodes, Trichinella spiralis"  at high doses can eradicate adult worms in the intestine. Mebendazole is used in combination with corticoids. Albendazole 800 mg daily for 10 days may be used, in combination with high-dose prednisone for the first three days. With treatment the duration of the disease may be reduced to one or two weeks.

7.13.9 Tissue nematodes, Trichinella spiralis, prevention

· Meat should be well boiled or roasted through.

· Importance of meat inspection. The diaphragm of a slaughtered animal is inspected (the piece of muscle is flattened between two glass slides and examined using transillumination). This technique (trichinoscopy) is not so good for Trichinella pseudospiralis because it is not surrounded by a capsule and is easily missed.

· Pig food (which may include infected rats) should be boiled for 30 minutes.

· To store pork for 10 days at -25(C is generally impractical in developing countries. In the West meat is sometimes irradiated with high doses of gamma rays, which will kill any larvae. Trichinella spiralis nativa is cold-hardy.

8 Cestodes – Tapeworms XE "Helminthiasis: cestodes – Tapeworms" 

 XE "Cestodes: helminthiasis" 
8.1 Cestodes: taeniasis

8.1.1 Cestodes: taeniasis, summary

·  XE "Taenia solium: cestodes, taeniasis" Faeco-oral infection via human faeces containing Taenia solium eggs results in cysticercosis: epilepsy, subcutaneous nodules, located in muscles

·  XE "Taenia solium: cestodes, taeniasis" Infection with Taenia solium larvae present in pork results in an adult intestinal worm: vague abdominal symptoms or asymptomatic

· Taenia saginata XE "Taenia saginata: cestodes, taeniasis" : infection only via beef with larvae, resulting in an adult intestinal worm

· Taenia asiatica : resembles Taenia saginata, but is transmitted via pigs. No cysticercosis in humans.

8.1.2 Cestodes: taeniasis, life cycle

Eating insufficiently cooked beef (Taenia saginata) or pork (T. solium) infected with bladder worms (cysticerci = larval taenia) leads to infection with adult tapeworms. Humans are the natural final host and the only carriers of these cestodes, and thus also the only distributors of their eggs. The adult worms live in the small intestine and are several metres long. The prepatent period is approximately 3 months. 

*

A third species of human Taenia has been described in Asia (Taenia asiatica XE "Taenia asiatica: cestodes, taeniasis"  or T. taiwanensis XE "Taenia taiwanensis: cestodes, taeniasis" ). The clinical importance of this has still to be determined. At present insufficient is known about T. asiatica. The adult worm is morphologically very similar to T. saginata. The life cycle of this cestode is different, however. Unlike T. saginata, which causes infections in the skeletal muscles of cattle, T. asiatica affects the liver, omentum, serosa and lungs of pigs. At present, Taenia asiatica does not seem to cause neurocysticercosis in humans, but more study is needed.

*

Occurrence of taeniasis in humans was traditionally linked to the domestication of the intermediary hosts, cattle (Bos sp) and swine (Sus scrofa). This would have led to the appearance of these infections in humans not more than 10,000 years ago. However, an alternative hypothesis states that hominids became hosts for Taenia prior to the origin of modern humans, and therefore much earlier than the domestication of bovids and suids. This hypothesis states that hominids in Africa who scavenged or preyed upon the normal prey of hyenas and lions (e.g. antelope and other bovids), were exposed to Taenia tapeworms that were using hyenids, canids and felids as definite hosts and bovids and intermediate hosts (i.e. hominids were colonised by tapeworms of african carnivores).
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8.1.3 Cestodes: taeniasis, symptoms due to infection with an adult worm

Most carriers of adult worms are asymptomatic. Some people present various abdominal complaints. The loose segments of T. saginata (not of T. solium) may actively creep outside through the anus, and cause local discomfort. Each segment contains approximately 60,000 eggs. Taenia may have a role in malnutrition (5 to 7 cm of worm has to be produced every day, for which food is needed), but only if there are also other reasons for malnutrition. Note that while many humans can carry T. solium adult worms without any apparent effect, these people are the only source of eggs. When ingested, these eggs can produce larvae both in the natural host and in humans. The larvae are the cause of cysticercosis in both pig and human. Human-to-human transmission can therefore take place so that cysticercosis can occur in people who do not eat pork or who have no pigs in their surroundings.

8.1.4 Cestodes: taeniasis, diagnosis of infection with an adult worm.

Finding proglottids in the faeces, or a history of motile proglottids crawling out of the anus is important. Eggs are sometimes found in the stools. The eggs are sticky and easily get onto the peri-anal skin. They can be detected in the peri-anal region with a Scotch tape test. There is no morphological difference between the eggs of T. saginata and those of T. solium. Differentiation can be made by the proglottids: a uterus with 10 branches or less in the dangerous T. solium and a highly branched uterus (12 or more) in the harmless T. saginata. Taenia antigens may be found in the faeces. Only rarely can the tapeworm’s head be discovered. The undamaged scolex of T. solium bears two rows of hooks (from which the name “solium” comes, which refers to a radiating sun; L. sol = sun). The scolex of T. saginata is hookless. However, dysmorphic tape worms are sometimes encountered.

8.1.5 Cestodes: taeniasis, treatment

Niclosamide XE "Niclosamide: cestodes, taeniasis, treatment"  (Yomesan®) 4 tablets each of 500 mg will be taken together and chewed well. If the patient should vomit there is a theoretical risk that T. solium eggs will pass back into the stomach, activate and subsequently give rise to cysticercosis. For this reason it is advisable to also administer an antiemetic. Praziquantel XE "Praziquantel: cestodes, taeniasis"  (Biltricide®) is also very effective, but more expensive. Praziquantel can sometimes provoke complications -such as sudden neurological symptoms-  should cysticerci be present in the brain.

8.2 Cestodes: cysticercosis

8.2.1 Cestodes: cysticercosis, summary

· Infection by T. solium XE "Taenia solium: cestodes, cysticercosis"  eggs followed by development of cysticerca (= larvae) in the body. 

· Symptoms depending on localisation of the larvae.

· Neurocysticercosis with epilepsy is a common complication.

8.2.2 Cestodes: cysticercosis, general

Cysticercosis was known in ancient days. Aristotle compared the larvae to “hailstones”. The association with T. solium was confirmed in 1855 by Kuchenmeister. He gave infected pork to a criminal who had been condemned to death. After the execution he found an adult tapeworm in the man’s intestine. At the same time Van Beneden showed in Belgium that pigs which were given T. solium eggs to eat, developed cysticercosis. At the end of the 19th century cysticercosis was still occurring frequently in Europe. At that time cysticercosis was found in 2% of the autopsies in Berlin. Nowadays the disease has virtually disappeared in the West. There are still occasional imported cases. The disease occurs in regions where pigs are kept and eaten (thus not in Muslim regions). In many poor areas pigs are not kept in a pigsty, but run about in the open. This is encouraged in some areas, so that the animals function as a kind of free waste-disposal system. These are generally also places where the sanitary facilities are inadequate. The animals can become infected from human faeces via coprophagy. Insufficient meat control is an important risk factor in endemic regions. Not cooking meat through is another risk factor. Cases of cysticercosis in non-endemic regions may sometimes occur via infection from the carriers of adult worms who have come from endemic regions. If these infected migrants are employed in a household they may cause infections in their new surroundings (e.g. Mexican women who go to work in households in the USA).
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8.2.3 Cestodes: cysticercosis, development

When larval Taenia solium infect a human they develop into an adult tapeworm. In contrast, if the eggs of Taenia solium are swallowed (food or water infected with human faeces) the larvae (oncospheres) which emerge from them penetrate the intestinal wall and spread throughout the whole body via the blood stream. Therefore note that cysticercosis is caused by infected human faeces and not directly by eating insufficiently cooked pork. People with cysticercosis do not necessarily have an adult tapeworm. Auto-infection in humans infected with an adult Taenia solium, is a possibility, however. In approximately 40% of people with cysticercosis an adult worm is found in the intestinal tract. The larvae migrate to various tissues and within 2 months convert into what are known as bladder worms (cysticerci). The typical bladder worm is a small ellipsoidal bag measuring 5-15 mm surrouded by a white translucent membrane. This bag contains clear fluid and a single round head, the protoscolex. When the cysticerci die off they are absorbed or encapsulated and calcify. Each egg produces 1 cysticercus. Larval multiplication does not occur. 

*

Cysticerci which are present in pork, evaginate normally in the human intestine to then grow to full adult worms. Evagination is also possible, (but rare) in the human eye and intraventricular evagination may occur in the brain. These are sites where no inflammatory capsule is formed around the parasite. Evagination does not occur in the muscles or in the cerebral parenchyma.

8.2.4 Cestodes: cysticercosis, symptoms

Symptoms vary greatly, depending on the location of the cysticerci and the immune response of the individual. Small cysts may be found in the muscles, subcutis, eyes and in other tissues. They appear as small nodules (5-10 mm). Sometimes they are much larger (e.g. 30 mm). In neurocysticercosis there are parenchymatous, subarachnoidal, intraventricular, spinal and ocular forms. Racemose cysticercosis is an aberrant development form of the parasite similar to a bunch of grapes. If such a lesion is situated at the base of the brain, it often triggers fibrosis.

*

Live cysticerci in the central nervous system often cause remarkably few symptoms. Sometimes they may trigger a severe inflammatory response within a few days, which can be fatal. When the parasites degenerate there may be focal encephalitis and oedema. In the brain they often cause late-onset epilepsy (common in Mexico and South America). Intraventricular cysts may cause obstructive hydrocephalus. Mixed locations (parenchymatous + meningeal) are common, but spinal localisation is rare. Chronic meningitis, paralysis of cranial nerves, spinal cord lesions and mass effects may occur. These neurological problems may be acute or delayed forms. Focal calcifications are detectable 8 months to 10 years after infection. Larvae cannot be regarded as dead, unless the lesion is completely calcified. 

*

Symptoms of neurocysticercosis

Headache 

(23-98%)

Meningism 

(29-33%)

Papilloedema
(48-84%)

Convulsions
(37-92%)

Abnormal mental state
(74-80%)

Focal deficits (motor and/or sensory)
(3-36%)

Ataxia 
( 5-24%)

Myelopathy
( <1%)

Cerebral nerve defect
( 1-36%)

Visual disturbances
( 5-34%)

8.2.5 Cestodes: cysticercosis, diagnosis

Diagnosis is made by means of excision of skin nodules or by using serological techniques, including antigen detection. Antibody and antigen detection may be carried out on cerebrospinal fluid as well as serum, but are often negative if only one or two lesions are present. Lesions can be demonstrated by radiology, such as radiography targetting the soft tissues (shoulder and thigh muscles) and X-ray of the skull. In muscles, the calcified cysts tend to be elongated ovals. MRI scanning of the brain is clearly superior to CT from a diagnostic point of view. Living cysticerci are seen on a CT scan as hypodense lesions which are not enhanced by IV contrast. Degenerating cysticerci are sometimes isodense or hyperdense with an oedematous ring-shaped zone which can be enhanced by IV contrast. They may disappear within 3 months. Sometimes the diagnosis can only be made by stereotactic brain biopsy. The parasite is often surrounded by an inflammatory infiltrate with plasma cells. Immunoglobulins may accumulate in the cytoplasm of reactive plasma cells, and form prominent eosinophilic inclusions (Russell bodies). They are however not specific for cysticercosis.

8.2.6 Cestodes: cysticercosis, differential diagnosis

 Differential diagnosis of unifocal intracranial calcification

· Physiological: pineal gland, choroid plexus calcifications

· Inflammatory: sarcoidosis, Systemic lupus erythematosus
· Traumatic: after contusion of the brain with accompanying encephalomalacia.

· Neoplastic: glioma, metastasis, chordoma, low-grade astrocytoma, oligodendroglioma and dysembryoplastic neuro-epithelial tumours. Often there is no oedema, nor mass effect or peripheral staining in contrast-enhanced CT. On MRI the lesions are usually typically heterogeneous, unlike their appearance on CT scan.

· Benign lesions: lipoma, teratoma, dermoid cyst, meningioma, craniopharyngoma.

· Vascular: arteriosclerosis (carotid siphon), aneurysm, old infarct, chronic subdural haematoma. Arteriovenous malformations occur in Sturge-Weber syndrome and other forms of phacomatosis, and also apart from these. Hamartomas are generally accompanied by cortical dysplasia. Calcified telangiectasia occurs chiefly at the brain stem. Venous angiomas are linear or star-shaped and rarely calcify. Cavernous haemangiomas occur in 0.5% of the general population. They are heterogeneous with a hyperintense centre and hypo-intense outer edge. They often contain haemoglobin breakdown products from earlier haemorrhages.

· Infections: after pyogenic abscess, syphilis, tuberculoma, tuberculous meningitis, cysticercosis, toxoplasma (HIV), deep mycosis, schistosomiasis, paragonomiasis. 

· Extracerebral: calcified sebaceous cyst, osteoma of the skull, foreign body

 Differential diagnosis of multifocal intracranial calcifications

· Infections: Toxoplasmosis, CMV [cytomegalovirus], rubella, cysticercosis, hydatid cyst, tuberculoma, deep mycoses (cryptococcosis, histoplasmosis, coccidioidomycosis, blastomycosis). Residual lesions from viral encephalitis (herpes, CMV) may also calcify.

· Metabolic: hypoparathyroidism (check for low calcaemia, high phosphataemia and chronic tetany)

· Toxic: lead, after CO intoxication

· Tuberous sclerosis (Bourneville disease). Check for adenoma sebaceum [angiofibroma] and retinal hamartoma.

*

 Differential diagnosis of cerebral ring-shaped lesion

There are a great number of causes of ring-shaped lesions in the brain. If a lesion on a CT scan or gadolinium-enhanced MRI exhibits peripheral contrast staining, this indicates a breakdown of the blood brain barrier. It is also important to observe whether these lesions are hypodense, isodense or hyperdense in comparison to normal brain tissue and whether there is surrounding oedema. In an endemic region a solitary lesion should always be assumed to be neurocysticercosis. Glioma, with cystic degeneration, lymphoma and metastases, may present significant diagnostic problems. Sometimes a brain biopsy is necessary. Granulomata due to tuberculosis or cryptococcosis, abscesses including lesions resulting from septic emboli due to endocarditis (valvular damage, congenital heart disease) or due to direct spread from a paracerebral focus (ear, nose, sinus, bone, or after trauma) or amoebiasis, syphilitic gummas and cerebral toxoplasmosis, hydatid cyst, ectopic worms (Paragonimus, Schistosoma), haematoma or lesions resulting from contusion, may be considered in a differential diagnosis. Finally, there are some demyelinating diseases which sometimes cause such lesions.

8.2.7 Cestodes: cysticercosis, treatment

Therapy is based on administration of praziquantel XE "Praziquantel: cestodes, cysticercosis, treatment"  (50 mg/kg/day) or albendazole XE "Albendazole: cestodes, cysticercosis, treatment"  (15 mg/kg/day) for 2 weeks. When the bladder worms die off they cause a local tissue reaction. If they are localized in the brain, neurological symptoms may be exacerbated (generally on the 2nd to 4th day of treatment). This effect is diminished by starting dexamethasone 1 day before the other drugs. Albendazole does not interfere with carbamazepine (Tegretol®) or phenytoin (Diphantoine®). Corticosteroids reduce the blood level of praziquantel and increase that of albendazole, but this is probably of no clinical importance. Recently the benefit of medicinal therapy has been questioned. Probably many patients with infections recover spontaneously. When treating neurocysticercosis, it is important to know beforehand whether there are intra-ocular lesions. Degeneration of a cysticercus in the retina, together with accompanying inflammation, may lead to acute blindness. Surgical removal via vitrectomy should be considered, but such a procedure is not without risk. Sometimes neurosurgery is necessary, e.g. in cases of intracerebral obstruction and hydrocephalus. Cysts situated in the cerebral parenchyma are more susceptible to medication than those with an intraventricular location. Sometimes a ventriculoperitoneal shunt must be inserted in obstructive hydrocephalus. Shunt blockage is common if the cerebrospinal fluid contains large amounts of protein.

*

In focal or generalised epilepsy valproic acid (Depakine®), carbamazepine (Tegretol®), phenytoin (= diphantoin, diphenylhydantoin), phenobarbital or primidone (Mysoline®, phenobarbital precursor) may be used. It is worthwhile to make oneself familiar with the properties and side effects of these drugs. In principle, monotherapy is preferable. The posology may be chosen using determination of the plasma level but in practice this will usually not be possible. Clinical evaluation is sufficient in these cases. Felbamate, lamotrigine and vigabatrin will seldom be available. For most anti-epileptic agents teratogenicity may be assumed. The risk of congenital abnormalities is approximately three times higher (more if medication is combined); this includes major malformations, delayed growth and hypoplasia of the face and the fingers (known as anticonvulsant embryopathy). At the beginning of therapy transient toxic effects such as dizziness, ataxia, headache and nausea may occur. Generally gradual tolerance develops. Skin rash may be mild or severe. A rule of thumb for the duration of therapy is that the medication should be given until 2 years after the last attack. Afterwards, a reduction in the treatment may be considered. About 90% of the epileptic relapses occur within the first year. During an insult or status epilepticus IV diazepam, IV phenytoin or IV/IM phosphenytoin (a precursor of phenytoin) is used.

· Valproic acid XE "Valproic acid: cestodes, cysticercosis, treatment" : recommended dose for adults is 900-1800 mg daily. Side effects are hair loss, gastro-intestinal (nausea, vomiting, diarrhoea), liver disorders with or without coagulation disorders and thrombocytopenia. Generally the drug of first choice.

· Carbamazepine XE "Carbamazepine: cestodes, cysticercosis, treatment" : recommended starting dose for adults is 200 mg, gradually increased to 800-1200 mg daily. Anticholinergic phenomena such as accomodation problems, dry mouth, difficult miction and sometimes severe allergy can occur. Carbamazepine is a liver enzyme inducer (less effective oral contraception, hypovitaminosis D). 

· Phenytoin XE "Phenytoin: cestodes, cysticercosis, treatment" : recommended dose for adults is 100-200 mg daily. Adverse effects upon the cerebellum include ataxia, nystagmus and dysarthria, sometimes tremor. Hypertrophy of the gums may occur on long-term administration. Hypertrichosis can occur. Sometimes megaloblastic anaemia will develop if no extra folic acid is given. It is a liver enzyme inducer.

· Phenobarbital XE "Phenobarbital: cestodes, cysticercosis, treatment" : recommended dose for adults is 100-200 mg daily. Significant sedating effect and sometimes development of character disturbance in the long run. It is a well known liver enzyme inducer. Ataxia and diplopia may occur.

8.3 Cestodes: cysticercosis, prevention

Since humans are the only reservoir for adult T. solium the disease can be controlled by improved sanitation and hygiene, in particular by controlling pollution with human faeces. Human carriers should be treated. To reduce the number of carriers of Taenia solium, proper statutory meat inspection should be carried out. Furthermore, meat should be heated to above 56(C or stored for at least 10 days at -10(C (requiring a freezer). Eating raw or insufficiently cooked pork should be discouraged. If there is a patient with cysticercosis, it is best to investigate whether the patient, close family members, domestic staff and friends are carriers of adult T. solium and constitute a possible source. A faecal examination and an antigen-capture ELISA test are used for screening. If positive, a CT scan of the brain is carried out (detection of cysts in the brain). Pigs can be treated with a single administration of oxfendazole, a benzimidazole. There should be a strong recommendation that pigs not be allowed to run free. They are coprophagic. If humans do not compost their faeces, but use them directly as pig fodder or on the fields, the animals will become infected. Composting kills the eggs. Washing hands with soap after using the toilet should be encouraged. Parasitic infections in which faeces play a part, are a taboo subject in some communities. A control programme needs to take account of this. 

8.4 Cestodes: echinococcosis or hydatid cysts

8.4.1 Cestodes: echinococcosis, summary

· Infection from eggs in dog faeces.

· Larvae form large cysts with internal daughter cysts.

· Cysts in the liver and lungs, rarely in other organs.

· Often asymptomatic, sometimes symptoms due to pressure upon surrounding organs.

· Risk of rupture with anaphylaxis or dissemination.
8.4.2 Cestodes: echinococcosis, general

Echinococcus granulosus XE "Echinococcus granulosus: cestodes, echinococcosis or hydatid cysts"  is a small tapeworm (a few mm long) which infects dogs and other canines. Its distribution is world-wide. In some regions the problem is very important such as North Kenya around Lake Turkana and Kyrgyzstan and the surrounding central Asiatic republics. Various animals (sheep, goats, cattle, pigs) may become infected with the eggs in dog faeces. In the animal’s intestine the larva (called an oncosphere) emerges from the egg. It penetrates the intestinal wall and is carried by the venous blood towards the portal vein. After development of the parasite, hydatid cysts are formed in internal organs. The cycle is completed when a dog has the opportunity to eat offal containing hydatid cysts. In the dog’s intestine adult E. granulosus then develop, after which egg laying can begin. Each hydatid cyst leads to multiple adult worms.

*

Humans are accidental hosts. If humans take water or food contaminated by dog faeces, they will develop one or more hydatid cysts. The cyst contains fluid and daughter cysts and is known as a hydatid cyst (Gr. hydatis = drop of water). On the inside of each cyst is a germinal membrane. From this membrane countless protoscolices (small heads) develop. There is thus multiplication at the larval stage. A capsule of connective tissue is formed around the cyst. This capsule consists of the cyst wall together with the germinal membrane. The majority of cysts are found in the liver and lungs, but other locations are also possible (brain, bones, spleen, kidneys). These are often continuously growing cysts, which may produce pressure on surrounding organs, may rupture or die off and calcify. When the parasite has died and disintegrated the hooks which were situated at the former heads remain in the sandy fluid of the dead cyst, and these can be seen under a microscope. This is useful if there is doubt concerning the nature of a cystic lesion.

8.4.3 Cestodes: echinococcosis, symptoms

Humans are generally infected faeco-orally during childhood. The cysts grow very slowly, about 1 to 2 cm per year. The carrier may remain asymptomatic for a long time. There may be mechanical consequences. Pressure on surrounding organs leads to various symptoms and complaints. Hepatic cysts may lead to an enlarged liver with local discomfort, obstructive icterus with or without cholangitis. If localisation is in the central nervous system this produces symptoms of a brain tumour, epilepsy, compression of the spinal cord or brain stem and even eosinophilic meningitis if there is spillage. Beware of dissemination of the infection if a shunt is inserted (e.g. ventriculoperitoneal shunt) before the diagnosis is certain. If situated in the skeleton there is often bone pain, sometimes with fractures. This has to be differentiated from ordinary bone cysts or tumors.  Lung cysts are usually asymptomatic, but sometimes there is a cough and thoracic discomfort. Renal cysts are sometimes found by chance and may cause unilateral kidney destruction. It is not always easy yo distinguish them from a hypernephroma. Allergic reactions may also occur, such as urticaria, bronchospasm, anaphylactic shock after rupture of a cyst (which may be spontaneous, after trauma or during surgery). After rupture there may be dissemination of the protoscolices in the peritoneum or pleura. Mechanical aspiration of a cyst may sometimes lead to rupture with allergic shock and dissemination. If dissemination has occurred or is suspected, albendazole or praziquantel should be given.

8.4.4 Cestodes: echinococcosis, diagnosis
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Plain X-ray of the abdomen (crescentic calcifications), X-ray of the lungs or CT scan. Ultrasound of the liver shows a round or oval hypodense zone with retro-acoustic intensification. The cyst can contain septa or daughter cysts. The wall may appear split (the endocyst separated from the pericyst) or it may be partially or completely calcified. Sometimes the cyst appears heterogeneous and produces a pseudo-tumourous image. Sometimes the diagnosis is made during surgery. In case of doubt as to the nature of a cystic mass, the content of the lesions may be examined for the presence of hydatid sand or the presence of the typical small hooks which remain after the protoscolices degenerate. Serology may be negative in the case of well encapsulated liver cysts and lung cysts. Sometimes the serology is positive or the titre increases during treatment due to leakage of the cyst content and release of antigen which cause the immune response to increase.

*

Ultrasound

Various types of cysts can be identified by ultrasound. The following signs are regarded as pathognomonic for echinococcosis: 

· Unilocular, anechogenic round or oval lesions with a pronounced laminated membrane or with snow-like inclusions.

· multivesicular cysts or cysts with multiple septa with a wheel-like appearance.

· unilocular cysts with daughter cysts which may exhibit a honeycomb appearance.

· cysts with floating laminated membranes which may also contain daughter cysts.

8.4.5 Cestodes: echinococcosis, differential diagnosis

Benign and malignant cystic tumours may look very similar to a hydatid cyst, in both the liver (cystadenoma) and the kidneys (cystic hypernephroma) as well as in other organs. Normal solitary cysts are high on the list of the differential diagnosis. A calcified haematoma may also produce diagnostic problems. Differentiating hydatid cysts from calcified polycystic kidneys is quite easy.

8.4.6 Cestodes: echinococcosis, therapy

1. Waiting. Many cysts remain stable, calcify or even involute spontaneously. Small, calcified cysts in the elderly can usually be left untreated.

*

2. Surgery. Pericystectomy or partial liver resection. Sometimes what is known as the "frozen-seal" method is applied. Using liquid nitrogen, a funnel is frozen onto the liver capsule to prevent accidental spillage. The liver is opened and the cyst content evacuated. During the operation, lavage is carried out with a scolicidal agent. Surgery is the treatment of first choice for large cysts (> 10 cm), if there is superinfection or communication with the biliary tract. For extrahepatic cysts, surgery is always the treatment of first choice. Albendazole and/or praziquantel are administered pre-operatively. Post-operative complications are not unusual.

*
3. Medication. Mebendazole is no longer used. Long-term therapy with albendazole (e.g. 800 mg daily for 9 months) is sometimes used. Previously this was given in cycles, but nowadays the medicament is administered daily without interruption. The efficacy of medicinal therapy varies greatly and clearly leaves much to be desired. Higher levels of albendazole sulphoxide (ricobendazole), the chief active metabolite, may be obtained by higher dosage, ingestion with a fatty meal, or by combination with praziquantel or cimetidine [cimetidine inhibits the breakdown of both albendazole and praziquantel]. Albendazole cannot be used during pregnancy. The combination albendazole with praziquantel is probably more effective than either drug alone.

*

4. PAIR. Percutaneous treatment with the PAIR technique (puncture-aspiration-injection-reaspiration). In centres where the necessary equipment is available, after detection of a cyst an endoscopic retrograde cholangiography is carried out. This permits determination of whether there is any communication between the cyst and the biliary tract. Under ultrasound or CT guidance the cyst is punctured transhepatically with a fine needle. The cystic pressure can be measured. Vital cysts have a pressure of 8-75 cm water. Dead cysts have a low pressure (0-2 cm water). Subsequently 10-15 ml of cystic fluid is aspirated. Live protoscolices are actively motile upon microscopic examination. Biochemical analysis of the fluid for the presence of bilirubin is carried out. If there is sufficient evidence of active echinococcosis, the remaining cystic fluid is aspirated, after which cystography follows with injection of 30% iodamidol (radiological contrast material). The high concentration of the contrast material itself has a limited scolicidal action. Afterwards a protoscolicidal agent is injected (generally 95% ethanol, sometimes also 0.5% cetrimide, 15-20% hypertonic salt or silver nitrate). As a guideline the amount injected should by 1/3 of the volume of the aspirated fluid. After 10 to 30 minutes the cyst content is then aspirated again. A blood test to determine the alcoholaemia is not necessary. The risk of rupture, dissemination or anaphylaxis is minimal if there is at least 1 cm (preferably 2 cm) between the liver capsule and the cyst wall. If there is a cyst-to-biliary tract fistula, the PAIR technique cannot be used due to the risk of sclerosing cholangitis. It is advisable to begin albendazole one week before and to continue administering this until 4 weeks after the procedure. Another alternative is to start 4 hours before the procedure, with the combination cimetidine and albendazole. Those who have no experience with PAIR are advised to leave this to an expert as the complication rate is quite high.

8.4.7 Cestodes: echinococcosis, prevention

· De-worm dogs and prevent them from eating offal. 

· Keep dogs out of slaughterhouses.

· The first results of a recombinant vaccine (EG95) administered to sheep and goats, are encouraging, and show protection of 83-100% for these animals.
8.4.8 Cestodes: echinococcosis, Echinococcus multilocularis XE "Echinococcus multilocularis : cestodes, echinococcosis" 
Echinococcus multilocularis or fox tapeworm is closely related to E. granulosus (dog tapeworm). The parasite occurs in the northern hemisphere, often in regions with a cold climate such as Alaska, the Alps, Siberia, north-west China and central Turkey. In recent years there has been an increase in the number of foxes in Europe (cf. rabies vaccination programmes). We can therefore expect an increase in multilocular echinococcosis in a few years’ time, as the incubation period is several years. The eggs of the parasite are cold-resistant. Transmission by sleigh dogs is known. Treatment of these draught animals with praziquantel reduces the transmission to humans. In the wild there is a cycle between canines (including fox, wolf, etc.) and various rodents, including mice. Domestic dogs and cats may also become infected. Humans become infected accidentally by faeco-oral transmission, e.g. by eating contaminated berries, or drinking water contaminated with fox faeces. After infection with eggs the larvae develop, resulting in alveolar hydatidosis of the liver and other organs. The cysts may calcify, but usually continue to grow slowly and constantly and are similar to a malignant growth. Metastasis may occur. There may be growth through to the diaphragm and into the inferior vena cava. Treatment is difficult (liver surgery, long-term therapy with anthelmintics). 

*

Classification

The lesions of alveolar echinococcosis may be classified according to the PIM system: 

P 
: Parasitic mass 

P0
no detectable tumour in the liver

P1
one lesion without intrahepatic vascular or biliary invasion

P2
one lesion with intrahepatic vascular or biliary invasion

or one lesion encompassing 3 or more liver segments without intrahepatic vascular or biliary invasion

P3
one lesion in 3 to 5 liver segments with intrahepatic vascular or biliary invasion

P4
one lesion in 6-8 liver segments or multiple lesions with intrahepatic vascular or biliary invasion

I 
: Involvement of adjacent organs

X
not evaluated

0
no regional invasion

1
regional invasion of one neighbouring organ or tissue

2
regional invasion of several neighbouring organs or tissues

M 
: Metastases

0
no metastases

1
metastasis in one organ

2
more than one metastasis in one organ

3
metastases in several organs

I
incomplete data

8.5 Cestodes: infections with other Echinococcus species

· E. vogeli XE "Echinococcus vogeli : cestodes, echinococcosis" is a rare South American tapeworm which can cause polycystic lesions in the liver or lungs. In the wild the cycle includes dogs and rodents. Humans are infected by swallowing an egg.

· E. oligarthrus XE "Echinococcus oligarthrus : cestodes, echinococcosis"  is a very rare cestode which occurs in Brazil and Venezuela. Intra-orbital and cardiac cysts have been described. Felis sp. are the normal hosts. Rodents are intermediate hosts. Humans are infected by swallowing an egg.

8.6 Cestodes: infections with various larval tapeworms

· Sparganosis is an infection by the larvae of some tapeworms of dogs and cats (Spirometra sp; syn. of certain Diphyllobothrium sp.). The larvae cause subcutaneous swellings, often migrating. Diagnosis is by biopsy. Eye lesions in Asia may be caused by Spirometra mansoni XE "Spirometra mansoni: cestodes, infections with various larval tapeworms" . S. mansonoides XE "Spirometra mansonoides: cestodes, infections with various larval tapeworms"  occurs in the New World and S. theileri XE "Spirometra cestodes, infections with various larval tapeworms"  (syn. S. pretoriesis) is found in East Africa. 

· Coenurosis is caused by an infection with a larval tapeworm (Multiceps multiceps XE "Multiceps multiceps: cestodes, infections with various larval tapeworms" ) of dogs with sheep, goats, horses and cattle as its intermediate hosts, and may sometimes become localised in the eye or the brain of humans. The consequences are often very serious. Similar lesions may occur due to infection with M. brauni.
9 Trematodes – Flukes XE "Helminthiasis: trematodes – flukes" 

 XE "Trematodes: helminthiasis, Trematodes – Flukes" 
9.1 Trematodes: introduction

The trematodes are flatworms which are of great importance in tropical pathology. They may affect various organs. They have at least two suckers, one oral and one ventral (Heterophyes has three). The oral sucker surrounds the mouth. The intestinal system has a blind ending. They have no blood circulation. Oxygen is absorbed by diffusion. The diffusion of oxygen is highly dependent on the distance to be covered and plays a part in determining the maximum thickness of the parasite. Most trematodes are hermaphrodites and thus possess both male and female genitalia. They have a cirrus (penis). The function of the Laurer canal is unclear, but it is probably a vestigial vagina. Cross-fertilisation and self-insemination are both possible. There are exceptions, e.g. schistosomes have separate sexes. After leaving the ovary, the eggs are fertilized and subsequently surrounded by yolk in the ootype (an extension of the vitelline duct). Secretions from the Mehlis gland are added to the egg. Several concentric eggshells are formed. The eggshells then undergo a chemical reaction, a kind of tanning process, which makes them tough and harder. In this way the egg acquires its typical form, and becomes more resistant to conditions in the outside world, which are often unfavourable.

9.2 Trematodes: general morphology

1. oral sucker

2. ventral sucker

3. pharynx

4. oesophagus

5. intestine

6. small excretory tubulus

7. collection tube

8. excretion bladder

9. excretory pore

10. testis

11. and 12. vas deferens

13. seminal vesicle

14. prostate

15. cirrus (ejaculation duct)

16. cirrus sac

17. genital pore

18. ovary

19. seminal receptacle

20. Laurer canal

21. ootype

22. Mehlis’ gland

23. uterus

24. yolk gland

25. common yolk channel

Blue 
 digestive system

Yellow
 excretory system

Green 
 male genital system

Red 
 female genital system

Black 
 yolk (vitellin) system
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9.3 Trematodes: general life cycle

The trematodes which are of importance in human pathology belong to the Digenea (Gr. di = two, generis = generation). This name refers to the obligatory change of host during the life cycle of the parasite. Details differ depending on the species of parasite. Eggs are produced by the adult parasite and arrive in the outside world via faeces or urine of the host. The eggs hatch, miracidia emerge and penetrate snails. There they change into sporocysts, rediae, possibly daughter rediae and cercariae (in schistosomes there are no rediae). Cercariae emerge from the snail, swim around and then penetrate the next intermediate host to form metacercariae. Cercariae from the Fasciolidae encyst on water plants. Cercariae from schistosomes penetrate the final host directly. Secondary intermediate hosts include fish, crabs, snails and insects. After they have been eaten by the final host the metacercariae grow into adult parasites. 

9.4 Trematodes: localisation

intestinal lumen
Large intestinal fluke (Fasciolopsis buski)


Small intestinal flukes (Metagonimus and Heterophyes)

lungs 
Lung fluke (Paragonimus)

bile ducts 
Large liver flukes (Fasciola hepatica and F. gigantica)


Small liver flukes (Opisthorchis, Clonorchis, Dicrocoelium)

blood vessels 
Blood flukes (Schistosoma sp.)

9.5 Trematodes: intestinal flukes

Various trematodes are found as adult worms in human intestines. Examples are Fasciolopsis buski, Metagonimus yokogawai, Heterophyes heterophyes, Echinostoma sp., Gastrodiscoides sp. Most infections are asymptomatic or provoke vague abdominal symptoms. Only in severe infestations (high worm load) are there likely to be signs of malabsorption. Eosinophilia is common. Diagnosis can only be made by examining the faeces for parasites. As a general rule most of these infections can easily be treated with praziquantel. 

9.6 Trematodes: lung flukes – Paragonimus sp.  XE "Paragonimus westermani: trematodes, lung flukes, Paragonimus westermani" 
9.6.1 Trematodes: Paragonimus sp., summary

· Transmission via eating infected crabs and crayfish

· Symptoms resembling pulmonary tuberculosis or chronic bronchitis

· Rarely located ectopically

· Diagnosis via detection of eggs in sputum

9.6.2 Trematodes: Paragonimus sp., general

The parasite occurs in Southeast Asia and the Far East, in Central and West Africa. In America its distribution is limited to Central America and the north of South America. Usually P. westermani is reported, but there are a number of other species which can cause infection in humans (Paragonimus africanus, P. bangkokensis, P. heterotremus, P. hueitungensis, P. kellicotti, P. mexicanus, P. miyazakii, P. ohirae, P. philippinensis, P. sadoensis, P. skrjabini, P. uterobilateralis).
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9.6.3 Trematodes: Paragonimus sp., life cycle

Adult worms live in the lungs. Eggs pass to the outside with the sputum. If sputum is swallowed, eggs may also be found in faeces. Once in the outside world and in water, miracidia (first-stage larvae) emerge from the eggs. They penetrate snails, where they undergo a transformation. After 3 to 5 months cercariae (second-stage larvae) leave the snail and penetrate crabs. Here the cercariae develop into metacercariae (third-stage larvae). It is this form which is infectious for the definitive host. Paragonomiasis is a zoonosis of carnivorous animals. Humans are only an exceptional host. They become infected by eating raw fresh-water crabs and river crayfish which contain infectious metacercariae. Excystation occurs in the duodenum. The larvae bore through the intestinal wall and migrate via the abdominal cavity to the lungs. There they develop into adult worms. The worms form a cavity 1 to 4 cm in diameter. Egg-laying begins 8 to 10 weeks after infection. The worms rarely migrate to ectopic sites.

9.6.4 Trematodes: Paragonimus sp., symptoms

Mild infections are asymptomatic. In the acute stage (invasion and migration of the larvae) there may be diarrhoea, abdominal pain, urticaria and eosinophilia. This is followed by fever, thoracic pain, cough, dyspnoea and malaise. The chronic illness resembles chronic bronchitis and TB. There is spasmodic cough (especially after exertion) with expectoration of blood stained sputum, as well as dyspnoea sometimes with wheezing and pleural pain. When the parasite is located in an ectopic site (brain, subcutis, etc.) the symptoms depend on the place where the worms are.

9.6.5 Trematodes: Paragonimus sp., diagnosis

Diagnosis is by detecting the eggs. The eggs often need to be concentrated (e.g. mix sputum + water + potassium hydroxide, then centrifuge and examine the sediment). Differential diagnosis includes tuberculosis of the lungs, pulmonary abscess, chronic bronchitis, melioidosis, lung carcinoma and lung metastases. If sputum is swallowed, eggs may also be found in the faeces.

9.6.6 Trematodes: Paragonimus sp., treatment

Praziquantel 75 mg/day for 3 days is very effective. In cases of cerebral localisation higher doses must be given but only under the protection of steroids due to the risk of epileptic fits secondary to perilesional oedema. 

9.7 Trematodes: liver flukes (biliary tract flukes)

9.7.1 Trematodes: liver flukes: summary

· Small liver flukes: eating infected fish leads to cholangitis, icterus, eosinophilia, cancer of the bile duct (Oriental liver fluke)

· Large liver flukes: eating contaminated plants leads to cholangitis, icterus, eosinophilia 
9.7.2 Trematodes: liver flukes, Clonorchis, Opisthorchis and Metorchis

Kabisa_1173.jpg 

Opisthorchis viverrini XE "Opisthorchis viverrini: trematodes, liver flukes"  and Clonorchis sinensis XE "Clonorchis sinensis: trematodes, liver flukes"  (= Opisthorchis sinensis) occur in Asia. Eggs eliminated with the bile and faeces are taken up by snails. After further development in these animals, they leave the mollusc and penetrate freshwater fish. Humans become infected by eating raw fish such as carp. After the larvae are released in the duodenum, they migrate directly via the main bile duct to the intrahepatic bile ducts. Thus there is no tissue passage. The parasites are approximately 1 to 2 cm long and can live for 20 years. Dogs and cats form a reservoir.

*

Another parasite which is found in North America is Metorchis conjunctus XE "Metorchis conjunctus: trematodes, liver flukes" . The eggs are very similar to those of Opisthorchis. Transmission of Metorchis conjunctus is via eating raw, infected fish (often Catastomus commersoni XE "Catastomus commersoni: trematodes, liver flukes" ). It is an important disorder in animals, for example among sleigh dogs in Canada and Alaska. 

*

There may or may not be symptoms, depending on the worm load and location of the worms. Intermittent pain may occur around the liver which is sometimes enlarged. If bacterial superinfection occurs, febrile suppurating cholangitis results. If impaction with obstruction of the main bile duct occurs, there will be progressive icterus. In long-existing cases of infestation with Clonorchis sinensis, secondary biliary cirrhosis and carcinoma of the bile duct (cholangiocarcinoma) may develop. This is much rarer, however, than primary liver carcinoma (hepatoma) due to chronic hepatitis B or C infection. The diagnosis is made by detecting eggs in the faeces. A concentration technique is necessary. However, if bile duct is obstructed, no eggs can be detected. Sometimes duodenal intubation is necessary (aspiration of bile containing eggs). Serology may be helpful. The treatment consists of praziquantel.

9.8 Trematodes: liver flukes: Fasciola hepatica and F. gigantica

9.8.1 Fasciola hepatica and F. gigantica, general
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Infection with these large liver flukes is quite wide-spread among animals. For example, Fasciola hepatica XE "Fasciola hepatica: trematodes, liver flukes"  causes liver rot in sheep. The encapsulated larvae (metacercariae) are found on all kinds of plants such as water cress (Nasturtium officinale XE "Nasturtium officinale: trematodes, liver flukes" ), Lamb’s lettuce, dandelions (Taraxacum officinale XE "Taraxacum officinale: trematodes, liver flukes" ), chinese water spinach (Ipomaea aquatica XE "Ipomaea aquatica: trematodes, liver flukes" , Pak Boong in Thai cookery). After infected plants have been consumed the larvae are released in the small intestine, migrate within the hour through the intestinal wall to the peritoneal cavity and then bore through the liver capsule about 5 days later. After further migration in the liver, they reach the bile duct after approximately 7 weeks and remain there, laying their eggs. These are transferred via the bile to the intestine, and then excreted with the faeces. A single liver fluke can lay up to 20,000 eggs a day but usually produces smaller numbers. It should be noted that fertilised eggs can be produced by a single liver fluke (they are hermaphroditic). Fasciola indica XE "Fasciola indica: trematodes, liver flukes"  is a rare cause of fasciolasis. Infection also takes place due to ingestion of water plants infected with metacercariae.

*

Various environmental factors such as temperature, humidity, light intensity, oxygen pressure and local pH are important for the further development of the parasite in the outside world. If the eggs remain in the faeces, they cannot undergo embryonation. They may, however, be released from faeces, for example by heavy rain, if faeces land directly in water or if they are trampled by animals. Eggs often remain viable for months and can overwinter. Survival for more than 2 years has been demonstrated at a temperature of 2°C. Fierce heat and drying out kills the eggs. At a temperature of approximately 25° C (the optimum temperature) eggs develop in about three weeks. There is much variation, however, in the rate at which eggs are released, which is an advantage to the parasite, since a particular habitat will remain infectious over longer periods. Under the influence of specific stimuli a 130 µm long larva (miracidium) emerges from the egg. This is covered with cilia and is immediately mobile in water. It can easily swim for hours. The larva has eye spots and is highly phototropic (it swims towards the light). This prevents the larva from wasting time and energy exploring the bottom of the pond, where the intermediate host (usually Lymnaea trunculata XE "Lymnaea trunculata: trematodes, liver flukes" ) is not to be found. This is unlike F. gigantica where the miracidium actively swims away from light to find L. natalensis XE "Lymnaea natalensis: trematodes, liver flukes" , which lives deeper down. If the larva does not find the correct snail within 24 hours its glycogen reserves are exhausted and the larva dies. If a miracidium arrives some 15 cm from a snail, there is pronounced chemotaxis and the larva swims directly to the host and penetrates it. The next development takes place within the snail. These snails can survive long periods of drought (via aestivation) and long-term cold (via hibernation). Inside the snail, the miracidium develops into a sporocyst and then into rediae, a stage named after the Italian physician Francesco Redi (1688). The rediae measure approximately 1-3 mm, are mobile and may cause significant damage in the snail (if the infection is severe the snail dies). After 4-7 weeks the first cercariae emerge from the rediae; they measure 250-350 µm and leave the snail. The cercariae swim around in the water, to encyst within 2 hours on particular plants. Each cercaria then changes into a metacercaria (plural metacercariae). Due to the amplification phase in the snail, a single egg can produce 4000 metacercariae. Metacercariae can survive for more than a year on pasture. They are destroyed by heat and drought (the effect of long hot summers).

9.8.2 Fasciola hepatica and F. gigantica, symptoms

Symptoms are present mainly during the migration period: fever, pain in the liver region, hepatomegaly, eosinophilia. After this period symptoms are generally mild or absent. Sometimes there is cholangitis. If raw goat’s or sheep’s liver is eaten, adult worms can sometimes attach to the throat, resulting in local irritation (halzoun).

9.8.3 Fasciola hepatica and F. gigantica, diagnosis
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The diagnosis is made by detecting the eggs in faeces or duodenal aspirate (eggs appear approximately 12 weeks after infection). Repeated specimens are often necessary in view of the small number of eggs which are produced daily. If an individual has eaten infected sheep’s liver, he/she can have eggs in the faeces, although no real infection occurs (spurious infection). Ultrasound or CT scan of the liver may show a clustering of hyporeflective or hypodense tunnels in the liver parenchyma (these are inflamed bile ducts). Sometimes it is possible to actually visualise the moving worms. Via laparoscopy, one can sometimes find slowly migrating worm tracts. The specificity of serology is lowered by cross-reactivity with other helminths. 

9.8.4 Fasciola hepatica and F. gigantica, differential diagnosis

In the differential diagnosis other disorders will be included which cause eosinophilia and hepatic lesions: other biliary tract flukes (Clonorchis, Opisthorchis, Dicrocoelium, Metorchus), schistosomiasis, Ascaris with ectopic migration into the bile duct, echinococcosis (with a leaking cyst), Strongyloides stercoralis hyperinfection, Capillaria hepatica, toxocariasis (visceral larva migrans). Sometimes, certain tumors may mimick fascioliasis.

9.8.5 Fasciola hepatica and F. gigantica, treatment
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The therapy is problematical at present. Praziquantel is not sufficiently active. Triclabendazole XE "Triclabendazole: Fasciola hepatica and F. gigantica, treatment"  (Fasinex®, Egaten®) 10 mg/kg taken in one dose together with a fatty meal is still experimental, but is becoming the treatment of choice. Triclabendazole-resistant F. hepatica strains are already known in cattle. Bithionol XE "Bithionol: Fasciola hepatica and F. gigantica, treatment" , 30-50 mg/kg every 48 hours to a total of 10-15 doses, is an old product which can be used as an alternative. Emetine and metronidazole have also been used as therapy. Nitazoxanide XE "Nitazoxanide: Fasciola hepatica and F. gigantica, treatment"  is a new drug. The dose is 500 mg BD for 1 week. Other drugs used in veterinary medicine include oxyclozanide XE "Oxyclozanide: Fasciola hepatica and F. gigantica, treatment"  (Zanil®), nitroxinil XE "Nitroxinil: Fasciola hepatica and F. gigantica, treatment"  (Dovenix®) and rafoxanide XE "Rafoxanide: Fasciola hepatica and F. gigantica, treatment" .

10 Other worm infections XE "Helminthiasis: other worm infections" 
10.1 Other worm infections: introduction

Some organisms only parasitise humans in exceptional situations. Generally the infection is due to a coincidence. Nevertheless, infection with a thorny-headed worm, for example, may have a fatal outcome. Some parasites only occur in certain well-defined geographical areas and are only of local importance. One example is oesophagostomiasis. Doctors in Europe will occasionally be asked about parasites. Often people say they have noticed “something” in their faeces or in their skin. Sometimes this is an actual infection, such as finding proglottids in underwear, cutaneous larva migrans or an accidental myiasis on a small wound. Alternatively, it may only be a pseudoparasite, e.g. an earthworm which arrived by accident on the place where faeces were deposited. This is quite different from parasitophobia, a persistent psychiatric disorder, in which sufferers are convinced that they are being besieged and attacked by various parasites, or that they are present in their immediate surroundings. Below is a check-list of organisms which have not been included in the chapters on worms, schistosomiasis or filariasis. A number of “unusual” worms sometimes make their homes in our bodies. Many of the following worms will be a once-in-a-lifetime event for most doctors.

10.2 Other Nematodes

10.2.1 Nematodes, Agamomermis sp. 

The nematodes Agamomermis hominis XE "Agamomermis hominis: helminthiasis, other nematodes"  oris and Agamomermis restiformis XE "Agamomermis restiformis: helminthiasis, other nematodes"  belong to the Mermithida. They are both pseudoparasites. No authentic infections in humans are known. In the wild there are several species of Mermithida which parasitise insects. For this reason related species are studied as part of vector control (e.g. Romanomermis sp XE "Romanomermis sp: helminthiasis, other nematodes" . to control mosquitoes and simulids).

10.2.2 Nematodes, Anatrichosoma cutaneum
The nematode Anatrichosoma cutaneum XE "Anatrichosoma cutaneum: helminthiasis, other nematodes"  belongs to the Trichuridae. The parasite is related to Trichuris trichiura. It usually infects monkeys (Macaca mulatta) where it is found, among other places, in the nose. Infections of humans are exceptional (e.g. cutaneous creeping eruption). One unusual feature of Anatrichosoma sp. is that the male parasites, although they are just as long as the female worms, are extremely thin. During copulation the male pushes its rear part, sometimes half of its body, into the female. 

10.2.3 Nematodes, Angiostrongylus sp.

For Angiostrongylus sp. XE "Angiostrongylus sp. : helminthiasis, other nematodes" , see Parastrongylus.

There are two important species : Angiostrongylus cantonensis (provokes eosinophilic meningitis) and Angiostrongylus costaricensis (appendicitis-like syndrome). 

Angiostrongylus cantonensis: General

In 1938, Angiostrongylus cantonensis was discovered in rat lungs by Chen in Canton, China. Recently, the taxonomical position of the worm as changed and A. cantonensis has been transferred to the genus Parastrongylus, but in this text we will continue to use the generic name Angiostrongylus. Infection with A. cantonensis is the most common etiology of eosinophilic meningitis. Do not confuse this with disease resulting from infection with Angiostrongylus costaricensis. Angiostrongyliasis occurs primarily in Southeast Asia, throughout the Pacific Bassin, including Hawaii, Indonesia, Philippines, Japan and Papua New Guinea, but also in several Caribbean nations (Bahamas, Cuba, Puerto Rico, Dominican Republic, Jamaica). Few cases were discovered in Ivory Coast and Egypt, Madagaskar, Mayotte and Reunion Island. There was even one described case in North America. A large percentage of the rats in New Orleans were found to be infected with Angiostrongylus cantonensis. Occasionally, small outbreaks occur. 

*

Angiostrongylus cantonensis: Life cycle and transmission
In the rat, the first-stage larvae migrate to the brain and mature to the adult stage. The young adult worms migrate to the surface of the brain and penetrate the venous system to reach their final destination in the pulmonary arteries of the rat. After mating, eggs deposited by female worms hatch in small branches of the pulmonary arteries. The first-stage larvae enter the bronchial lumen and pass up the trachea. They are swallowed and passed in the rat’s faeces. When these are consumed by a snail, infection of the mollusk will ensue. Many different snail species can be infected, including Pila snails (e.g. Thailand, local cuisine) and the giant African land snail (Achatina fulica).  [For the detection of larvae in snails, shells are crushed and the bodies are homogenized and digested in pepsin-hydrochloride solution at 37° for 1 hour. The solution can then be examined with a light microscope]. Humans (and rats) become infected through eating raw slugs or snails, soiled lettuce contaminated with mollusk slime, infected planarians or eating a carrier host (infected land crabs, shrimps or freshwater prawns). Inside man, the neurotropic third-stage larvae pass from the intestinal tract to the meninges. They die 1-2 weeks after arriving in the human brain.

*

Angiostrongylus cantonensis: Clinical aspects
Angiostrongyliasis (infection with A. cantonensis, the rat lungworm) has an incubation period of 2-35 days. Symptoms are due to migration of the larvae in the brain and the inflammatory reaction which occurs. The disease presents with acute moderate to severe headache (100%). Besides the headache, patients can complain of eyeball pain. Visual problems can occur, due to involvement of one or more cranial nerves (diplopia, acute strabism, gaze palsy) or due to migration of the larva into the eye, which can lead to retinal detachment and blindness. Facial nerve paralysis occurs occasionally. Nuchal rigidity occurs in about 66% of patients and Brudzinski’s sign is present in ±66%. Transient ataxia can occur. Delirium, seizures and cognitive dysfunction have been observed. Hyperesthesia in various dermatomes occurs. Paresthesias of arms and legs, trunk or face can persist for months, although chronic disease is rare. Vomiting and nausea are self-limited and stop after a few days. Oedema (generalized, legs, facial or migratory) occurs in a minority of patients. Fever occurs in less than 50% of patients. The disease tends to be more serious in children. The disease is self-limiting. Most symptoms disappear spontaneously within 4 weeks of onset (range 2-8 weeks). Mortality is less than 1%.

*

Angiostrongylus cantonensis: Diagnosis
Eosinophilia of peripheral blood or CSF is not always present on initial laboratory testing.  Pleocytosis may be absent early in the course of infection. Larvae are rarely detected in the CSF.  Beware of fibrin treads which can mimic larvae. The CSF can be clear or cloudy, but does not contain blood (except in case of a traumatic tap of course). The absence of focal lesions on CT or MRI-scanning of the brain distinguishes A. cantonensis infections from most other helminthic infections of the brain. Enhancement of the meninges and globus pallidus (basal ganglia) can be noted on MRI. Immunodiagnosis is possible in some centers. There is a poor correlation between the serological results of serum and CSF.

*

Angiostrongylus cantonensis: Treatment
Analgesics are usually needed. Steroids (e.g. prednisolone 60 mg/day x 2 weeks or dexamethasone) shorten the duration of the headache. When performing a spinal tap, the opening pressure is increased in about 60% of patients (average 23 cm water; normal 10-20 cm). Many patients notice an improvement after a spinal tap. Repeated spinal taps to reduce the intracranial pressure are sometimes performed. Antihelminthics are thought by some not to be effective and considered to worsen the symptoms, probably because of the inflammatory reaction to antigens released by dying worms. Some clinicians use mebendazole or albendazole, but controlled studies are lacking.

*

The differential diagnosis of eosinophilic meningitis includes the following : 

· Angiostrongylus cantonensis XE "Angiostrongylus cantonensis:Post-travel, meningitis – encephalitis"  (main cause; synonym Parastrongylus cantonensis)

· Gnatostoma spinigerum XE "Gnatostoma spinigerum" 

 XE "Gnatostoma spinigerum:Post-travel, meningitis – encephalitis" 
· Toxocara canis XE "Toxocara canis:Post-travel, meningitis – encephalitis"  and T. catis XE "Toxocara canis catis:Post-travel, meningitis – encephalitis"  : visceral larva migrans 

· Baylisascaris procyonis XE "Baylascaris procyonis:Post-travel, meningitis – encephalitis"  (normal host is the raccoon, Procyon lotor XE "Procyon lotor:Post-travel, meningitis – encephalitis" ) and Baylisascaris transfuga XE "Baylascaris transfuga:Post-travel, meningitis – encephalitis"  (round-worm of the bear)

· Taenia solium XE "Taenia solium:Post-travel, meningitis – encephalitis" , though in the majority of neurocysticercoses the cerebrospinal fluid is normal

· Fasciola hepatica XE "Fasciola hepatica:Toxocara canis"  and Paragonimus sp XE "Paragonimus sp:Toxocara canis" . (ectopic localisations)

· Filaria: Loa loa XE "Loa loa:Toxocara canis"  (specially severe reactions after DEC treatment), Meningonema peruzzi XE "Meningonema peruzzi:Toxocara canis"  (monkey parasite)

· Strongyloides stercoralis XE "Strongyloides stercoralis:Toxocara canis"  in hyperinfection syndrome (beware steroids)

· Trichinella spiralis (massive infection)

· Myiasis due to Callitroga hominivorax XE "Callitroga hominivorax:Post-travel, meningitis – encephalitis"  or Hypoderma bovis
· Coccidioidomycosis and cryptococcosis 

· Non-infectious origins (lymphoma, medications, ventriculoperitoneal shunts)

10.2.4 Nematodes, Anisakis sp.
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Herring worm disease may be caused by various nematodes. Anisakis simplex XE "Anisakis simplex: helminthiasis, other nematodes"  and A. physeteris XE "Anisakis physeteris: helminthiasis, other nematodes"  (herring worms), Pseudoterranova decipiens XE "Pseudoterranova decipiens: helminthiasis, other nematodes"  (syn. Phocanema decipiens or Terranova decipiens; cod worm or seal worm), and Contracaecum osculatum XE "Contracaecum osculatum: helminthiasis, other nematodes"  are all nematodes belonging to the Anisakidae. They can cause infections in humans who eat raw or insufficiently cooked saltwater fish. The possible medical importance of Hysterothylacium (Thynnascaris) is to date unclear. Adult A. simplex have been found in the stomachs of whales and dolphins. The eggs are eliminated with the faeces. In sea water the eggs hatch after embryonation, after which the released larvae penetrate small crustaceans e.g. copepods or krill (Euphausia), which then in turn are eaten by fish or cephalopods. Herring (Clupea harengus), salmon, hake (Merluccius merluccius XE "Merluccius merluccius: helminthiasis, other nematodes" ), anchovy (Engraulis encrasicholus XE "Engraulis encrasicholus: helminthiasis, other nematodes" ), sardines (Sardina pilchardus XE "Sardina pilchardus: helminthiasis, other nematodes" ), codfish, flounder, haddock, mackerel (Scomber japonicus XE "Scomber japonicus: helminthiasis, other nematodes" ), Japanese inkfish (Todarodes pacificus XE "Todarodes pacificus: helminthiasis, other nematodes" ) and monkfish are frequently infected. The parasites attach themselves to the gastric or intestinal mucosa by their anterior parts as far as the muscularis mucosa. In humans the parasites do not reach the adult stage and die off spontaneously after 3 weeks. The clinical consequences are identical in the various genera. Abdominal pain and nausea may occur within a few hours after eating infected fish or cephalopod, but symptoms may have a late onset, and appear up to three weeks later. Sometimes the worm is regurgitated. Pyloric stenosis has been described. The infection is sometimes confused initially with appendicitis, stomach ulcer, duodenal ulcer, stomach cancer or Crohn’s disease. Rarely the worms perforate the intestinal wall and are found in the peritoneum. Eosinophilia is present. Therapy consists of mechanical removal by means of surgery or endoscopic extraction. Approximately 95% of all cases in the world, which amounts to some 2000 cases annually, occur in Japan. Many different species of Anisakis larvae are being recognised as the cause of hypersensitivity reactions after eating fish. The worm can in fact trigger quite dramatic hypersensitivity reactions, even after it is dead. The antigens are apparently both heat-stable and cold-stable. This kind of reaction is quite unusual for worms, although worm infestations are often accompanied by a hyper-IgE response. [Similar problems may be caused by leakage from an Echinococcus granulosus cyst]. The first signs of an allergic reaction usually occur 60-120 minutes after ingestion, but may be delayed for up to 6 hours later, probably due to passage of the food bolus through the gastro-intestinal tract. This means that urticaria and angio-oedema may occur at night. The diagnosis of allergy to Anisakis simplex is based on (1) a compatible anamnesis such as urticaria or angio-oedema after consumption of saltwater fish, (2) a positive skin prick test, (3) specific IgE against Anisakis simplex via radio-immunoassay, (4) negative reactions to the proteins of fish. There are, however, people who have antibodies to Anisakis without ever having exhibited symptoms. According to the guidelines of the European Community fish must be visually inspected and parasites removed, and heavily infested fish must be destroyed. Species which are marinated or salted at temperatures below 60°C should be stored for 24 hours at –20°C. In the USA fish which is not cooked or processed above 60°C, should be frozen at –35°C for at least 15 hours or at –23°C for at least 7 days.

10.2.5 Nematodes, Baylisascaris sp.
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These nematodes belong to the Ascarididae. They are parasites of carnivores and rodents. Baylisascaris procyonis XE "Baylisascaris procyonis: helminthiasis, other nematodes"  is an intestinal parasite of raccoons (Procyon lotor XE "Procyon lotor: helminthiasis, other nematodes" ). These animals have the habit of always defecating in the same place. These “latrines” are visited by various rodents and birds, which promotes transmission. Small mammals are the intermediate host. Baylisascaris transfuga infects bears. Infection is caused by accidental ingestion of an egg. The worm can provoke retinitis and eosinophilic meningo-encephalitis (visceral larva migrans). Neurological symptoms are prominent in infections with Baylisascaris sp. Eosinophilic pseudotumours in the heart have also been described.

10.2.6 Nematodes, Capillaria hepatica
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Synonyms for Capillaria hepatica XE "Capillaria hepatica: helminthiasis, other nematodes"  are Hepaticola hepatica XE "Hepaticola hepatica: helminthiasis, other nematodes"  and Calodium hepaticum XE "Calodium hepaticum: helminthiasis, other nematodes" . These nematodes belong to the Trichuridae. They normally infect the liver of rabbits and rodents such as rats and mice. The parasite can be found occasionally in other mammals. Adult worms are 20 mm long. The parasitosis is rarely observed in humans. During the life of the host, eggs are only found in the liver and they do not enter the intestinal lumen. The parasites die after 1 to 4 months. Predation, cannibalism and scavenging play a large part in the life cycle of this worm. Adults lay eggs in the liver of the final host. Eggs of C. hepatica are not, or only minimally, embryonated in the liver. If after the death of the host the liver decomposes on the ground, eggs do not survive the rotting process for long. If the liver of the first host is eaten by another animal the eggs develop further and somewhat later are eliminated with the faeces of this last animal. In the intermediate host the eggs only pass through the intestine, with intraluminal maturation of the eggs. After embryonated eggs land on the ground they mature further. Eggs of C. hepatica are also found in earth worms. This “transport host” may facilitate the infection of another animal. If they are eaten by a human or a rodent, larvae will be released from these eggs and migrate to the liver where they become adult in 2-3 weeks. Egg laying follows. People become infected by eating contaminated food or drinking soiled water. Infection is not caused by eating infected liver. The symptoms are those of visceral larva migrans, with hepatomegaly, eosinophilia and/or a liver abscess. The diagnosis is made via liver biopsy, not via finding eggs in faeces. The eggs are morphologically similar to those of Trichuris trichiura. Observation of eggs of C. hepatica in human faeces only indicates passage eggs (spurious infection). Hepatic capillariasis may be treated with albendazole. 

10.2.7 Nematodes, Cheilobus quadrilabiatus
The nematode Cheilobus quadrilabiatus XE "Cheilobus quadrilabiatus: helminthiasis, other nematodes"  belongs to the Rhabditidae and is very probably a pseudoparasite. Authentic infections in humans are questionable.

10.2.8 Nematodes, Cheilospirura sp.

Nematodes of the genus Cheilospirura XE "Cheilospirura sp. : helminthiasis, other nematodes"  belong to the Acuariidae. A case of infection with such a parasite has been described in the Philippines. Not enough is known about these worms. C. spinosa is found in the crop of certain birds. Locusts are thought to be intermediate hosts.

10.2.9 Nematodes, Dioctophyma renale
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These nematodes belong to the Dioctophymatidae. This family has three genera: Dioctowittius, Mirandonema and Dioctophyma. Each genus of these nematodes has only one species. The last mentioned has been found in a number of mammals and in humans. Probably any large mammal can act as host. Fish-eating mammals are at increased risk. Horses, cattle and pigs may become infected when they accidentally swallow an infected oligochaete. As prevention, water should be boiled and fish well cooked through. Dioctophyma renale XE "Dioctophyma renale: helminthiasis, other nematodes"  is a real giant worm. The males are 20 cm long and 6 mm broad. The female worms are up to 100 cm long and 12 mm wide. They are blood red and have blunt extremities. The eggs have thick shells and should stay in water for 2-12 weeks in order to embryonate (the time depends on the temperature). After emerging from the egg, the larva is eaten by an aquatic oligochaete annelid Lumbriculus variegatus. The larva penetrates the ventral blood vessel, where it develops further. If the infected annelid is swallowed accidentally, the larva is released and will migrate to the kidney of the host and there develop into an adult worm. If the annelid is consumed by a fish or a frog, these latter animals become paratenic hosts. If such a paratenic host is eaten by a human, the larva penetrates the mucosa and submucosa of the stomach. After five days the parasite migrates to the liver. It stays in the liver parenchyma for approximately 50 days. It then migrates to the kidney, usually the right kidney. The eggs pass to the outside world via the urine. The immature worm can also be found beneath the skin. The growing worm produces necrosis so that the increasing internal pressure reduces the thickness of the kidney wall. Should the worm break through the renal capsule, the parasite may get into the peritoneum. Therapy is surgical.

10.2.10  Nematodes, Diploscapter coronata
The nematode Diploscapter coronata XE "Diploscapter coronata: helminthiasis, other nematodes"  belongs to the Rhabditidae and is very probably a pseudoparasite. Authentic infections in humans are questionable.

10.2.11  Nematodes, Eocoleus aerophilus
The nematode E. aerophilus belongs to the Trichuridae. Earthworms are the intermediate host. The final host of Eocoleus aerophilus XE "Eocoleus aerophilus: helminthiasis, other nematodes"  (synonym Capillaria aerophila) is the fox, although other carnivores such as cats and dogs can also become infected. Sometimes the parasite is found in hedgehogs. This worm can also infect humans. The adult parasite is found in the mucosa of the respiratory system. Its distribution is cosmopolitan. Under optimum conditions the eggs become infectious in 35-45 days. In foxes the parasite survives for approximately ten to eleven months.

10.2.12  Nematodes, Eustrongylides sp.

Nematodes of the genus Eustrongylides XE "Eustrongylides sp. : helminthiasis, other nematodes"  belong to the Dioctophymatidae. There are eleven species in the genus. The larvae are bright red, 25-150 mm long and 2 mm in diameter. They infect freshwater, brackish-water and saltwater species of fish. They have fish-eating wading birds such as herons and flamingos as their final hosts. The adult parasites cause large swellings in the proventriculus of these animals. They only live a few weeks, however. During this brief period they produce eggs which embryonate in the water. These hatch in aquatic oligochaetes where they will develop in the ventral blood vessel. Fish which eat these oligochaetes become paratenic hosts. The birds then become infected by eating infected fish. The large larvae can easily be seen with the naked eye so that infected fish are not very appetising, which explains the rarity of human cases. When infected fish is eaten raw or insufficiently cooked, the worms may attach to the intestinal wall. They penetrate the wall and cause a perforation, resulting in peritonitis and possibly abscess formation. Eosinophilia may occur. Treatment consists of mechanical removal by means of surgery or endoscopy. There is a high risk of septicaemia.

10.2.13  Nematodes, Gnathostoma sp.
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Nematodes of the genus Gnathostoma belong to the Gnathostomatidae. Various species may cause severe infections in humans: G. doloresi XE "Gnathostoma doloresi: helminthiasis, other nematodes" , G. hispidum XE "Gnathostoma hispidum: helminthiasis, other nematodes" , G. spinigerum XE "Gnathostoma spinigerum: helminthiasis, other nematodes" , G. nipponicum XE "Gnathostoma nipponicum: helminthiasis, other nematodes" . These infections are not uncommon in the Far East and Southeast Asia, but also occur in the New World. The male worms are 10-25 mm long and the females measure 25-55 mm. They have a characteristic row of hooks around the anterior part. The final host for G. hispidum is the pig. The usual final hosts for G. spinigerum are dogs and cats. In these animals G. spinigerum forms a tumourous mass in the stomach wall. The eggs reach the outside world in the faeces. If they are dropped into water they will hatch 10 days later. Freshwater copepods (Cyclops) are the first intermediate hosts. Fish, amphibians and various mammals may become infected by eating the infected Cyclops. There is low host-specificity and humans can also become infected. Humans usually become infected by eating an infected fish or other transport host (chicken, frog or snake). The larvae cannot develop to adult worms in humans. They migrate through the body, and in doing so may trigger itching, painless, transient subcutaneous swellings. These symptoms occur after an interval of days to weeks, and they may be similar to cutaneous larva migrans caused by animal hookworms. The swellings are caused by local oedema, necrosis and haemorrhages within the migration path. If the larvae penetrate vital organs (e.g. the brain) the swelling may be life-threatening. Gnathostomiasis is an important cause of eosinophilic meningitis and myelitis. The larva can penetrate the eye resulting in haemorrhages, detached retina and blindness. The infection may resemble toxocariosis, Loa loa infection, sparganosis, fasciolasis, paragonomiasis or trichinellosis. Angiostrongylus cantonensis is another parasite which can cause eosinophilic meningitis. The treatment is symptomatic and if necessary surgical. Albendazole 400 - 800 mg daily for 21 days is recommended.

10.2.14  Nematodes, Gongylonema pulchrum 
The nematode Gongylonema pulchrum XE "Gongylonema pulchrum: helminthiasis, other nematodes"  belongs to the Gongylonematidae. G. pulchrum develops in the haemocoel and the muscles of a large number of species of coprophagous beetles (e.g. dung beetles) and cockroaches. As an adult parasite it lives in the mucosa and submucosa of the foremost part of the intestine of birds and mammals, such as cattle, sheep, goats, camels, deer, rabbits, bears, pigs and horses. The cuticula in adult worms is covered with thick wart-like nodules. In humans the parasite causes ulcers of the tongue, mouth, cheeks, gums or lips. Treatment consists of surgical extraction.

10.2.15  Nematodes, Haemonchus contortus
The nematode Haemonchus contortus XE "Haemonchus contortus: helminthiasis, other nematodes"  belongs to the Trichostrongylidae. This nematode usually parasitises ungulates such as cattle, sheep, goats and deer. The worm sucks blood and lives in the abomasum (stomach). The infectious larvae are quite resistant to drying out and cold. Only a few cases of infection in humans are known. Transmission is by swallowing third-stage larvae. 

10.2.16  Nematodes, Halicephalobus gingivalis
For Halicephalobus gingivalis XE "Halicephalobus gingivalis: helminthiasis, other nematodes" , see Micronema deletrix.

10.2.17  Nematodes, Haycocknema perplexum 
This nematode belongs to the Robertdollfusidae. It is an intramuscular parasite of humans. It has been described in a patient in Tasmania. Adult male and female worms, and also larvae, were found during muscle biopsy of the lateral thigh muscle. There were signs of polymyositis. H. perplexum XE "Haycocknema perplexum: helminthiasis, other nematodes"  is differentiated from all other genera of the Muspiceoidea by the presence of a number of well-defined morphological features. The parasite must be differentiated from Trichinella spiralis larvae, from coenurosis and from muscle sarcocystosis.

10.2.18  Nematodes, Lagochilascaris minor
The nematode Lagochilascaris minor XE "Lagochilascaris minor: helminthiasis, other nematodes"  belongs to the Ascarididae and is closely related to Toxocara and Toxascaris. The name refers to the typical split lips (Gr. lagos = hare; cheilos = lip). Opossums are natural hosts. Rodents may be paratenic hosts. Infections occur in South America. Lagochilascaris minor can provoke chronic swellings and purulent abscesses in the neck, ear, mastoid, eye and retropharyngeal space in humans. Neck abscesses may resemble scrofulosis (tuberculosis). Infections may persist for years. Fatal encephalopathy may result from the presence of the worms in the central nervous system. A few cases have been known in which treatment with ivermectin was effective. Thiabendazole has also been found to be curative.

10.2.19  Nematodes, Mammomonogamus sp.

Mammomonogamus laryngeus XE "Mammomonogamus laryngeus: helminthiasis, other nematodes"  and M. nasicola XE "Mammomonogamus nasicola: helminthiasis, other nematodes"  are nematodes which rarely infect humans. Infection is known as human syngamosis. This term refers to the taxonomic family of the worms, the Syngamidae. The normal hosts are ungulates (cattle, sheep, goats, deer), but also felines and elephants can be infected. Several cases have been reported from the Caribbean and Latin America. The worms are located in the respiratory tract (larynx and nose). The eggs are coughed up, swallowed and emerge with the faeces. The larvae of M. nasicola bore into earthworms, snails and maggots. Clinical symptoms in humans are chronic non-productive cough with discomfort in the throat. The parasites can be removed by endoscopy. The Y-shaped tangle of the parasites, caused by the male and female being permanently in copulation, is typical. 

10.2.20  Nematodes, Marshallagia marshalli
The nematode Marshallagia marshalli XE "Marshallagia marshalli: helminthiasis, other nematodes"  belongs to the Trichostrongylidae. Infections in humans are extremely rare.

10.2.21  Nematodes, Mecistocirrus digitatus
The nematode Mecistocirrus digitatus XE "Mecistocirrus digitatus: helminthiasis, other nematodes"  belongs to the Trichostrongylidae. The parasite usually infects cattle. Infections in humans are very exceptional.

10.2.22  Nematodes, Mermis nigriscens
The nematode Mermis nigriscens XE "Mermis nigriscens: helminthiasis, other nematodes"  belongs to the Mermithidae and is a pseudoparasite. No authentic infections in humans are known.

10.2.23  Nematodes, Metastrongylus elongatus
The nematode Metastrongylus elongatus XE "Metastrongylus elongatus: helminthiasis, other nematodes"  (syn. Choerostrongylus) belongs to the Metastrongylidae. The parasite very rarely causes infections in humans. Infections with M. apr XE "Metastrongylus apri: helminthiasis, other nematodes" i, M. pudendotectu XE "Metastrongylus pudendotectu: helminthiasis, other nematodes"  and M. salmi XE "Metastrongylus salmi: helminthiasis, other nematodes"  are also known. These species have oligochaetes as their intermediate host (e.g. Lumbricus). Pigs and ruminants are the final hosts. They become infected by swallowing an infected earthworm. The parasites penetrate the intestinal wall and migrate to the lungs of the animal. 

10.2.24  Nematodes, Micronema deletrix
Micronema deletrix XE "Micronema deletrix: helminthiasis, other nematodes"  is possibly identical to Halicephalobus gingivalis XE "Halicephalobus gingivalis: helminthiasis, other nematodes" . These nematodes belong to the Cephalobidae. This parasite infects chiefly horses, but accidental infection of humans has been described. Skin wounds are the portal of entry. In humans a very severe, even lethal eosinophilic meningo-encephalitis and myelitis may occur.

10.2.25  Nematodes, Nematodirus abnormalis
The nematode Nematodirus abnormalis XE "Nematodirus abnormalis: helminthiasis, other nematodes"  belongs to the Trichostrongylidae. Infections are not unusual in cattle, but infection of humans is extremely rare. 

10.2.26  Nematodes, Ostertagia sp.
Nematodes of the genus Ostertagia belong to the Trichostrongylidae. The name of the genus refers to Ostertag, who described the parasite in Germany in 1890. Ostertagia ostertagi XE "Ostertagia ostertagi: helminthiasis, other nematodes"  and Ostertagia circumcincta XE "Ostertagia circumcincta: helminthiasis, other nematodes"  (syn. Teladorsagia circumcincta) usually infect ungulates (cattle, goats, sheep, llamas, deer). They live in the abomasum. The parasites easily survive winter in regions with a temperate climate. The distribution of Ostertagia ostertagi is cosmopolitan. Infections in humans are extremely rare.

10.2.27  Nematodes, Parascaris equorum
The nematode Parascaris equorum XE "Parascaris equorum: helminthiasis, other nematodes"  belongs to the Ascarididae. The distribution of the parasite is cosmopolitan. The usual host is the horse (chiefly foals). The eggs are round and are covered in a sticky substance with which they attach to objects in their surroundings. Embryonated eggs remain viable for several years. Humans may become infected by swallowing an egg. Infections in humans are very rare. The adult worms are found in the small intestine. They are 10-15 cm long.

10.2.28  Nematodes, Parastrongylus sp.

The nematodes of the genus Parastrongylus belong to the Angiostrongylidae. Infections with Parastrongylus mackerrassae XE "Parastrongylus mackerrassae: helminthiasis, other nematodes"  and P. malaysiensis XE "Parastrongylus malaysiensis: helminthiasis, other nematodes"  have not to date been confirmed. On the other hand, infection with P. cantonensis XE "Parastrongylus cantonensis: helminthiasis, other nematodes"  (synonym Angiostrongylus cantonensis) does occur occasionally. The latter parasite has snails as its first intermediate host (Achatina, Pila, Veronicella). The larvae subsequently penetrate crabs, frogs, planaria or freshwater shrimps. Rats are the final host. Humans may become infected by swallowing larvae in a snail or paratenic host. Eosinophilic meningitis or myelitis will follow, with an incubation period of about 9 days. Severe headache and radicular pain are typical. The cerebrospinal fluid contains an elevated number of eosinophils. The differential diagnosis includes gnathostomiasis, neurocysticercosis and toxocariasis (visceral larva migrans). In the New World, baylisascariasis (Baylisascaris procyonis) can resemble Parastrongylus cantonensis infection.  Corticosteroids (prednisolone x 2 weeks) and mebendazole or albendazole are used in treatment, although the role of antihelminthics is controversial and most cases heal spontaneously. A completely different pathology is caused by P. costaricensis XE "Parastrongylus costaricensis: helminthiasis, other nematodes"  (synonym Angiostrongylus costaricensis). This parasite occurs in Central America, Brazil and Peru. A land snail (Vaginulus sp.; family Veronicellidae) is the first intermediate host. The larvae can be found in the slime from the snail. In this way they get onto plants and the ground. In one study, eating raw mint and ceviche (marinated raw fish) were both risk factors for infection. Here too, rats especially the cotton rat (Sigmodon sp.) are the normal final hosts. The adult parasite is found in the mesenteric blood vessels (e.g. ileocaecal arterioles) in both the final hosts and in humans. Eosinophilic ileitis (enteritis) or appendicitis may result. Treatment is surgical. Mebendazole or thiabendazole are also given. The therapeutic role of albendazole is not yet clear.

10.2.29  Nematodes, Pelodera sp. 

Nematodes of the genus Pelodera belong to the Rhabditidae. They are often considered to be a subspecies of Rhabditis sp. There are four species which cause infections in mammals. Infections in dogs, horses, cattle and sheep are not unusual. In humans, dermatitis resembling cutaneous larva migrans has been described (Pelodera strongyloides XE "Pelodera strongyloides: helminthiasis, other nematodes" ). It is doubtful, however, whether the identification was correct in those cases where infections in humans have been described. P. teres is probably a pseudoparasite. It is a worm which normally lives in the open.

10.2.30  Nematodes, Philometra sp.

Nematodes of the genus Philometra belong to the Philometridae. They are probably pseudoparasites which can accidentally get into a skin wound. Philometra sp. XE "Philometra sp. : helminthiasis, other nematodes"  parasitise exclusively fish (carp, pike and others). Many species have copepods as intermediate host.

10.2.31  Nematodes, Physaloptera sp. 
Nematodes of the genus Physaloptera belong to the Physalopteridae. Physaloptera caucasica XE "Physaloptera caucasica: helminthiasis, other nematodes"  and P. transfuga XE "Physaloptera transfuga: helminthiasis, other nematodes"  are rarely found in humans. These parasites have various vertebrates as their normal host. They occur in Central Africa, Mozambique, Uganda and Malawi, although cases have been reported from India, the Middle East and also Latin America. In these cases the diagnosis was based solely on egg identification, so misdiagnosis is possible. The pathology resulting from these parasites has not yet been fully described. The worms live with their heads buried in the gastro-intestinal tract, from the oesophagus to the ileum. They probably do not suck blood, but feed on the food in the stomach or in the intestinal lumen. The life cycle of some species is unknown, but the cycle of others has been investigated. P. praeputialis XE "Physaloptera praeputialis: helminthiasis, other nematodes"  occurs in cats and has crickets (Acheta assimilis XE "Acheta assimilis: helminthiasis, other nematodes" ) as its intermediate host. P. rara XE "Physaloptera rara: helminthiasis, other nematodes"  occurs in carnivores (coyote, Canis latrans XE "Canis latrans: helminthiasis, other nematodes" ) in North America and has various beetles and a cricket as its intermediate hosts. Snakes (including rattlesnakes) are paratenic hosts for the latter species.

10.2.32  Nematodes, Rhabditis sp.

Rhabditis sp. are nematodes which belong to the Rhabditidae. Rhabditis elongata XE "Rhabditis elongata: helminthiasis, other nematodes" , R. inermis XE "Rhabditis inermis: helminthiasis, other nematodes"  and R. hominis XE "Rhabditis hominis: helminthiasis, other nematodes"  infections are very rare in humans. Some urinary tract infections and intestinal infections have been reported from the Far East (including Thailand and China) and from Zimbabwe. The nematode is free-living, but can parasitise mammals (rodents) under various conditions. The status of both R. axei XE "Rhabditis axei: helminthiasis, other nematodes"  and R. niellyi XE "Rhabditis niellyi: helminthiasis, other nematodes"  is unclear. R. pellio XE "Rhabditis pellio: helminthiasis, other nematodes" , R. terricola XE "Rhabditis terricola: helminthiasis, other nematodes"  and R. taurica XE "Rhabditis taurica: helminthiasis, other nematodes"  are probably pseudoparasites. One peculiarity in certain Rhabditis species, is that the third stage larva can either develop to a fourth stage, or into a dauer larva (a larva suited to survival in unfavourable environmental circumstances), or into a parasitic, infectious larva.

10.2.33  Nematodes, Rictularia sp.

Nematodes of the genus Rictularia belong to the Rictulariidae. The normal hosts are bats and rodents. Various insects and centipedes serve as intermediate hosts. The genus Rictularia XE "Rictularia pterygodermatites.: helminthiasis, other nematodes"  contains a number of worms which only very rarely infect humans. Only one case of an infection in a human has been described. It was an adult worm in an appendix (R. pterygodermatites).

10.2.34  Nematodes, Spirocerca lupi
The nematode Spirocerca lupi XE "Spirocerca lupi: helminthiasis, other nematodes"  (synonym Spirocerca sanguinolenta) belongs to the Spirocercidae. Coprophagic beetles are the intermediate hosts. Dogs, foxes, jackals, wolves and felines serve as the usual final hosts. In dogs there is transplacental transfer of larvae. In their normal host the parasites form growths in the wall of the oesophagus, stomach or aorta. In dogs they often migrate to unusual areas, with lesions of the aorta and oesophagus and even necrosis of the salivary glands. Infected dogs have an increased incidence of sarcomas. One human case has been reported, in which the adult parasites had become established in the terminal ileum. 

10.2.35  Nematodes, Syphacia obvelata
The nematode Syphacia obvelata XE "Syphacia obvelata: helminthiasis, other nematodes"  belongs to the Oxyuridae. This parasite infects chiefly rodents. In the past there has been confusion between this parasite and Syphacia muris XE "Syphacia muris: helminthiasis, other nematodes" . The parasites are found in the large intestine and lay their eggs peri-anally. Only one human case has been reported.

10.2.36  Nematodes, Ternidens deminutus
The nematode Ternidens deminutus XE "Ternidens deminutus: helminthiasis, other nematodes"  belongs to the Chabertiidae. The parasite is related to Oesophagostomum sp. Infection is not infrequent, but only occurs in specific areas. Its distribution includes Asia and Africa, chiefly in Zimbabwe. The normal hosts are various monkeys. Infection in humans is limited to eastern and southern Africa, which suggests that possibly another, morphologically similar parasite is involved here. The taxonomy, however, is still unclear. The larvae are found in the mucosa of the colon. Adult worms are located in the colonic lumen. The method of transmission is as yet unclear. Attempts at transmission via oral inoculation and transcutaneous routes, were not successful. Possibly there is a paratenic host, perhaps an insect, which has not yet been identified.

10.2.37  Nematodes, Thelazia sp.

Nematodes of the genus Thelazia belong to the Thelaziidae. They are parasites of the eye, the orbita and the lacrimal system in birds and mammals. Thelazia californiensis XE "Thelazia californiensis: helminthiasis, other nematodes"  is found in California. T. callipaeda XE "Thelazia callipaeda: helminthiasis, other nematodes"  is found in Asia. Larvae are ingested by flies (Musca sp. and others) which feed on tears and eye secretions. In the insect the worm develops further, the speed of which is determined by the ambient temperature. The average time is two weeks at 25° C. When the fly feeds again, the infectious larva penetrates the final host. After approximately a month it becomes an adult. In humans, parasites such as T. californiensis and T. callipaeda may cause chronic unilateral conjunctivitis. A swift recovery can be expected after mechanical removal.

10.2.38 Nematodes, Toxocara sp.
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Nematodes of the genus Toxocara belong to the Ascarididae. Toxocara canis XE "Toxocara canis: helminthiasis, other nematodes"  and T. cati XE "Toxocara cati: helminthiasis, other nematodes"  (synonym Toxocara mystax) are parasites which can cause a visceral larva migrans syndrome, with or without asthma. If they reach the retina, they may lead to chorioretinitis with blindness as a possible outcome. Infection occurs by swallowing an egg that has reached the outside world via the faeces of a dog (T. canis) or a cat (T. cati). No human infections with T. pteropodis XE "Toxocara pteropodis: helminthiasis, other nematodes"  and T. vitulorum XE "Toxocara vitulorum: helminthiasis, other nematodes"  have as yet been identified. In the dog, the further development of T. canis is determined partly by the age and sex of the animal. In young puppies the larvae first migrate to the lungs, and then return to the intestine via the trachea. In older animals somatic migration is more common, including transplacental migration to the foetus. Prenatal infection is more important in these animals than transmammary infection. There is no evidence to assume a similar course in T. cati. A Toxocara parasite may become adult and eggs may appear in the faeces of humans in exceptional circumstances (e.g. HIV infection). Treatment is based on steroids and albendazole or diethylcarbamazepine (DEC). Nevertheless the effect of the anthelmintic on the extra-intestinal larvae is limited. Intra-ocular infection resulting from Toxocara larvae may lead to traction upon the retina resulting in retinal detachment. Vitreoretinal surgery has a good chance of leading to an improvement in vision in approximately 50% of cases.

10.2.39  Nematodes, Trichostrongylus sp.

Nematodes of the genus Trichostrongylus belong to the Trichostrongylidae. Infection of humans by Trichostrongylus colubriformis XE "Trichostrongylus colubriformis: helminthiasis, other nematodes"  (synonym T. instabilis) is not unusual, unlike infection by T. affinis XE "Trichostrongylus affinis: helminthiasis, other nematodes" , T. axei XE "Trichostrongylus axei: helminthiasis, other nematodes" , T. brevis XE "Trichostrongylus brevis: helminthiasis, other nematodes" , T. calcaratus XE "Trichostrongylus calcaratus: helminthiasis, other nematodes" , T. capricola XE "Trichostrongylus capricola: helminthiasis, other nematodes" , T. lerouxi XE "Trichostrongylus lerouxi: helminthiasis, other nematodes" , T. orientalis XE "Trichostrongylus orientalis: helminthiasis, other nematodes" , T. probolurus XE "Trichostrongylus probolurus: helminthiasis, other nematodes" , T. skrjabini XE "Trichostrongylus skrjabini: helminthiasis, other nematodes"  and T. vitrinus XE "Trichostrongylus vitrinus: helminthiasis, other nematodes" . These are small red worms which have a cosmopolitan distribution and infect birds, ruminants, rabbits and rodents. T. probolurus parasitises a gazelle and camels. T. colubriformis XE "Trichostrongylus colubriformis: helminthiasis, other nematodes"  normally parasitises the small intestine of sheep and goats. In some regions (Iran, Central Africa, Egypt, Java, India) humans in rural areas are frequently infected. Adult worms are approximately 5 mm long. Fertilised female worms produce quite large eggs (85 x 115 µm). These are rather longer and more pointed than the eggs of Ascaris. They contain a morula. Once outside the body the eggs hatch. At an ambient temperature of 22°C the rhabditiform larva takes 6 days to change into an infectious filariform larva. The infectious larvae of T. colubriformis are found on ground vegetation and are resistant to drying out. They can be differentiated from hookworm larvae and Strongyloides larvae by the typical small nodule at the tail. The larvae can penetrate the skin, but faeco-oral transmission is also possible. The parasites penetrate the intestinal mucosa and subsequently migrate back to the intestinal lumen. Most infections are asymptomatic. It is important, however, to differentiate between infections by hookworms or by Strongyloides stercoralis. Albendazole is active against these worms.

10.2.40  Nematodes, Trichuris vulpis
Data concerning the nematode Trichuris vulpis XE "Trichuris vulpis: helminthiasis, other nematodes"  are unclear.

10.2.41  Nematodes Turbatrix aceti
The nematode Turbatrix aceti XE "Turbatrix aceti: helminthiasis, other nematodes"  belongs to the Cephalobidae. This is a pseudoparasite which can accidentally be brought into the vagina during douching.

Other Cestodes

10.2.42 Cestodes, Bertiella sp. 
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Bertiella studeri XE "Bertiella studeri: helminthiasis, other Cestodes"  belongs to the Anoplocephalidae. It is a cestode (tapeworm) which normally parasitises monkeys of the Old World. Infections in humans occur regularly, chiefly in Southeast Asia and the Philippines. The scolex is not armoured and the proglottids are much broader than they are long. The egg is characteristic and measures 40-50 µm in diameter. Mature proglottids are eliminated in chains of approximately 12 segments. As with many Anoplocephalidae, various mites are intermediate hosts (Scheloribates sp.; Oribatidae). Accidental ingestion of such infected mites completes the life cycle. These mites are also the intermediate host for Moniezia sp. (the tapeworms of ungulates such as sheep, cattle and goats). B. mucronata XE "Bertiella mucronata: helminthiasis, other Cestodes"  is similar to B. studeri. This parasite can also infect humans. B. mucronata is a parasite of monkeys in the New World. Children may become infected, for example by a monkey kept as a pet. The symptoms are minor or the infection may be completely asymptomatic. As with many cestodes the parasites are sensitive to praziquantel. Niclosamide is also used as treatment.

10.2.43 Cestodes, Diphyllobothrium sp. XE "Diphyllobothrium sp.: helminthiasis, other cestodes"  - sparganosis

These cestodes belong to the Diphyllobothriidae (Pseudophyllidea). The genus Diphyllobothrium contains many species of tapeworms: Diphyllobothrium cameroni, D. cordatum, D. dalliae, D. dendriticum, D. elegans, D. hians, D. klebanovskii, D. lanceolatum, D. latum, D. nihonkaiense, D. orcini, D. pacificum, D. scoticum, D. stemmacephalum (syn. Diphyllobothrium yonagoensis), D. (Spirometra) houghtoni, D. (Spirometra) mansoni, D. (Spirometra) mansonoides and D. (Spirometra) theileri (synonym Spirometra pretoriensis). Probably D. (Spirometra) erinoceiuropae and D. erinacei are the same as D. (Spirometra) mansoni. Diphyllobothrium giljacicum, D. minus, S. nenzi, D. skrjabini, D. tungussicum and D. ursi are synonyms for D. dendriticum. For a number of these cestodes the first intermediate host is a copepod. Generally fish are second intermediate hosts, but the intermediate hosts for a number of worms are not yet known. The normal final host depends on the species of parasite. They include seals, sea-lions, cetaceans, cats, dogs, bears, raccoons and birds. Infection with these worms is not frequent. Previously infections with D. latum were quite common in Scandinavia, but nowadays such infections (due to eating infected freshwater fish) are unusual. There have been sporadic infections in other European countries (Italy, Switzerland, Germany, Romania) and also in the USA and Canada. Severe and long-term infection with D. latum can produce vitamin B12 deficiency, but was well known only in Finland. D. pacificum occurs in Peru. This is a worm which grows to 1 metre long. The proglottids are very short and can therefore be easily differentiated from Taenia solium or T. saginata. People become infected by eating infected seafish. Seals form the natural reservoir. The number of infections with D. pacificum fluctuates widely, partly due to the north-south migrations of sea mammals under the influence of the changing seawater temperatures and the influence of El Niño upon fish stocks. Patients sometimes report episodes of meteorism and of spontaneous elimination of the whole worm (in up to 25% of cases). Vitamin B12 deficiency does not occur in these cases. Diphyllobothrium (Spirometra) mansonoides is a tapeworm of dogs and cats in the Western hemisphere (New World). The eggs are similar to those of Diphyllobothrium latum. They are somewhat smaller, however (57-66 µm x 33-37), are ellipsoidal and have a conical, rather prominent operculum. A nodular thickening can often be observed at the opposite pole from the operculum. The eggs are not embryonated when they are eliminated with the faeces. In infections, one needs to distinguish between the presence of larvae and an adult worm in the human body. When an individual is infected by eating fish which contain one or more plerocercoid larvae, there is further development of the parasite to an adult worm. The adult worm is found in the lumen of the small intestine. When infection by Diphyllobothrium (Spirometra) mansonoides occurs due to drinking water containing infected copepods, the parasite may develop as a plerocercoid larva in the tissues, e.g. in an eye. This disorder is known as sparganosis. The infection may also result from placing infected frog meat or snake tissue on the skin, which is sometimes done in traditional Eastern medicine. Eating insufficiently heated meat from frogs, snakes, chickens, ducks and pigs can give rise to sparganosis. Diphyllobothrium (Spirometra) mansonoides is responsible for human cases of sparganosis in the West. Other Diphyllobothrium (Spirometra) species are responsible for sparganosis in other parts of the world. The plerocercoids of Diphyllobothrium (Spirometra) mansonoides secrete a substance which has an effect similar to that of the growth hormone of various mammals. This substance is very similar to human growth hormone. Its role in the worm is unclear. As with many cestodes, the parasite is sensitive to praziquantel. 
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10.2.44 Cestodes, Diplogonoporus sp.

These cestodes belong to the Diphyllobothriidae. Diplogonoporus balaenopterae XE "Diplogonoporus balaenopterae: helminthiasis, other Cestodes"  (synonym Diplogonoporus grandis) is a tapeworm of cetaceans. Dogs can also become infected. Infections with this parasite occur regularly in Japan. This is probably connected to the frequent consumption of raw saltwater fish and whale meat. Copepods are the first intermediate hosts. Saltwater fish are the second intermediate hosts. People become infected by eating infected fish. The final host of D. brauni XE "Diplogonoporus brauni: helminthiasis, other Cestodes"  is not yet known with certainty. Possibly it is a fish-eating species of bird. Little is known as yet about D. fukuokaensis XE "Diplogonoporus fukuokaensis: helminthiasis, other Cestodes" , but humans can become infected. The adult worm is found in the lumen of the small intestine. It grows to several metres long. The scolex on the other hand, is only one millimetre in length. As with many cestodes the parasite is sensitive to praziquantel.

10.2.45 Cestodes, Dipylidium caninum
These cestodes belong to the Dipylididae. Dipylidium caninum XE "Dipylidium caninum: helminthiasis, other Cestodes"  is a tapeworm with cosmopolitan distribution (except for Australia). The adult worm remains in the lumen of the small intestine. Cats, dogs and other Carnivora are the final hosts. Proglottids may creep about actively near the dog’s anus. Fleas (Ctenocephalides, Pulex) and the larvae of dog lice (Trichodectes canis XE "Trichodectes canis: helminthiasis, other Cestodes" ) are intermediate hosts. The adult worm measures 15-40 cm and has a delicately armoured conical rostellum on the scolex. People become infected by accidentally swallowing a flea containing cysticercoids. The course of infection is almost always asymptomatic. The diagnosis is made by detecting typical egg clusters in faeces. One such small packet will contain 8 to 13 eggs. As with many cestodes the parasite is sensitive to praziquantel. As prevention it is advisable to de-worm dogs regularly and to eradicate ectoparasites.
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10.2.46 Cestodes, Drepanidotaenia lanceolata
These cestodes belong to the Hymenolepididae. Drepanidotaenia lanceolata XE "Drepanidotaenia lanceolata: helminthiasis, other Cestodes"  is a tapeworm with cosmopolitan distribution. The adult parasite probably lives in the lumen of the small intestine. Copepods (Cyclops, Diaptomus) are intermediate hosts. The usual final hosts are birds. People become infected by swallowing an infected copepod. Symptoms are either minor or the infection is completely asymptomatic.

10.2.47 Cestodes, Hymenolepis diminuta 
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These cestodes belong to the Hymenolepididae. Hymenolepis diminuta XE "Hymenolepis diminuta: helminthiasis, other Cestodes"  is a tapeworm with cosmopolitan distribution. The adult parasite is found in the lumen of the small intestine. It is quite small for a tapeworm (2-6 cm), which is where its specific name comes from. The tapeworm is not armoured. Rodents (rats) are the normal final hosts. Various arthropods, including insects such as fleas are the intermediate hosts. If they are accidentally swallowed by a human, infection follows. Most infections are without symptoms. As with many cestodes the parasite is sensitive to praziquantel.

10.2.48 Cestodes, Hymenolepis nana 
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These cestodes belong to the Hymenolepididae. Hymenolepis nana XE "Hymenolepis nana: helminthiasis, other Cestodes"  (synonym Vampirolepis nana) occurs in foci and has a cosmopolitan distribution. The highest prevalence of this cestode is found in hot, dry regions. People become infected by swallowing an egg (faeco-oral transmission) or by accidentally swallowing an insect (flea, weevil) which acts as intermediate host. An intermediate host is not essential for infection. Humans are the only definitive host. The adult worm is found in the lumen of the small intestine. The adult parasite is smaller than H. diminuta: it only measures 2-4 cm (dwarf tapeworm). The strobila contains 100 to 200 proglottids. The course of infection is almost always asymptomatic. The treatment of choice is praziquantel. 

10.2.49 Cestodes, Inermicapsifer madagascariensis
These cestodes belong to the Anoplocephalidae. Inermicapsifer madagascariensis XE "Inermicapsifer madagascariensis: helminthiasis, other Cestodes"  (synonym Raillietina madagascariensis XE "Raillietina madagascariensis: helminthiasis, other Cestodes" ) normally parasitises African rodents and hyraxes, but humans may also become infected. Outside Africa humans are said to be the only definitive host for this cestode. Cases of infection with I. cubensis have been reported from South America and Cuba. The scolex is not armoured. The strobila is up to 42 cm long. The mature proglottids are rather broader than they are long. The uterus is filled with capsules, each of which contains 6 to 10 eggs. The life cycle is unknown, but probably an arthropod is the intermediate host. Most infections lead to few if any symptoms. The infection is treated with praziquantel.

10.2.50 Cestodes, Ligula intestinalis
These cestodes belong to the Diphyllobothriidae (Pseudophyllidea). Ligula intestinalis XE "Ligula intestinalis: helminthiasis, other Cestodes"  is a tapeworm which normally has fish-eating birds as its final host. Copepods (Cyclops) are the first intermediate host. Freshwater fish (cypriniforms) are the second intermediate host. People become infected by eating infected fish. The adult worm is found in the lumen of the small intestine. Most infections lead to few if any symptoms. Praziquantel is the logical choice for treatment, but there is little experience in view of the rarity of infections. Infections have been reported from Poland and Romania.

10.2.51  Cestodes, Mathevotaenia symmetrica
These cestodes belong to the Anoplocephalidae. Mathevotaenia symmetrica XE "Mathevotaenia symmetrica: helminthiasis, other Cestodes"  is a tapeworm. The adult parasite is found in the small intestine. The usual final hosts are rodents. Tribolium and Plodid insects are the intermediate hosts. People become infected by ingestion of an infected insect. This happens on occasions. Cases are known from Thailand. The parasite is known under many synonyms (Opussumia, Inversia, Morosovella, Paratriotaenia, Markewitschitaenia, Hickmania, Schizorchodes, Priodontia, Linstoparonia, Mangustella, Vasoramia). Most infections lead to few if any symptoms. Praziquantel is the logical choice for treatment, but there is little experience in view of the rarity of infections.

10.2.52  Cestodes, Mesocestoides sp.

These cestodes belong to the Mesocestoidae. The taxonomy of this genus has been made difficult by the wide morphological variation, which is apparently host-induced. Probably, various mites are the first intermediate hosts. Several other animals can be the next intermediate host: amphibians, snakes, small mammals and also birds (M. variabilis XE "Mesocestoides variabilis: helminthiasis, other Cestodes" ). Dogs and cats are also intermediate hosts and one way these become infected is by eating infected birds. The habit of feeding dogs offal from birds promotes infection. Mesocestoides lineatus XE "Mesocestoides lineatus: helminthiasis, other Cestodes"  and M. variabilis are tapeworms which occasionally cause infection in humans. People become infected by ingesting a tetrathyridium larva in an intermediate host. Cases occurred in Japan after eating snake, and drinking fresh snake blood and turtle blood. This may appear rather bizarre, but traditionally blood from the snapping turtle is used in Japan as a tonic. The symptoms are usually mild. Praziquantel is used in treatment.

10.2.53  Cestodes, Monieza expansa 
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These cestodes belong to the Anoplocephalidae. The normal final hosts are cattle, sheep and goats. Galumna and Scheloribates mites are the intermediate hosts. Monieza expansa XE "Monieza expansa: helminthiasis, other Cestodes"  is a tapeworm which infects humans in very exceptional cases. Russia is one country where infections occur. The adult worm is found in the lumen of the small intestine. Infections are generally asymptomatic. As with many cestodes the parasite is sensitive to praziquantel. Albendazole is possibly also active against the worm.

10.2.54  Cestodes, Multiceps sp. - Coenurus
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These cestodes belong to the Taeniidae. Multiceps multiceps XE "Multiceps multiceps: helminthiasis, other Cestodes"  (synonym Taenia multiceps), M. brauni XE "Multiceps brauni: helminthiasis, other Cestodes"  (synonym T. brauni), M. glomeratus XE "Multiceps glomeratus: helminthiasis, other Cestodes"  (synonym T. glomeratus), M. longihamatus XE "Multiceps longihamatus: helminthiasis, other Cestodes"  (synonym T. longihamatus) and M. serialis XE "Multiceps serialis: helminthiasis, other Cestodes"  (synonym T. serialis) are tapeworms which may occasionally infect humans. Ungulates are intermediate hosts of M. multiceps and canines the final hosts. For M. serialis rodents and lagomorphs (rabbits, hares) are intermediate hosts and various carnivores are the normal final hosts. M. brauni has rodents as its intermediate hosts and carnivores as its final hosts. M. glomeratus has rodents as its intermediate hosts, but the normal final host is not known. When a human accidentally swallows an egg of M. multiceps or M. brauni, the larva may develop into a coenurus larva. Localisation in the eye and the brain may occur in M. multiceps and M. brauni. These worms are responsible for the most serious pathology. A visceral larva migrans syndrome may result. M. serialis may cause cysts in the tissues. M. glomeratus may become established in the muscles. M. longihamatus occurs as an adult worm in the lumen of the small intestine. As with many cestodes, the parasites are sensitive to praziquantel. Treatment of coenurosis is surgical. 

10.2.55  Cestodes, Nybelinia surmenicola
The cestode Nybelinia surmenicola XE "Nybelinia surmenicola: helminthiasis, other Cestodes" 

 XE "Nybelinia surmenicola: helminthiasis, other Cestodes"  (syn. Aspidorhynchus, Congeria, Acoleorhynchus, Rufferia) is probably a pseudoparasite when it attaches by chance to the tonsil). It belongs to the Tentaculariidae. The adult parasite has hooks.

10.2.56  Cestodes, Pyramicocephalus anthocephalus
These cestodes belong to the Diphyllobothriidae. Pyramicocephalus anthocephalus XE "Pyramicocephalus anthocephalus: helminthiasis, other Cestodes" 

 XE "Pyramicocephalus anthocephalus: helminthiasis, other Cestodes"  is a tapeworm which usually infects dogs and fish-eating mammals in the far north (Alaska, Greenland). Saltwater fish are the intermediate hosts, but very little else is known about this parasite. 

10.2.57  Cestodes, Raillietina sp.

Cestodes of the genus Raillietina (synonym Davainea) belong to the Davaineidae. The following species have been described in humans: R. siriraji XE "Raillietina siriraji: helminthiasis, other Cestodes" , R. asiatica XE "Raillietina asiatica: helminthiasis, other Cestodes" , R. garrisoni XE "Raillietina garrisoni: helminthiasis, other Cestodes" , R. celebensis XE "Raillietina celebensis: helminthiasis, other Cestodes"  and R. demerariensis XE "Raillietina demerariensis: helminthiasis, other Cestodes" . Other species have not as yet been well defined. Representatives of this genus are easily recognised by the large rostellum with hundreds of small hooks, and by the small suckers. Raillietina siriraji is a rare parasite, identified from children in Bangkok. R. celebensis occurs in the Far East (China, Taiwan, Japan) and also in Tahiti and Australia. An adult R. celebensis is approximately 16-50 cm long. The strobila contains up to 700 proglottids. The life cycle is still unclear, but probably various insects are the intermediate hosts. The reason for assuming this, is that the related R. cesticillus (a cestode of poultry) has various dung beetles and weevils, as well as Musca domestica (the house fly) as intermediate hosts. The epidemiology corresponds to that of Hymenolepis diminuta. The intermediate host of R. demerariensis is the cockroach. R. demerariensis occurs frequently in specific sites in Cuba, Ecuador and Guyana. The usual final hosts of R. celebensis are various rodents (Rattus, Mus). The intermediate host of this tapeworm is probably a species of ant within the Cardiocondyle genus. Ants are said to carry the fertilised proglottids to their nests, and to use them as food for their larvae. The oncospheres grow in these immature insects and become cysticercoids in the adult ant. Humans become infected by accidentally swallowing an ant. Generally infection does not lead to many symptoms. Sometimes white, motile proglottids are observed in the faeces. As with many cestodes these parasites are sensitive to praziquantel.

10.2.58  Cestodes, Schistocephalus solidus
These cestodes belong to the Diphyllobothriidae. Schistocephalus solidus XE "Schistocephalus solidus: helminthiasis, other Cestodes"  is a tapeworm which is found in Alaska. The adult worm is found in the lumen of the small intestine. Normally dogs and fish-eating birds are the final hosts. The first intermediate host is a copepod (Cyclops). The second intermediate hosts are freshwater fish. Infection is usually accompanied by few symptoms. Praziquantel is the logical choice of treatment, but there has been little experience with these infections.

10.2.59  Cestodes, Spirometra sp.

For Spirometra sp. XE "Spirometra sp. : helminthiasis, other Cestodes" , see: Diphyllobothrium sp.

10.2.60  Cestodes, Taenia taeniaeformis and related sp.

Cestodes of the genus Taenia belong to the Taeniidae. In tapeworm infections one must distinguish between the presence of an adult worm in the intestine, and the presence of larvae in the tissues. Both may be present simultaneously. T. saginata XE "Taenia saginata: helminthiasis, other Cestodes"  (cattle tapeworm) and T. solium XE "Taenia solium: helminthiasis, other Cestodes"  (pig tapeworm) have been discussed elsewhere. T. asiatica XE "Taenia asiatica: helminthiasis, other Cestodes"  is possibly a subspecies of T. saginata which has adapted to pigs. This parasite occurs in Asia. The adult worm is found in the lumen of the human small intestine. Taenia crassiceps XE "Taenia crassiceps: helminthiasis, other Cestodes"  is a cestode which very rarely causes infection in humans. It can cause cysticerci in the eye. Carnivores are the normal final hosts. Rodents are the intermediate hosts. T. taeniaeformis XE "Taenia taeniaeformis: helminthiasis, other Cestodes"  may cause cysts in the human liver. Cats, dogs and weasels are the normal final hosts. Rodents are intermediate hosts. People become infected with this parasite by accidentally swallowing an egg. Praziquantel is used in treatment. Surgery may need to be considered.

10.3 Other Trematodes

10.3.1 Trematodes, Achillurbainia sp.

These trematodes belong to the Achillurbainiidae. They are very similar to Poikilorchis or may possibly be the same. Achillurbainia nouveli XE "Achillurbainia nouveli: helminthiasis, other Trematodes"  and A. recondita XE "Achillurbainia recondita: helminthiasis, other Trematodes"  are parasites which have leopards (Panthera pardus) and opossums (Didelphis sp.) respectively as their final host. Achillurbainia nouveli was found in a retro-auricular abscess in China. Crabs of the genus Paratelphusa are intermediate hosts. A. recondita produces abortive infections in humans and has been found in the omentum and in other places in the peritoneum. These infections have been reported from the USA, Honduras and Brazil. There is not sufficient experience with these infections, to be able to draw up therapeutic guidelines. Surgery is important. Praziquantel is probably a good choice, in view of its activity against many other trematodes.

10.3.2 Trematodes, Alaria sp. 

This trematode belongs to the Diplostomatidae. The life cycle of Alaria americana XE "Alaria americana: helminthiasis, other Trematodes"  includes snails (Helisoma) and amphibians. People can become infected by eating frogs, and probably also by eating wild duck. Alaria marcianae XE "Alaria marcianae: helminthiasis, other Trematodes"  has a similar cycle and is regarded by some as synonymous. Planorbis snails are probably the first intermediate hosts. Amphibians and snakes may become infected. Various carnivores including cats and dogs are the final hosts. Transmammary transmission has been demonstrated in various animals, including monkeys. The term amphiparatenic host was originally used for hosts of A. marcianae. This refers to the fact that adult animals can be paratenic hosts, while juvenile animals are definitive hosts. This was demonstrated in a cat model. Pregnant and lactating animals can thus be a reservoir and a source of infection for the young animals. The parasite can cause subcutaneous nodules in humans. These should be surgically removed. Intra-ocular mesocercariae may cause blindness. Cases have been known of fatal systemic, disseminated infections with A. americana, in which lesions were found in almost all organs.

10.3.3 Trematodes, Apophallus donicus
This trematode belongs to the Heterophyidae. This parasite occurs in Canada. Apophallus donicus XE "Apophallus donicus: helminthiasis, other Trematodes"  has a snail (Flumenicola) as first intermediate host. Various freshwater fish are intermediate hosts. The adult worm parasitises cats, dogs, rabbits, foxes and birds. People become infected by eating infected fish. There is little experience as regards the treatment of such infections, but praziquantel seems a logical choice.

10.3.4 Trematodes, Artyfechinostomum sp. 
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These trematodes belong to the Echinostomatidae. Artyfechinostomum mehrai XE "Artyfechinostomum mehrai: helminthiasis, other Trematodes"  causes infection in humans very exceptionally. The normal hosts are rats and pigs. Artyfechinostomum malayanum XE "Artyfechinostomum malayanum: helminthiasis, other Trematodes"  is a parasite which occurs in Southeast Asia including the Philippines. Transmission is due to eating insufficiently cooked freshwater snails (Bullastra cumingiana XE "Bullastra cumingiana: helminthiasis, other Trematodes" ). The clinical picture is not yet fully known, but intestinal perforations may occur.

10.3.5 Trematodes, Carneophallus brevicaeca
This trematode belongs to the Microphallidae. Carneophallus brevicaeca XE "Carneophallus brevicaeca: helminthiasis, other Trematodes"  (synonym Spelotrema brevicaeca) is a parasite which occasionally infects humans. Cases have been reported from the Philippines. The worm can be found in the intestine, but ectopic location in various tissues may also occur. Primates and fish-eating birds are final hosts. Arthropods, such as crabs and decapods are intermediate hosts. People become infected by eating infected shrimp (Macrobrachium sp.). Little is known about the optimum treatment of infection with this parasite, but praziquantel seems a logical choice.

10.3.6 Trematodes, Cathaemasia cabrerai
This trematode belongs to the Cathaemasiidae. Cathaemasia cabrerai XE "Cathaemasia cabrerai: helminthiasis, other Trematodes"  was first discovered in 1984 in the Philippines (found in human faeces). Possibly, in the original description, this parasite was mistaken for Echinostoma malayanum, which was morphologically abnormal, due to praziquantel therapy. Little is known about this parasite. Probably praziquantel is active against this worm.

10.3.7 Trematodes, Centrocestus sp. 

These trematodes belong to the Heterophyidae. Centrocestus caninus XE "Centrocestus caninus: helminthiasis, other Trematodes" , C. cuspidatus XE "Centrocestus cuspidatus: helminthiasis, other Trematodes" , C. longus XE "Centrocestus longus: helminthiasis, other Trematodes" , C. kurokawai XE "Centrocestus kurokawai: helminthiasis, other Trematodes"  and C. formosanus XE "Centrocestus formosanus: helminthiasis, other Trematodes"  are of minor medical importance. They occur in Southeast Asia and elsewhere, and are moderately common in Thailand. Only experimental infections are known for C. armatus XE "Centrocestus armatus: helminthiasis, other Trematodes" . Freshwater fish are the intermediate hosts. The adult worms are found in the lumen of the small intestine. The pathology caused by these parasites is not very pronounced: vague abdominal pain to diarrhoea. The infection is usually self-limiting due to the short life-span of the parasites. Praziquantel is probably a good choice for treatment, but there is limited experience of its use.

10.3.8 Trematodes, Clinostomum complanatum
The trematode Clinostomum complanatum belongs to the Clinostomatidae. It usually infects fish-eating water birds, but occasionally infections have occurred in humans. Cases have been described in Korea and Japan. Snails of the genera Helisoma and Lymnaea are the first intermediate hosts. Freshwater fish are the second intermediate hosts. People become infected with C. complanatum by eating fish infected with metacercariae. The worms attach to the pharynx. This causes pain. Mechanical extraction of the worm solves the problem. Compare with the clinical presentation of throat pain caused by Linguatula serrata, halzoun and with human syngamosis (infection with Mammomonogamus sp.).

10.3.9 Trematodes, Clonorchis sinensis
For the trematode Clonorchis sinensis XE "Clonorchis sinensis: helminthiasis, other Trematodes" : see Opisthorchis sp. 

10.3.10  Trematodes, Cryptocotyle lingua
The trematode Cryptocotyle lingua XE "Cryptocotyle lingua: helminthiasis, other Trematodes"  belongs to the Heterophyidae. The parasite occurs in Greenland and Canada. It has also been reported from other countries, where it infects foxes and other animals. Tautogolabrus and Littorina snails are the first intermediate hosts. Subsequently various seafish can become infected. Dogs, cats, birds and fish-eating mammals such as sea-lions, are the normal final hosts. It is possible that two similar parasites are classified under this name. The eggs are found in faeces.

10.3.11  Trematodes, Dicrocoelium sp.
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These trematodes belong to the Dicrocoeliidae. Dicrocoelium dendriticum XE "Dicrocoelium dendriticum: helminthiasis, other Trematodes"  and D. hospes XE "Dicrocoelium hospes: helminthiasis, other Trematodes"  are parasites which use snails first (including Achatina or Limicolaria sp.) and then various species of ants as intermediate hosts. Sheep and ruminants are the final hosts for D. dendriticum. Infections in humans occasionally occur. The distribution of this worm is cosmopolitan. D. hospes is confined to Africa. Sometimes the eggs can be found in faeces when the person in question has recently eaten infected liver. In this case no actual infection occurs. A true infection may follow accidental swallowing of an infected ant. The adult worms are found in the bile ducts. In a severe infection obstruction may occur, with or without cholangitis. Praziquantel is used to treat.

10.3.12  Trematodes, Diorchitrema sp. 

These trematodes belong to the Heterophyidae. Little is known about them. People can become infected with Diorchitrema amplicaecale XE "Diorchitrema amplicaecale: helminthiasis, other Trematodes" , D. formosanim XE "Diorchitrema formosanim: helminthiasis, other Trematodes"  or D. pseudocirratum XE "Diorchitrema pseudocirratum: helminthiasis, other Trematodes"  by eating fish containing metacercariae (e.g. in Japanese sushi or sashimi).

10.3.13  Trematodes, Diplostomum spathaceum
The trematode Diplostomum spathaceum XE "Diplostomum spathaceum: helminthiasis, other Trematodes"  belongs to the Diplostomatidae. Snails (Lymnaea) and freshwater fish are intermediate hosts. The parasite causes significant morbidity and mortality in numerous species of freshwater fish in Europe and North America. The metacercariae affect the eyes (hence the name “eye fluke”) and other parts of these animals. The adult parasite normally infects fish-eating birds, including sea-gulls. It is located in the intestines. The cercariae may actively penetrate through human skin and migrate to the eye. Little is known about treatment of infection in humans.

10.3.14  Trematodes, Echinochasmus sp.

These trematodes belong to the Echinostomatidae. Cats, dogs, rats and herons are final hosts for some species of this genus. Snails (including Parafossarulus sp.) are the first intermediate hosts. Echinochasmus japonicus XE "Echinochasmus japonicus: helminthiasis, other Trematodes" , E. cinetorchis XE "Echinochasmus cinetorchis: helminthiasis, other Trematodes" , E. liliputanus XE "Echinochasmus liliputanus: helminthiasis, other Trematodes" , E. fujianensis XE "Echinochasmus fujianensis: helminthiasis, other Trematodes" , E. angustitestis XE "Echinochasmus angustitestis: helminthiasis, other Trematodes" , E. perfoliatus XE "Echinochasmus perfoliatus: helminthiasis, other Trematodes"  and E. jiufoensis XE "Echinochasmus jiufoensis: helminthiasis, other Trematodes"  are worms which regularly cause infections in humans. They are found in the Far East (China, Korea). The transmission of E. japonicus and E. perfoliatus is via ingestion of freshwater fish infected with metacercariae. People can become infected with E. liliputanus cercariae by drinking unboiled water. The adult worm is found in the intestine. The symptoms are aspecific abdominal discomfort, a feeling of distension and anorexia. Although the effectiveness of mebendazole is lower than that of praziquantel, the former still has a high success percentage (negativation of eggs in faeces in 70-85%). Pyquiton has been used for therapy with good results.

10.3.15  Trematodes, Echinoparyphium recurvatum
The trematode Echinoparyphium recurvatum XE "Echinoparyphium recurvatum: helminthiasis, other Trematodes"  belongs to the Echinostomatidae. These parasites have a life cycle which includes snails (Lymnaea, Planorbis, Radix, Acroloxus) and subsequently tadpoles, frogs, snails or bivalves may be infected. Various birds are the final hosts, but rats may also become infected. The parasite is found in Asia, Europe, Africa and America. Echinoparyphium recurvatum has an antagonistic effect on Schistosoma haematobium in Bulinus truncates snails. The parasite was studied in the past in order to make use of this phenomenon to combat bilharziosis. It was not used in practice, however.

10.3.16  Trematodes, Echinostoma sp.

These trematodes belong to the Echinostomatidae. Species belonging to the genus Echinostoma are often found in Southeast Asia. These are quite small organisms which as adult parasites are found in the intestinal lumen. Echinostoma hortense XE "Echinostoma hortense: helminthiasis, other Trematodes" , E. malayanum XE "Echinostoma malayanum: helminthiasis, other Trematodes" , E. cinetorchis XE "Echinostoma cinetorchis: helminthiasis, other Trematodes" , E. echinatum XE "Echinostoma echinatum: helminthiasis, other Trematodes"  (synonym E. lindoense), E. ilocanum, E. macrorchis, E. revolutum and E. japonicus are intestinal trematodes. E. jassyense is also known as E. melis. They are mainly found in Asia. People become infected (depending on the species) via eating infected frogs, snails containing metacercariae or infected fish. The adult worms are found in the lumen of the small intestine. They may sometimes cause intestinal ulcers. Echinostomatosis is often asymptomatic or accompanied by minor abdominal discomfort. Praziquantel is the treatment of choice.

10.3.17  Trematodes, Episthmium caninum
The trematode Episthmium caninum XE "Episthmium caninum: helminthiasis, other Trematodes"  belongs to the Echinostomatidae. Eggs from this parasite have been found in the faeces of a patient in Thailand. Little is known about this organism and the clinical consequences of infection. The snail which is assumed to be the first intermediate host, has not yet been identified. Fish are the intermediate hosts and they transmit the infection to humans. Birds are the usual final hosts, mammals are rarely infected.

10.3.18  Trematodes, Eurytrema pancreaticum
The trematode Eurytrema pancreaticum XE "Eurytrema pancreaticum: helminthiasis, other Trematodes"  belongs to the Dicrocoeliidae. The first intermediate host is a land snail (Bradybaena). Infection with this parasite may result from eating a grasshopper infected with metacercariae. There are various final hosts, but chiefly sheep and cattle are infected. The adult worm is found in the pancreas, in the Wirsung duct. It is approximately 1 cm long.

10.3.19  Trematodes, Fasciolopsis buski
Cd_1092_046c.jpg

The trematode Fasciolopsis buski XE "Fasciolopsis buski: helminthiasis, other Trematodes"  belongs to the Fasciolidae. Infections occur frequently in a few specific geographical areas of India, Bangladesh, Southeast Asia, China and Taiwan. The adult worm is approximately 3 cm long (sometimes as large as 7.5 cm) and is thus the largest trematode which infects humans. The adult worm is found in the lumen of the small intestine. The worm’s first intermediate hosts are snails belonging to the genera Hippeutis, Segmentina and Gyraulus. People become infected by swallowing water plants on which there are metacercariae (e.g. Trapa natans XE "Trapa natans: helminthiasis, other Trematodes"  and related species, Eliocharis tuberosa XE "Eliocharis tuberosa: helminthiasis, other Trematodes" ,  XE "Zizania aquatica: helminthiasis, other Trematodes" Eichhornia crassipes XE "Eichhornia crassipes: helminthiasis, other Trematodes" ). The usual final hosts are pigs. Dogs may also become infected, but are less important in transmission. In humans infection is usually asymptomatic. Severe infections result in vague abdominal discomfort, anorexia, diarrhoea and signs of malabsorption. Sometimes significant amounts of protein may be lost via the intestine, resulting in oedema and cachexia. The worms are sensitive to praziquantel. Generally there is spontaneous recovery after 6 months.

10.3.20  Trematodes, Fibricola sp. XE "Fibricola sp. : helminthiasis, other Trematodes" 
For trematodes of the genus Fibricola, see: Neodiplostomum seoulensis.

10.3.21  Trematodes, Gastrodiscoides hominis 
The trematode Gastrodiscoides hominis XE "Gastrodiscoides hominis: helminthiasis, other Trematodes"  belongs to the Paramphistomatidae. Infections are not unusual. Gastrodiscoides hominis occurs in India (Assam), Southeast Asia, the Philippines and the former Soviet Union. The parasite is conical and coloured pink. People become infect by eating infected plants. The life cycle is not fully known, but is probably similar to that of Fasciolopsis buski, with snails and water plants are actually infected. The snail Helicorbis coenosus can be infected experimentally. The worm infects pigs, cattle, primates and rodents. The adult worms are found in the small intestine and colon (caecum). Adult worms are 5-8 mm long and 5-14 mm wide at the ventral sucker. They use this ventral sucker to attach to the mucosa. Most infections are asymptomatic. Severe infections are accompanied by abdominal pain and mucoid diarrhoea. The diagnosis is made from faecal analysis. Praziquantel is effective as treatment.

10.3.22  Trematodes, Gymnophalloides sp.

Gymnophalloides seoi belongs to the Gymnophallidae. It is a parasite which has birds as its final hosts, including the oyster-catcher (Haematopus ostralegus). Oysters such as Crassostrea gigas XE "Crassostrea gigas: helminthiasis, other Trematodes"  form an important intermediate host for this trematode. These animals may contain countless metacercariae. This parasitosis is an important disease for these animals. The infection is common in Shinangun, Korea. Oyster beds in Japan are also often infected. People become infected by eating raw infected oysters. Epigastralgia may result. The eggs measure 19-21 x 14-16 micrometers.

10.3.23  Trematodes, Haplorchis sp.

These trematodes belong to the Heterophyidae. Haplorchis yokogawai XE "Haplorchis yokogawai: helminthiasis, other Trematodes" , H. taichui XE "Haplorchis taichui: helminthiasis, other Trematodes" , H. microrchis XE "Haplorchis microrchis: helminthiasis, other Trematodes" , H. pleurolophocerca XE "Haplorchis pleurolophocerca: helminthiasis, other Trematodes" , H. vanissimus XE "Haplorchis vanissimus: helminthiasis, other Trematodes"  and H. pumilio XE "Haplorchis pumilio: helminthiasis, other Trematodes"  are worms which usually parasitise cats and dogs. H. vanissimus has birds as its final host. H. yokogawai can infect dogs, cats, cattle, monkeys and fish-eating water birds. Depending on the parasite species Melania, Melanoides or Stenomelania snails are the first intermediate hosts. Humans become infected when they eat a fish infected with metacercariae. There is infection of the intestine, but eggs can occasionally also be found in the spinal cord and the heart.

10.3.24  Trematodes, Heterophyes sp.
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These trematodes belong to the Heterophyidae. Heterophyes heterophyes XE "Heterophyes heterophyes: helminthiasis, other Trematodes"  was until recently quite common, certainly in Egypt. The adult flukes are found in the lumen of the small intestine. Snails of the genera Pironella and Cerithidea act as the first intermediate host. The subsequent intermediate hosts are various fish, including Tilapia. Cats, dogs and fish-eating mammals are the usual final hosts. People become infected by eating fish infected with metacercariae. Related trematodes are H. dispar XE "Heterophyes dispar: helminthiasis, other Trematodes" , H. equalis XE "Heterophyes equalis: helminthiasis, other Trematodes" , H. katsuradai XE "Heterophyes katsuradai: helminthiasis, other Trematodes" , H. nocens XE "Heterophyes nocens: helminthiasis, other Trematodes"  and H. continua XE "Heterophyes continua: helminthiasis, other Trematodes" . Infection with this last species is much less common. Most infections are asymptomatic.

10.3.25  Trematodes, Heterophyopsis continua
Only a few infections with the trematode Heterophyopsis continua have been reported in the medical literature (from the Far East). Praziquantel is probably active against this worm.

10.3.26  Trematodes, Himasthla muehlensi
The trematode Himasthla muehlensi XE "Himasthla muehlensi: helminthiasis, other Trematodes"  belongs to the Echinostomatidae. Molluscs (Venus sp.) are probably the intermediate hosts. Birds are usually the final hosts. To date, however, only one case of infection in a human has ever been reported. 

10.3.27  Trematodes, Hypoderaeum conoideum 
The trematode Hypoderaeum conoideum XE "Hypoderaeum conoideum: helminthiasis, other Trematodes"  belongs to the Echinostomatidae. It can infect humans and in the north-east of Thailand this is relatively frequent. Infections with this parasite also occur in Taiwan. The adult worms are found in the lumen of the small intestine. Snails (Lymnaea, Planorbis) are the first intermediate hosts. Snails and tadpoles are the second intermediate hosts. The final hosts are various birds (geese). People become infected by eating infected snails. Most infections are subclinical. Praziquantel is probably a good choice as treatment.

10.3.28  Trematodes, Isoparorchis hypselobagri
The trematode Isoparorchis hypselobagri XE "Isoparorchis hypselobagri: helminthiasis, other Trematodes"  belongs to the Isoparorchidae. It has snails of the genus Posticobia as its first intermediate host. The adult worm is found in the swim bladder of freshwater fish. e.g. catfish (Wallagu attu). It has a special haemoglobin with a noticeably high affinity for oxygen. People become infected by eating an infected fish. Infections in humans only occur occasionally. Symptoms are minor.

10.3.29  Trematodes, Metagonimus sp.

These trematodes belong to the Heterophyidae. Metagonimus yokogawai XE "Metagonimus yokogawai: helminthiasis, other Trematodes"  (synonym Heterophyes yokogawai) is a small parasite which has snails of the genera Semisulcospira and Thiara as its first intermediate host. The parasite subsequently infects cypriniform fish. Cats, dogs and fish-eating water birds are the normal final hosts. The adult worm is found in the lumen of the small intestine. Infections in humans are not unusual, but are generally asymptomatic. Infections occur in China, Taiwan, Japan, Korea, Indonesia, the Philippines and Russia (Siberia). M. minutus XE "Metagonimus minutus"  is a trematode which only rarely causes infection in humans. Praziquantel is the treatment of choice.

10.3.30  Trematodes, Metorchis sp.

These trematodes belong to the Opisthorchidae. Metorchis albidus XE "Metorchis albidus: helminthiasis, other Trematodes"  and M. conjunctus XE "Metorchis conjunctus: helminthiasis, other Trematodes"  occur in the far north (Alaska, Greenland). M. conjunctus is known to have the snail Amnicola limosa as its first intermediate host. Various fish are subsequent intermediate hosts. Cats, dogs and fish-eating mammals are final hosts. People become infected with these small parasites by eating fish infected with metacercariae. The adult worms are found in the bile ducts. Infections are often asymptomatic, but in severe infestation there may be aspecific abdominal discomfort. Praziquantel is used in treatment.

10.3.31  Trematodes, Microphallus minus
Only a few experimental infections with the trematode Microphallus minus XE "Microphallus minus: helminthiasis, other Trematodes"  have been reported. 

10.3.32  Trematodes, Nanophyetus sp. 

These trematodes belong to the Nanophyetidae. These parasites are also known by the synonym Troglotrema. The parasites occur in mammals which frequent the coast of the Pacific Ocean in Canada and Alaska (Nanophyetus salmincola XE "Nanophyetus salmincola: helminthiasis, other Trematodes" ) and in Eastern Siberia (N. schikhobalowi XE "Nanophyetus schikhobalowi: helminthiasis, other Trematodes" ). N. schikhobalowi and N. salmincola have as their natural final hosts the raccoon, skunk, dog, fox, cat, opossum and fish-eating birds and mammals. The parasite is small: 2 x 0.5 mm. The eggs measure 80 x 50 micrometers. They are yellowish brown with an operculum which is difficult to see with an optical microscope. They are very similar to the eggs of the fish tapeworm Diphyllobothrium latum. After the eggs reach the outside world from the small intestine via the faeces, they hatch within 3 months. The parasites then penetrate water snails belonging to the genera Oxytrema, Goniobasi and Semisulcospira. Sporocysts, rediae and daughter rediae are produced in these molluscs. Subsequently cercariae are released and these penetrate salmonoids (e.g. salmon, trout). The parasite becomes infectious within a very short time (10 days) after entering a salmon, although it can survive for up to 5 years. This long survival time makes it possible for salmon which make an anadromous migration to be responsible for infection of land-living mammals. [Anadromous fish remain for their whole adult lives in saltwater only returning to freshwater to spawn. The parasites are able to survive the sojourn in the ocean]. If humans eat raw or insufficiently cooked fish, infection may follow. The prepatent period is 5-8 days and is followed by abdominal pain, diarrhoea and eosinophilia. The parasite itself can become infected by a bacterium: Neorickettsia helminthoeca, which is known as the Elokomin fluke fever agent. Eating raw salmon or trout may cause haemorrhagic enteritis in dogs. However this is not caused by the worm, but the bacterium. The condition is called “salmon poisoning” and is characterised by sudden fever, vomiting, diarrhoea (possibly with blood), discharge from the eyes and lymphadenopathy. Mortality may be up to 50-90%, but if the dog survives (possibly with the help of tetracyclines) it is immune. Previously it was mistakingly thought that the salmon itself was toxic for dogs. 

10.3.33  Trematodes, Neodiplostomum seoulensis
This trematode belongs to the Diplostomatidae. The parasite was renamed from Fibricola seoulensis to Neodiplostomum seoulensis XE "Neodiplostomum seoulensis: helminthiasis, other Trematodes" . Some cases of infection have been reported from Korea, where it was first described in 1964. The adult worm is very small: 1 to 2 mm long. It has a typically constricted body with a large anterior part and a smaller posterior part. The posterior part contains the striking testes which stain bright red with carmine stain. At the constriction is the uterus. As with most trematodes, this parasite is hermaphrodite. Snails (Hippeutis) are the first intermediate hosts. Fish are subsequent intermediate hosts. Frogs and snakes (Rhabdophis) are paratenic intermediate hosts. Rats may become infected. People become infected via metacercariae in frogs or snakes. Related parasites, as for example Fibricola cratera, can infect raccoons. Whether accidental infections with this last parasite also occur in humans, is still unclear. The adult worm is found in the intestine. Vague abdominal discomfort and flatulence may occur. Infected animals develop atrophy of the intestinal villi and hyperplasia of the crypts. These changes are reversible after therapy with praziquantel.

10.3.34  Trematodes, Opisthorchis sp.
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These trematodes belong to the Opisthorchidae. Some species of the genus Opisthorchis cause infections in humans occasionally while other species do so quite frequently. Opisthorchis guayaquilensis XE "Opisthorchis guayaquilensis: helminthiasis, other Trematodes"  and O. noverca XE "Opisthorchis noverca: helminthiasis, other Trematodes"  only cause sporadic infections. O. felineus XE "Opisthorchis felineus: helminthiasis, other Trematodes"  (syn. O. tenuicollis) has endemic foci in water reservoirs and river deltas. It is a common parasite in Siberia. Snails of the genus Bythinia are its first intermediate host. Cypriniform fish are subsequent intermediate hosts. Normal final hosts include dogs, cats and pigs. The adult worm is found in the bile ducts. Recurrent cholangitis may occur. People become infected by eating an infected fish. 

*

Opisthorchis viverrini is common in humans in North Thailand. Bithynia snails are the first intermediate host. Various freshwater fish are intermediate hosts. The adult worm is found in the bile ducts where it is responsible for recurrent cholangitis, but the majority of infections are subclinical. 

*

Opisthorchis sinensis XE "Opisthorchis sinensis: helminthiasis, other Trematodes"  (previously called Clonorchis sinensis) is a very common parasite in Southeast Asia. The adult worms are found in the biliary tract or the Wirsung duct in the pancreas. The first intermediate hosts are snails (Bythinia, Assiminea, Melanoides, Parafossarulus). Subsequently cypriniform fish become infected. Cats, dogs, pigs and fish-eating carnivores are the normal final hosts. People become infected by eating infected fish. The parasitosis is a problem not only because of the direct damage to the biliary tract and the risk of pancreatitis, but also due to the risk of bile duct carcinoma (cholangiocarcinoma) for those infected. Praziquantel is the treatment of choice for this infection.

10.3.35  Trematodes, Paryphostomum sufrartyfex
The trematode Paryphostomum sufrartyfex XE "Paryphostomum sufrartyfex: helminthiasis, other Trematodes"  belongs to the Psilostomatidae. The parasite may infect humans, but almost nothing is known about this worm. The snail Digoniostoma pulchella is thought to be the intermediate host. The final hosts are dogs, pigs and rats. Probably Artyfechinostomum sufrartyfex is identical to this worm.

10.3.36  Trematodes, Phaneropsolus sp.

These trematodes belong to the Lecithodendriidae. Infection with Phaneropsolus bonnei XE "Phaneropsolus bonnei: helminthiasis, other Trematodes"  is common in northern Thailand. High focal prevalence may be reached. The normal hosts for P. bonnei are monkeys, but bats may also be final hosts. P. spinicirrus XE "Phaneropsolus spinicirrus: helminthiasis, other Trematodes"  has been found in human faeces in northern Thailand. These trematodes are found as adult worms in the small intestine. P. bonnei XE "Phaneropsolus bonnei: helminthiasis, other Trematodes"  eggs measure 30-32 x 15-16 micrometers. They are very similar to those of Metagonimus and Heterophyes. The eggs of P. bonnei are thinner and longer than those of Prosthodendrium molenkampi. Transmission is via eating small fish which have themselves eaten infected larval odonates (dragonfly, see transmission of Prosthodendrium molenkampi). Vague abdominal discomfort may result from these infections. Praziquantel is used in treatment.

10.3.37  Trematodes, Philophthalmus lacrymosus
This trematode belongs to the Philophthalmidae. Only one case of infection in humans by Philophthalmus lacrymosus XE "Philophthalmus lacrymosus: helminthiasis, other Trematodes"  has been described and that was in Yugoslavia. Birds are the normal final host. The adult worm is found in the eye (conjunctiva). 

10.3.38  Trematodes, Plagiorchis sp.

These trematodes belong to the Plagiorchiidae. Plagiorchis javanensis XE "Plagiorchis javanensis: helminthiasis, other Trematodes" , P. hiranasuta XE "Plagiorchis hiranasuta: helminthiasis, other Trematodes" , P. muris XE "Plagiorchis muris: helminthiasis, other Trematodes"  and P. philippinensis XE "Plagiorchis philippinensis: helminthiasis, other Trematodes"  rarely cause infections in humans. These parasites normally infect birds, amphibians and bats. The life cycles are not yet fully known. Humans may be infected by eating insect larvae infected with metacercariae although this is not yet firmly established. The adult worms are found in the small intestine. Infections are generally asymptomatic or accompanied by minor abdominal discomfort.

10.3.39  Trematodes, Poikilorchis congolensis
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The trematode Poikilorchis congolensis XE "Poikilorchis congolensis: helminthiasis, other Trematodes"  belongs to the Achillurbainiidae. It is found in Central Africa (Congo), Nigeria and Sarawak. The life cycle is unknown. This parasite causes retro-auricular cysts and abscesses. The eggs which are found in the pus are similar to Paragonimus eggs, but are smaller. Treatment is surgical. It is not known whether praziquantel is of any benefit.

10.3.40  Trematodes, Procerovum calderoni
The trematode Procerovum calderoni XE "Procerovum calderoni: helminthiasis, other Trematodes"  belongs to the Heterophyidae. Its distribution includes China and the Philippines. Snails of the genera Melania and Thiara are the first intermediate host. Subsequently the larvae infect various fish. Dogs and cats are the natural final hosts. The adult worm is found in the lumen of the small intestine. Infections in humans are rare. People may become infected by eating fish infected with metacercariae. Although P. varium XE "Procerovum varium: helminthiasis, other Trematodes"  is infectious experimentally, no natural cases have been recorded.

10.3.41  Trematodes, Prohemistomum vivax
The trematode Prohemistomum vivax XE "Prohemistomum vivax: helminthiasis, other Trematodes"  belongs to the Cathycotylidae. Snails (Cleopatra, Melanopsis) are the first intermediate hosts. Freshwater fish are the second intermediate hosts. Fish-eating birds are the normal final hosts. People become infected by eating parasitised fish. Infections with this parasite are rare.

10.3.42  Trematodes, Prosthodendrium molenkampi 
The trematode Prosthodendrium molenkampi XE "Prosthodendrium molenkampi: helminthiasis, other Trematodes"  belongs to the Lecithodendriidae. Infections occur in foci in northern Thailand and in Indonesia. The normal hosts are rats and bats. P. molenkampi eggs have a smooth shell. They reach the outside world via the faeces. After hatching the parasite infects a water snail. The cercariae which are released are in turn attacked by larval odonates (dragonflies), after which the latter become infected. These insect larvae are regarded as a delicacy in the rural areas of Southeast Asia. Eating fish which have fed on these insects can also lead to infection. Apparently there are few clinical consequences of this parasitosis. 

10.3.43  Trematodes, Pseudamphistomum sp. 

These trematodes belong to the Opisthorchidae. The parasite is found in Russia. Very little is known about Pseudamphistomum aethiopicum XE "Pseudamphistomum aethiopicum: helminthiasis, other Trematodes" . Freshwater fish are the intermediate hosts. Cats, dogs, weasels and foxes are the final hosts. Cystic nodules resulting from infection with P. aethiopicum are sometimes found in humans, in the wall of the small intestine. The first case in humans of infection with P. truncatum XE "Pseudamphistomum truncatum: helminthiasis, other Trematodes"  was described in 1982. The adult trematode is found in the liver. People become infected by eating parasitised fish.

10.3.44  Trematodes, Psilorchis hominis
There are no reliable data concerning human infections with the trematode Psilorchis hominis XE "Psilorchis hominis: helminthiasis, other Trematodes" .

10.3.45  Trematodes, Pygidiopsis summa
The trematode Pygidiopsis summa XE "Pygidiopsis summa: helminthiasis, other Trematodes"  belongs to the Heterophyidae. Infection of humans is exceptional. A few infections have been reported from Korea. Fish which live in brackish water are the intermediate hosts of this trematode. The parasite then infects fish-eating birds which become carriers of metacercariae. The adult worm is found in humans in the lumen of the small intestine. The number of adult worms may be quite high: up to thousands in one person. The parasite is very small: 0.52 – 0.82 mm and 0.31-0.39 mm broad. The body becomes narrower at the front and is blunt at the rear. The eggs are smaller than those of Metagonimus or Heterophyes. They only measure 19-24 x 11-13 micrometers. Praziquantel is probably active against this parasite.

10.3.46  Trematodes, Stellantchasmus sp. 

These trematodes belong to the Heterophyidae. Stellantchasmus falcatus XE "Stellantchasmus falcatus: helminthiasis, other Trematodes"  and S. amplicaecalis XE "Stellantchasmus amplicaecalis: helminthiasis, other Trematodes"  are parasites which rarely cause infection in humans. S. falcatus is found in Hawaii, Japan, Korea, the Philippines and Thailand. S. amplicaecalis has once been described in Taiwan. The worm has snails of the genera Stenomelania and Thiara as its first intermediate host. Subsequently various species of fish may become infected. Cats, dogs, rats and fish-eating birds are the normal final host. The adult worm is found in the intestine. There is insufficient experience of the treatment of human infestations, but praziquantel seems a logical choice.

10.3.47  Trematodes, Stictodora fuscatum 
The trematode Stictodora fuscatum XE "Stictodora fuscatum: helminthiasis, other Trematodes"  belongs to the Heterophyidae. It was first described in 1988 (Japan, Korea). It is a parasite which has fish-eating birds as its normal final host. People become infected by eating fish infected with metacercariae. There are insufficient data to give therapeutic guidelines.

10.3.48  Trematodes, Watsonius watsoni
The trematode Watsonius watsoni XE "Watsonius watsoni: helminthiasis, other Trematodes"  belongs to the Paramphistomatidae. Various primates are its normal final host. The parasite very rarely causes infection in humans. Some infections have been described in Nigeria and Namibia. The worms are found on the mucosa of the small intestine. People are probably infected via metacercariae on water plants. There are insufficient data to give therapeutic guidelines.

10.4 Other worm infections: Acanthocephala

10.4.1 Acanthocephala, General

Thorny-headed worms or Acanthocephala are unusual parasites of humans. They have no intestine and absorb food through their skin. At the front the animals have a mobile proboscis with hooks in rows pointing backwards. With these they attach themselves to the intestinal epithelium of their normal final host. They can move about by waving the muscular proboscis back and forth. Thorny-headed worms have separate sexes. The eggs reach the outside world in the faeces of the final host. They then need to be eaten by the intermediate host (a crustacean or insect). For further development it is necessary for the intermediate host to be eaten by the final host (a vertebrate). Some species have more than one intermediate host. Most thorny-headed worms live less than one year. 

10.4.2 Acanthocephala, Acanthocephalus rauschi
Acanthocephalus rauschi XE "Acanthocephalus rauschi: other worm infections, Acanthocephala"  is a thorny-headed worm which infects humans very rarely. The life cycle is unknown. It is assumed that infection may result from swallowing an intermediate host or a paratenic host. The parasite is found in the peritoneum.

10.4.3 Acanthocephala, Bolbosoma sp.

Thorny-headed worms belonging to the genus Bolbosoma XE "Bolbosoma sp: other worm infections, Acanthocephala"  may infect humans very exceptionally. Two cases have been reported from Kyushu, Japan. The adult parasite is found in the jejunum and may cause acute peritonitis by perforating the intestinal wall. Possibly the presence of countless hooks on the proboscis and the anterior, thickened part of the body of this parasite play a part in this. The life cycle is not yet completely clear, but probably marine crustaceans are first intermediate hosts, fish are second intermediate hosts and whales are final hosts.

10.4.4 Acanthocephala, Corynosoma strumosum
This is a thorny-headed worm which has been reported in humans. Corynosoma strumosum XE "Corynosoma strumosum: other worm infections, Acanthocephala "  is probably a pseudoparasite.

10.4.5 Acanthocephala, Macracanthorhynchus sp. 
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Macracanthorhynchus ingens XE "Macracanthorhynchus ingens: other worm infections, Acanthocephala "  is a thorny-headed worm which normally parasitises carnivores such as raccoons and skunks. Various arthropods, frogs and snakes are intermediate hosts. M. hirudinaceus is a thorny-headed worm which was previously classified as a nematode. Nowadays it is classified in the Archiacanthocephala. The normal final host is the pig. Wild pigs can also become infected, as can dogs and monkeys. The parasite is cosmopolitan, with the exception of Western Europe. The adult worms are large: female worms are up to 35 cm long, males measure up to 10 cm. They are coloured pink and the cuticula is transversely folded so that it appears segmented. The proboscis has 6 rows of hooks. The female parasite lays some 80,000 eggs per day. The eggs measure 67-110 x 40-65 micrometers and have a thick, dark brown shell. When the eggs reach the outside world in the faeces, they are consumed by beetle larvae which feed on pig dung. The parasites then undergo a number of development stages: from acanthor to acanthella to cystacanth. These stages are completed in the beetle in 3 to 6 months. When a pig eats an infected beetle, the cystacanth excysts in the intestine and attaches itself to the intestinal wall. The prepatent period is 2 to 3 months. Infections in humans occur very rarely. If infected beetles are eaten by humans (e.g. as an ingredient in traditional medicine), the parasites attach to the intestinal mucosa. The parasites penetrate the intestinal wall and thus reach the peritoneum. Using its proboscis which is covered in hooks, the parasite attaches itself firmly, after which there is inflammation and granuloma formation. The result is acute abdominal pain, eosinophilic enteritis and possibly intestinal perforation with peritonitis and abscess formation. Diagnosis is made by laparotomy or by detecting eggs in the faeces. Praziquantel is active against the worm.

10.4.6 Acanthocephala, Moniliformis moniliformis
Moniliformis moniliformis XE "Moniliformis moniliformis: other worm infections, Acanthocephala"  is a thorny-headed worm which occasionally infects humans, in Japan and elsewhere. It belongs to the Acanthocephala. It has a cosmopolitan distribution. Various insects, including cockroaches, are intermediate hosts. Amphibians, reptiles and rodents (rats) may become parasitised by feeding on these parasitised arthropods. The adult parasite is found in the small intestine. 

10.4.7 Acanthocephala, Pseudoacanthocephalus bufonis
The thorny-headed worm Pseudoacanthocephalus bufonis XE "Pseudoacanthocephalus bufonis: other worm infections, Acanthocephala"  is probably a pseudoparasite.

Other worm infections: Pentastomida

10.4.8 Pentastomida, Armillifer sp. 

Armillifer armillatus XE "Armillifer armillatus: other worm infections, Pentastomida" , A. moniliformis XE "Armillifer moniliformis: other worm infections, Pentastomida"  and A. grandis XE "Armillifer grandis: other worm infections, Pentastomida"  belong to the Pentastomida or tongue-worms. The taxonomical classification of these organisms is not clear. These parasites are sometimes regarded as related to Crustacea (Branchiura), the evidence being the characteristic structure of the sperm cells. Pentastomids are hermaphroditic. Infection with A. armillatus frequently occurs in foci, certainly in Congo. Various mammals are intermediate hosts. Pythons and adders are the normal final hosts. The parasites are found in the respiratory passages of these reptiles. People become infected by eating an infected snake, by taking infected food or water. The nymphs are found in the liver, spleen, lungs and under the conjunctiva. Comma-shaped calcifications may be observed on an X-ray of the abdomen. The infection is also known as porocephalosis and is usually without symptoms if the parasites are only located in the abdomen. If located in the eye the parasite should be surgically removed.
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10.4.9 Pentastomida, Liguatula serrata
Infections with Linguatula serrata XE "Linguatula serrata: other worm infections, Pentastomida"  are not common, but do occur in many areas. This parasite belongs to the Pentastomida. A number of herbivores are intermediate hosts. Carnivores are the normal final host. The larvae are found in tissue cysts, chiefly in the mesenteric lymph nodes and the adults in the respiratory system and sinuses. If the adults attach to the human throat, they produce acute respiratory problems and local swelling. Mechanical removal of the parasite solves the problem.

10.4.10 Pentastomida, Pentastoma najae
To date only one case of infection with Pentastoma najae XE "Pentastoma najae: other worm infections, Pentastomida"  has been reported. This parasite belongs to the Pentastomida. The normal hosts are snakes. People become infected by eating an infected snake or by eating food contaminated with snake secretions.

10.5 Other worm infections: Turbellaria

10.5.1 Turbellaria, Bipalium sp.

Worms of the genus Bipalium belong to the Turbellaria. Turbellaria are free-living, non-parasitising ciliate worms. Bipalium fuscatum XE "Bipalium fuscatum: other worm infections, Turbellaria" , B. kewense XE "Bipalium kewense: other worm infections, Turbellaria"  and B. venosum XE "Bipalium venosum: other worm infections, Turbellaria"  are pseudoparasites which are of no importance in medicine.

11 Exercises XE "Helminthiasis: exercises" 
1. Gambia. A mother asks for advice. Her daughter’s faeces contained several worms. You ask the length of the parasites. What do you think if the mother replies 30 cm, or 1 cm, or 3 cm?

2. Is there a clinically important difference between Taenia solium and Taenia saginata? Is it possible to differentiate the eggs under a microscope?

3. Congo. A 29-year-old man has been coughing for five weeks. There is eosinophilia. Sputum for acid-fast bacilli is negative. Your colleague asks whether the man ate crabs a few months ago. What diagnosis is he considering?

4. Mexico. Epilepsy is common in the region where you work. Which parasitic cause needs to be ruled out? What would you advise as prevention?

5. Brazil. A woman has had problems for one week with a swollen, puffy face, chiefly around the eyes. Do you consider trichinellosis, Chagas’ disease or nephrotic syndrome? What do you do? Are there simple tests which can help in your diagnosis?

6. Vietnam. A man has diarrhoea. Examination of the faeces for parasites shows: "Countless eggs of Trichinella spiralis". What do you think and what do you do?

7. Northern Thailand. You are asked if eating raw fish is dangerous. What is your answer, what are your reasons?

8. Jamaica. A 15-year-old girl is suffering from anal itch. There are no haemorrhoids and repeated Scotch tape tests have shown no oxyurids. She has not noticed any Taenia proglottids. There are a few itching lines moving under the skin. What do you think and what do you do?

9. Tobago (Trinidad). Which worms lead to important anaemia?

10. Haiti. A girl has had fever for 2 months and is clearly emaciated. She coughs often. In the stools Ascaris eggs are observed. What do you think?

11. If all the snails in an area are destroyed, will this have an effect on nematode, trematode or cestode infections?

12. Do all the trematode infections transmitted by food involve hermaphrodite parasites?

13. Farouk is a deeply devout Muslim and works as an archaeologist in rural Mexico, together with his German friend Jurgen and his American colleague John. Jurgen is a vegetarian and John likes his daily portion of meat. Can Farouk and Jurgen develop cysticercosis? Can John?

14. See last question. If Farouk should develop cysticercosis, should he then ask himself whether he has sinned by eating “impure” pork?

15. Lesotho. A Swiss family of 4 people. The father suffers regularly from anal itch. He has noticed oxyurids and taken mebendazole (Vermox®). After a month the same symptoms return. The whole family is now treated with Vermox®. However, there is another relapse after 4 weeks. Do you now consider resistance, exogenous re-infection or incomplete treatment? 

16. Congo. You suspect trichinellosis in a patient. A small muscle biopsy is surgically removed from the quadriceps. This muscle fragment is pressed between 2 glass slides. Can you look at the whole biopsy to find the encapsulated larvae with a simple magnifying glass or do you need a microscope?

17. Bolivia. You are working in the northern Altiplano, between Lake Titicaca and the capital. This is a region with many animals (sheep, cattle, pigs, goats, horses, donkeys, llamas, alpacas). Would this information be important to explain the high incidence of fasciolasis?
Trichinella spiralis infections are not limited to tropical regions.








