Schistosomiasis

1 Summary XE "Schistosomiasis: summary" 
· Schistosomiasis or bilharziosis: infection with small blood flukes

· S. haematobium, S. mansoni, S. japonicum and S. intercalatum are the most common

· Transmission via skin contact with contaminated water (water with cercariae)

· Symptoms depend upon worm load (number of worms), anatomical location of parasites, duration of infection and individual susceptibility :

1. Short-lasting pruritus after transcutaneous infection

2. Katayama syndrome a few weeks after 1st infection (beginning of egg production). Fever, cough, influenza-like symptoms, abdominal pain, eosinophilia, splenomegaly

3. Ectopic localisations with e.g. neurological lesions sometimes occur, usually after 1st infection

4. Chronic lesions due to S. haematobium: 

( haematuria, hydronephrosis, renal insufficiency, increased risk of bladder carcinoma, genital lesions

( right heart decompensation due to pulmonary hypertension secondary to lung fibrosis

5. Chronic lesions due to S. mansoni and S. japonicum:

( abdominal discomfort, bloody diarrhoea

( hepatic fibrosis with portal hypertension, oesophageal varices, ascites, hepatosplenomegaly

· Treatment with praziquantel

2 General XE "Schistosomiasis: general" 
Schistosomiasis or bilharziasis is a disease caused by flatworms (trematodes or flukes). There are 3 main species: Schistosoma haematobium XE "Schistosoma haematobium: schistosomiasis, general" , S. mansoni XE " Schistosoma. mansoni: schistosomiasis, general"  and S. japonicum XE " Schistosoma japonicum: schistosomiasis, general" . There are a few other species that regularly infect humans, but these are less widespread: S. mekongi and XE " Schistosoma mekongi: schistosomiasis, general"  S. intercalatum XE " Schistosoma intercalatum: schistosomiasis, general" . Approximately 160 million people throughout the world are infected, a minority of whom are severely infected. 

*

The infection was first described by Dr. Theodore Bilharz (1825-1862) when he was working in the Kasr-el-Aini hospital in Cairo. In a letter to Professor von Siebold in 1851 he wrote down his findings from a post-mortem examination:

"After my attention had been drawn to the liver, I soon found a considerable number of long white helminths in the blood of the portal vein. I assumed that these were nematodes although I immediately recognised them as something new. The microscope revealed a splendid distomum with a flat body and a curving tail which exceeded the body by about ten times in length. Yet the tail was not loosely inserted like those of the cercariae but was the continued flat substance of the body of the worm itself which was rolled at the side against the abdominal surface to a half-channel."… “I soon found samples of the worm which harboured a grey thread in the canal of their tails. You can picture my surprise when I saw that a trematode projected out of the anterior opening of the canal."
*

Five species of schistosomes are known to infect humans. Infections with Schistosoma mansoni, S. japonicum, S. mekongi, and S. intercalatum are associated with chronic hepatic and intestinal fibrosis. S. haematobium infection results in fibrosis, strictures and calcification of the urinary tract. All infections follow direct skin contact with fresh water that harbours free-swimming larval forms of the parasite known as cercariae. Cercariae penetrate the skin of humans or, in the case of S. japonicum, humans and other mammalian hosts that act as reservoirs for infection. The cercariae shed their bifurcated tails, and the resulting schistosomula enter capillaries and lymphatic vessels en route to the lungs. After several days, the worms migrate to the portal venous system, where they mature and mate with a worm of the opposite sex (schistosomes are not hermaphroditic). Pairs of worms then migrate to the superior mesenteric veins (in the case of S. mansoni), the inferior mesenteric and superior hemorrhoidal veins (in the case of S. japonicum), or the vesical plexus and veins draining the ureters (in the case of S. haematobium). Egg production commences four to six weeks after infection and continues for the life of the worm — usually three to five years. Eggs pass from the lumen of blood vessels into adjacent tissues, and many then pass through the intestinal or bladder mucosa and are shed in the faeces (in the case of S. mansoni and S. japonicum) or urine (in the case of S. haematobium). The life cycle is completed when the eggs hatch, releasing motile ciliated miracidia that, in turn, infect freshwater snails (S. mansoni infects Biomphalaria species, S. haematobium infects Bulinus XE "Bulinus sp.: schistosomiasis, general"  species, and S. japonicum infects Oncomelania XE "Oncomelania: schistosomiasis, general"  species). After two generations — primary and then daughter sporocysts — within the snail, cercariae are released. Redia do not form in schistosomes species.

3 Geographical distribution XE "Schistosomiasis: geographical distribution" 
S. mansoni
Africa, Middle East, South America

S. haematobium
Africa, Middle East

S. intercalatum
Central Africa

S. japonicum
Southeast Asia and Far East

S. mekongi
Mekong basin

It is recommended that one studies a detailed map of the area in which one is working to gain an understanding of the local situation. Distribution areas can change. For example: in Egypt, S. haematobium previously occurred in Upper and Lower Egypt, while S. mansoni was only found in Lower Egypt. In the 1960s, the Aswan dam was built. This had an effect on the snail vector populations up to the Nile delta. Recently, S. mansoni has been found in the Fayoum oasis (100 km south-southwest of Cairo), an area where previously only S. haematobium occurred. Lake Qarun in the oasis is connected to the Nile via the Bahr Youssef canal, which facilitates migration of snails. Irrigation works, migrations of infected people, etc. affect the dispersion of the infection. At the end of the 1980s, there was a sudden and spectacular increase in S. mansoni infections in North Senegal after local ecological changes (irrigation works + building of the Diama dam). On the other hand, transmission no longer occurs in some long known foci, such as in Dhofar in Oman.
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4 Life Cycle XE "Schistosomiasis: cycle" 
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Eggs reach the outside world via the faeces or urine. Each egg contains a larva that possesses numerous cilia. In a fresh microscopic preparation, a larva can be seen moving in the egg. If an egg reaches fresh water, the larva (synonym miracidium) is released. If the eggs do not reach the water, the larvae die rapidly, except in the case of S. japonicum. The latter can survive for up to 80 days outside the body (importance for hibernating). After swimming around for a while, a miracidium penetrates a snail (each parasite species is restricted to its own range of host snails). After further development in the snail in the form of sporocysts, a very large number of larvae each with a bifurcated tail, known as cercariae, is released. There is asexual proliferation in the snail, therefore one miracidium can produce up to 100,000 cercariae (etymology Gr. “kerkos” = tail). Cercariae live for 48 to 72 hours. Infection is acquired via skin contact with contaminated water. These larvae can actively penetrate the skin in 3 to 5 minutes.

*

Once in the human body, the cercariae develop further to schistosomula, in the process of which they lose their bifurcated tail. After migration through the dermis and the lungs, they reach the liver. Copulation occurs in the blood vessels of the liver (in contrast to other trematodes, schistosomes have separate sexes). Afterwards, the worms migrate upstream to their final destination within the venules of the bladder, rectum or colon. Here egg production starts (300 to 3000 per day, depending on the species). The eggs mature in approximately one week and remain alive for 3 weeks (longer in the case of S. japonicum). The eggs contain a miracidium which is motile (cilia). The movement can be seen in fresh microscopic preparations and is an indication that living eggs are present. The adult worms are not carried away by the flow of blood because they are attached to the vascular wall with two suckers per worm. The short, wide male contains the longer thinner female in a sort of groove, the gynaecophoric canal. It was previously thought that this was a single animal with a split body. This continuous "embrace" led to the parasite’s name [schistos = split; soma = body]. The male is approximately 10 mm and the female 20 mm long. The mean life span of the adult worms is 3 to 7 years, but some can survive for up to 20 years. For S. haematobium and S. mansoni, humans are the most important reservoir. S. japonicum, however, is predominantly a parasite of animals (water buffalo, dog, pigs, etc).

5 Vector XE "Schistosomiasis: vector" 
Each Schistosoma species has its own snail species as a vector (Biomphalaria XE "Biomphalaria sp.: schistosomiasis, vector"  [S. mansoni], Bulinus [S. haematobium, S. intercalatum], Oncomelania XE "Oncomelania sp.: schistosomiasis, vector"  [S. japonicum], Tricula (syn. Lithoglyphopsis) XE "Tricula: schistosomiasis, vector"  [S. mekongi]). These snails require well-defined ecological conditions to thrive. The average temperature plays a role. If it is too cold, the snails cannot proliferate. There is thus practically no transmission above 1800 metres, where the water temperature is too low. Some snail species resist periods of long-term drought. This explains the occurrence of schistosomiasis in locations where there is only abundant water during the rainy season. At these sites, there is naturally no transmission during the dry season. When an individual snail is infected with one trematode and afterwards is re-infected with a trematode of another species, biological antagonism between the parasites can occur. It is highly probable that one of the two will be eliminated.
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*

Note : Schistosomiasis, Taxonomy of Mollusca XE "Schistosomiasis: taxonomy - Mollusca" 
The phylum of the molluscs or Mollusca is subdivided into a number of classes. The animals have a very varied morphology: from garden slug to octopus, from pearl oyster to sea butterfly. The Brachiopoda or lamp shells have a dorsal and ventral valve and superficially resemble molluscs. They are, however, considered a separate phylum, as their internal structure is totally different from the Mollusca. Among the Mollusca, the following may be distinguished: 

· Aplacophora (= Solenogastra and Caudofoveata): no shell as adult snail. They are sometimes also known as “worm snails”. They live on the seabed.

· Monoplacophora (“bearing one plate”): one simple shell without torsion. It was thought previously that they were extinct, but some living examples were fished up from the deep sea in 1952.

· Polyplacophora (“bearing many plates”): eight-part shell. Many of these animals (“chitons”) live on the rocky seabed, very close to the coast in the tidal zone. Earlier, the Polyplacophora and Solenogastra were grouped as the class of Amphineura.

· Bivalvia or bivalves (= Pelecypoda, Lamellibranchiata), with a hinged left and right valve. E.g. mussels, oysters, scallops

· Cephalopoda (“head-footed”), such as octopus, squid and nautilus. Sometimes an internal shell.

· Scaphopoda: tusk shells. Exclusively marine animals.

· Rostroconchia: two shells in mirror image connected rigidly to one another.

· Gastropoda, the largest group. If a shell is present, this is often coiled to the left. This class is divided into: 

1. Prosobranchia, often with a strong shell and an anterior gill ( = ctenidium). E.g. Murex XE "Murex sp. : schistosomiasis, mollusca, taxonomy"  (source of a valuable purple dye in ancient Rome), Patella XE "Patella sp. : schistosomiasis, mollusca, taxonomy"  (limpet), Cowrie shells, Oncomelania XE "Oncomelania sp. : schistosomiasis, mollusca, taxonomy"  (amphibian freshwater snail, schistosome vector), Conus shells (venomous), sea ear (abalone, edible).

2. Opisthobranchia, with a posterior gill or without gills, thin or no shell. E.g. sea hares, Nudibranchia, Pteropoda (= sea butterflies).

3. Pulmonata: amphibian or terrestrial snails, as a rule no gills, but a lung. Some may have developed gills again secondarily. E.g. garden slug, pond snail (Lymnaea XE "Lymnaea sp. : schistosomiasis, mollusca, taxonomy" , vector of Fasciola), Bulinus and Biomphalaria XE "Biomphalaria sp. : schistosomiasis, mollusca, taxonomy"  (freshwater snails belonging to the family of the Planorbidae and vectors of schistosomes).

*

Note: parasite-host interaction 

Interactions between parasites and hosts can be fascinating. The freshwater snail Lymnaea stagnalis XE "Lymnaea stagnalis: schistosomiasis, mollusca, taxonomy"  is a vector of Trichobilharzia ocellata XE "Trichobilharzia ocellata: schistosomiasis, mollusca, taxonomy" , a species of bilharzia that infects animals. When the snail is infected, its behaviour alters. Under the influence of the parasite, concentrations of mRNA coding for certain neurotransmitters in the snail’s brain alter, as a result of which the animal develops an aversion to sex. As a result, the mollusc grows more rapidly, which is advantageous for the parasite. There are probably numerous instances of manipulation of the host, but our knowledge in this respect is still very limited. The various forms of immune evasion also appeal to the imagination. Thus, an adult human schistosome conceals itself immunologically, by clothing itself with human antigens.

6 Hosts XE "Schistosomiasis: hosts" 
S. haematobium
principally humans, rarely monkeys

S. mansoni
principally humans, also baboons and rodents

S. japonicum
animals: water buffaloes, dogs, cats, rats, pigs, etc., also humans

S. intercalatum
only humans

S. mekongi
dogs, sometimes humans

7 Clinical XE "Schistosomiasis: clinical features" 
7.1 Clinical, general

Pathology depends on the stage of the infection. Chronic symptoms are related to the total worm load (= number of worms in the body). Usually, light infections are asymptomatic. The likelihood of symptoms increases with an increase in the degree of infection. Sometimes parasites are found at ectopic sites (e.g. spinal cord), in which case there can be severe consequences, even in mild infections. Most people in endemic areas acquire some immunity over the course of the years. Many adults exhibit few signs of infection. This immunity is directed towards new infections, against schistosomula. Adult worms evade the immune system in various ways so that they can survive in their host. The immunological reaction directed towards the eggs is responsible for most pathology.

7.2 Clinical, Swimmer's itch

A local cutaneous itch can occur where cercariae penetrate. Slight erythema and pruritic papules develop. This is well known with S. mansoni, S. haematobium and with S. japonicum. The itch is more frequent and violent in infections with animal schistosomes, probably because the cercariae die after penetration in humans (e.g. avian schistosomiasis, which also occurs in areas with a moderate climate).

*

Note: Animal schistosome species

Animal schistosomes that can enter humans accidentally: 

· Austrobilharzia terrigalensis XE "Austrobilharzia terrigalensis: schistosomiasis, animal schistosome species" : parasite of water birds. Snail vectors belong to the genus Littorina.
· Bilharziella polonica XE "Bilharziella polonica: schistosomiasis, animal schistosome species" : parasite of water birds. Various snails are intermediate hosts. 

· Gigantobilharzia huttoni XE "Gigantobilharzia huttoni: schistosomiasis, animal schistosome species" : parasite of water birds. Snail vectors belong to the genus Haminoea XE "Haminoea sp. : schistosomiasis, animal schistosome species" .
· Gigantobilharzia sturniae XE "Gigantobilharzia sturniae: schistosomiasis, animal schistosome species" : frequent in Japan. Snail vectors belong to the genera Segmentina XE "Segmentina sp.: schistosomiasis, animal schistosome species"  and Polypilis XE "Polypilis sp.: schistosomiasis, animal schistosome species" .

· Heterobilharzia americana XE "Heterobilharzia americana: schistosomiasis, animal schistosome species" : various animals can be infected. Pseudosuccinea sp. XE "Pseudosuccinea sp. : schistosomiasis, animal schistosome species"  are vectors.

· Orientabilharzia turkestanica XE "Orientabilharzia turkestanica: schistosomiasis, animal schistosome species" : various animals can be infected. Lymnaea sp. are vectors.

· Schistosoma bovis XE "Schistosoma bovis: schistosomiasis, animal schistosome species" : major cause of cercarial dermatitis in Sardinia. Cattle, sheep and goats are the normal hosts. Various Bulinus sp. act as intermediate host. 

· Schistosoma malayensis XE "Schistosoma malayensis: schistosomiasis, animal schistosome species" : occurs in rats (Rattus muelleri XE "Rattus muelleri: schistosomiasis, animal schistosome species" ). Snail vectors belong to the genus Robertsiella XE "Robertsiella sp. : schistosomiasis, animal schistosome species" .

· Schistosoma mattheei XE "Schistosoma mattheei: schistosomiasis, animal schistosome species" : occurs in South Africa in cattle, sheep, zebras, baboons and antilopes. Snail vectors belong to the genus Bulinus.
· Schistosoma margrebowiei XE "Schistosoma margrebowiei: schistosomiasis, animal schistosome species" : the identity of this parasite is unclear. Possibly identical to S. japonicum.
· Schistosoma rodhaini XE "Schistosoma rodhaini: schistosomiasis, animal schistosome species" : only one case known.

· Schistosoma spindale XE "Schistosoma spindale: schistosomiasis, animal schistosome species" : can infect various animals. Indoplanorbis XE "Indoplanorbis sp. : schistosomiasis, animal schistosome species"  snails are the intermediate host.

· Schistosomatium douthitti XE "Schistosomatium douthitti: schistosomiasis, animal schistosome species" : parasite of rodents. Snails belonging to the genus Lymnaea are vectors.

· Trichobilharzia brevis XE "Trichobilharzia brevis: schistosomiasis, animal schistosome species" : parasite of Japanese water birds. Snails belonging to the genus Lymnaea are vectors.

· Trichobilharzia ocellata XE "Trichobilharzia ocellata: schistosomiasis, animal schistosome species" : cosmopolitan parasite of birds. Snails belonging to the genus Lymnaea are vectors.

· Trichobilharzia stagnicolae XE "Trichobilharzia stagnicolae: schistosomiasis, animal schistosome species" : parasite of birds. Snails belonging to the genus Lymnaea are vectors.

7.3 Acute symptoms, Katayama fever
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The Katayama valley in Japan was an area that was hyperendemic for S. japonicum. [N.B. Do not confuse Katayama fever with Kawasaki syndrome]. The name of this place is now used to indicate acute schistosomiasis in general. A severe disease syndrome was often observed among immigrants in this valley and became known as Katayama fever. This syndrome, as well as cercarial dermatitis, was first described in 1848 by the Japanese doctor Yoshinao Fujii. This doctor worked in Numakuma, near the valley of the Takaya river, for long an endemic focus in the Kawanami district. It was Yoshinao Fujii who conveided of the famous experiments where animals (oxen) where put in large boots in rice paddies to study transmission. The parasite itself was later detected by Professor Fijiro Katsurada in patients from the Kofu region in Yamanashi province. The work of the Japanese was of great importance, also for the West. A British delegation visited Japan and brought back new seminal ideas for the subsequent research carried out in Egypt. Since 1977, no further endemic cases of S. japonicum have been reported in Japan. The disease is caused by primary infection with schistosomes and a violent reaction to products released from the eggs. Signs of acute japonicum or mansoni schistosomiasis can occur 4 to 8 weeks after initial infection. It takes the form of fever, general discomfort, abdominal pain, diarrhoea, vomiting, flu-like syndrome with muscle and joint pain, severe dry cough, wheezing, urticaria and sometimes lymph node enlargement and hepatosplenomegaly. There is marked eosinophilia. Katayama fever is less frequent and milder in S. haematobium infections.

*

Diagnosis and treatment of Katayama fever

· Katayama fever tends to occur in patients who are not previously exposed, although in the case of S. japonicum this syndrome can also occur on re-infection.

· History of recent exposure, freshwater contact in endemic area 

· Respiratory disorder and abdominal discomfort with fever and eosinophilia (DD trichinellosis, fascioliasis, filariasis, Strongyloides hyperinfection, etc.)

· Note that the eggs usually only appear later in the faeces. Failure to detect eggs thus does not rule out Katayama fever.

· Serology is initially still negative in early samples, but will become positive a couple of weeks later.

· Treatment consists of praziquantel and steroids. Repeat the course of praziquantel after a few months. Praziquantel is only active against adult worms.

7.4 Schistosomiasis, Ectopic localisations

Sometimes eggs or adult worms can cause lesions of the spinal cord, known as transverse myelitis (principally S. haematobium and S. mansoni), or of the brain (principally S. japonicum). These take the form respectively of spastic paraparesis and CVA (hemiplegia, epilepsy, etc...). Treatment consists of praziquantel together with steroids. Sometimes eggs can reach the skin, where they can cause papular dermatitis. This rare condition can only be diagnosed by biopsy. Even more rare is localisation in the vocal chords, with nodules and hoarseness.

7.5 Symptoms in chronic infections

7.5.1 Chronic schistosomiasis, General

The live larvae (miracidia) in the eggs excrete products that digest the surrounding tissues. In this way, eggs can reach the rectal lumen or the bladder after their migration through the intestinal mucosa (S. mansoni and S. japonicum) or the bladder mucosa (S. haematobium). In general, 50% or less of the eggs are eliminated with the faeces or urine. The remaining eggs either die locally or are transported with the venous blood until they reach the liver or another organ where the blood vessels become too small for their further passage. At this point, the eggs and the digestive juices which they secrete can cause local inflammation. The lesions of chronic schistosomiasis can be explained almost exclusively by the local inflammatory reaction to these eggs (formation of granulomata containing numerous eosinophils). Inflammation granulomata can reach up to 100 x the size of the original egg. Fibrous thickening and loss of elasticity of the tissues occurs. If massive infestation is present, pseudopolyps occur in the intestine or bladder. The symptoms in chronic schistosomiasis differ according to the location.
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7.5.2 Chronic schistosomiasis, Intestinal lesions

Diarrhoea, sometimes with some blood and mucus, can be caused by S. mansoni and S. japonicum. Pseudopolyps can occur in the colon. There is no increased incidence of intestinal cancer. In severe, chronic infections, fibrosis of the intestine can occur. S. mekongi is also found in the intestine, but usually does not cause severe pathology.

7.5.3 Chronic hepatosplenic schistosomiasis
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When S. mansoni eggs are carried in the portal venous bloodstream as far as the liver, they cause a physical obstruction of the bloodstream. Local inflammation around the eggs exacerbates this. The result is increased pressure in the portal circulation (portal hypertension). Clinically, it takes the form of:

· Enlargement of the spleen (splenomegaly)

· Collateral circulation with oesophageal varices and increased venous markings on the abdominal skin, principally around the navel, the so-called "caput medusa". Eggs can also reach other organs subsequently via this collateral circulation (lung).

· Ascites is a late sign.

*

Because the eggs obstruct the branches of the portal venous system and fibrosis occurs around these foreign bodies, periportal fibrosis develops. This is also known as Symmers pipestem fibrosis. The white fibrotic bands in the liver are in fact long and hollow like pipestems (in the centre is a branch of the portal vein). Liver function remains surprisingly well preserved for a long time (normal blood coagulation, no severe hypoproteinaemia, no gynaecomastia). This stands in contrast with chronic aggressive hepatitis B and alcoholic cirrhosis. S. japonicum lesions are usually more severe because the worms produce ten times more eggs per day (3000 as opposed to 300) than S. mansoni. People with severe, chronic infections often die from bleeding from oesophageal varices.
7.5.4 Schistosomiasis, Ascites XE "Schistosomiasis: ascites" 
The precise aetiopathogenic mechanism of ascites is still not fully established. Ascites is promoted by portal hypertension with increased hydrostatic pressure, hypo-albuminaemia with a reduction in colloidal osmotic pressure, peripheral vasodilatation and secondary hyperaldosteronism with disturbance of water and salt balance (stimulation of renin-angiotensin-aldosterone chain resulting in sodium and fluid retention). The normal pressure in the portal circulation is 5-10 mm Hg. An increase in pressure above 20 mm Hg has serious consequences. In treatment, salt restriction, fluid restriction and diuretics of the spironolactone type, whether or not supplemented with thiazide diuretics, beta-blockade and possibly nitro-derivatives are indicated. Ascites aspiration (4-6 litres), preferably with IV albumin administration (very expensive), can relieve the patient. This intervention carries a risk of precipitating prerenal kidney failure due to relative volume depletion. In better equipped centres a peritoneovenous or portocaval shunt (LeVeen or Denver shunt) or a transjugular intrahepatic portosystemic shunt (TIPS) can be inserted. The most recent technique involves the insertion of an expandable metal stent between the hepatic vein and the portal vein. The stent is introduced via the internal jugular vein. Shunt occlusion, shunt infection and the induction of hepatic encephalopathy are known complications. Docarpamine is a new oral dopamine prodrug that has been used experimentally in refractory ascites. Its administration results in renal vasodilatation and increased glomerular filtration. Spontaneous bacterial peritonitis is a serious complication of chronic ascites. Various organisms may be responsible and often include Escherichia coli or pneumococci. Portal-systemic encephalopathy may be induced by gastro-intestinal bleeding, hypovolaemia (avoid excessively large peritoneal tapping), infections or hypokalaemia (avoid excessive use of loop diuretics). If confronted with hepatic encephalopathy, any bleeding should be stopped and protein-rich food should be withheld (source of nitrogen). Ranitidine or a proton pump inhibitor will be given. Purgation and administration of lactulose and oral neomycin or metronidazole are indicated. Lactulose acidifies the colonic contents, which promotes the production of NH4+ (non absorbable) over NH3 (absorbable). Vitamin K analogues can be given. Narcotics and sedatives are best avoided.

*

Oesophageal varices occur in 30% of patients with hepatic cirrhosis within two years of their first appearance. The severity of this complication is reflected in its 30% mortality. The risk of repeat bleeding within one year is 70%. Prophylaxis with non-selective beta-blockers (propanol or nadolol) reduces the risk to 15-18%. Combination of propanol (Inderal®) with isosorbide mononitrate causes the risk to fall still further to 8-10%. Propanolol is titrated until a pulse rate of 55/minute is obtained or until there is a reduction of 25% in the original pulse rate. Bleeding oesophageal varices often require endoscopic sclerosis or ligature. Balloon tamponade can be used as an emergency measure, but rebleeding after decompression is the rule. Splenectomy with oesophagogastric devascularisation is a major surgical procedure. Octeotride or vapreotide, somatostatin analogues (octeotride 25-50 µg/hour with or without bolus), or terlipressin, a synthetic vasopressin analogue (2 mg every four hours for the first four hours, and then 1 mg every four hours) may be given and should be administered for 24-48 hours. Bleeding stops in 80% of cases, but usually this medication is not available.

7.5.5 Chronic schistosomiasis, Renal and urinary tract lesions

S. haematobium eggs lie grouped together in the bladder wall and surrounding organs (rectum, prostate, vagina, cervix, ovaries). This leads to the formation of very small (sandpaper-like) to a few mm large fleshy polyps and ulcerations. S. haematobium infection is a cause of genital lesions which are often mistaken for "warts". The lesions in the urinary tract cause blood to be passed in the urine. In endemic areas this occurs typically in children of school age. The severity of the haematuria and proteinuria is related to the degree of infection. Ureteral strictures occur mostly in the distal third (mainly in the intravesical part). Ureteral obstruction can occur with resultant hydro-ureter and hydronephrosis. Because of the impairment of the normal anatomical relations, vesico-ureteral reflux can also occur. Initially, these lesions are still reversible. S. mansoni can give rise to a deposit of immune complexes in the kidney, leading to glomerulonephritis. This happens in about 0.5% of cases, usually in those with severe infections. In S. haematobium schistosomiasis, the bladder wall can thicken. This resembles the thickening that can occur in tuberculous cystitis, chronic interstitial cystitis, radiation cystitis, chronic chemical cystitis or as a result of muscular hypertrophy with obstruction due to prostatic hypertrophy or neoplasia or with a neurogenic bladder. The bladder wall can also calcify, which is clearly visible on X-ray film.

*

Note: Obstruction of the urinary tract 

In the event of obstruction of the urinary tract, consideration should be given to (1) pelvi-ureteral junctional stenosis, (2) calculus, tumour, blood or lymph clots, necrotic papillae in sickle cell or analgesic nephropathy, (3) stricture due to tumour, tuberculosis, bilharziasis or retroperitoneal fibrosis, (4) extrinsic invasion of the ureter by a cervical, rectal or sigmoid neoplasia, (5) bladder tumour, (6) prostatic enlargement, (7) urethral valves and urethral stenosis (sequela of gonorrhoea). 

*

Bladder carcinoma

In highly endemic areas of S. haematobium, there is an increased incidence of bladder carcinoma. This is manifested around the 4th or 5th decade of life. It principally involves a highly malignant squamous cell carcinoma which can occur anywhere in the bladder wall (in contrast to transitional cell carcinoma that occur later in life and is located principally in the trigonum). There might be a relationship with increased carcinogen concentrations (DNA alkylating nitrosamines), due to frequent bladder infections with nitrate-reducing bacteria, or due to the local production of nitrosamines via activated macrophages. [N.B.. Some herbs which are sometimes (accidentally) used in traditional Chinese medicine such as Aristolochia fangchi also cause urothelial carcinomas. They contain carcinogens such as nitrophenanthrene derivatives.] At a later stage in bladder schistosomiasis, calcification of the dead eggs in the bladder wall occurs with typical features on abdominal X-ray

*

Late consequences

After severe, chronic infection, the following serious problems can occur:

· Reduced bladder capacity.

· Increased incidence of bladder carcinoma.

· Lesions of the female genitalia with cervical erosions, papillomatous lesions, sterility, increased risk of ectopic pregnancy.

· Lesions of the male genitalia e.g. localisation in the ductus spermaticus.

· Irreversible obstruction of the urinary tract with hydro-ureter and hydronephrosis.

· Renal stones can form. Recurrent bacterial urinary infections are frequent, including Salmonella.

· Nephrotic syndrome can occur, as well as hypertension.

· Finally, chronic renal insufficiency may ensue.

· Remember that chronic glomerulonephritis can be caused by S. mansoni which is localised in the intestines (and eggs in the liver).

*

Note : Chronic renal failure

Proteins constitute an essential part of the diet. These substances contain nitrogen. A normal adult with a normal diet consumes approximately 16 grams of nitrogen daily. In order to maintain the metabolic balance, the same amount of nitrogen needs to be excreted each day. Nitrogen can be eliminated - in various species of animals - as ammonia (NH3), urea (NH2CONH2) or uric acid (C5H4N4O3). What then determines which substance is eliminated in a particular animal? Ammonia is very toxic but highly hydrosoluble and can only be eliminated when there is very close contact with large amounts of water. Thus, most fish eliminate their excess nitrogen as ammonia. For animals that have little contact with water, such as birds or reptiles, and which need to get rid of their excess nitrogen as an embryo in their egg, excretion is based predominantly on the relatively non-toxic, and relatively insoluble uric acid. Accumulation of ammonia or urea in such a closed system would be fatal to a young animal. For humans who, as a foetus, can use the mother’s bloodstream to remove waste substances, 85% of the nitrogen is eliminated in the form of the moderately toxic and moderately soluble urea. Urea is produced in the liver by hydrolysis of arginine. The citrulline released binds again to two nitrogen atoms (one derived from ammonia and one derived from aspartate) in the urea cycle (Krebs-Henseleit cycle). The urea produced is then transported from the liver to the kidneys via the bloodstream. In hepatic failure, ammonia accumulates in the blood with the risk of hepatic coma. In renal failure, urea accumulates in the blood: uraemia. Sometimes a patient’s sweat contains so much urea that it remains on the skin as "uraemic frost". Other substances, such as various waste substances, creatinine (a metabolite of creatine), acids, phosphate and potassium, also increase in the blood. The creatinine and urea concentration in the peripheral blood can be used as a measure of renal function. Hyperkalemia is a real risk in renal failure. Potassium-sparing diuretics should therefore be avoided. The increase in phosphataemia (phosphate retention) suppresses blood calcium, which causes stimulation of the parathyroid glands. These glands can become active autonomously as a result of the chronic stimulation. The parathormone released causes subperiosteal bone resorption by stimulation of osteoclasts. As a result of chronic renal insufficiency, hyperparathyroidism associated with vitamin D deficiency (production of 1.25 diOH-cholecalciferol is impaired in renal failure) ultimately causes a characteristic bone disease: renal osteodystrophy. This combines the abnormalities of osteomalacia (lack of mineralisation of the osteoid), osteitis fibrosa (increase in osteoclast activity as a result of excessive PTH) and osteosclerosis. Erosions of the radial side of the middle phalanges, spontaneous fractures of the pelvis, neck of the femur and ribs (Looser lines in the cortex, Milkman fractures), broadened lines between epiphysis and diaphysis and generalised osteoporosis are typical. The skull can develop a "salt and pepper" appearance from patchy decalcification. Metastatic calcifications (peri-articular or in arteries) and band-shaped keratopathy (cornea) can occur. So-called "brown tumours" can also arise. These consist of masses of fibroblasts and osteoclasts that erode bone. The tissue acquires its brown colour as a result of repeated bleeding and deposition of iron in the form of haemosiderin. Osteosclerosis is most characteristic in the vertebrae, where sclerosis occurs on the top and bottom edges of the vertebral body, while the centre is more decalcified (rugger jersey spine). Together with chronic normocytic anaemia (erythropoietin deficiency), pruritus, peripheral neuropathy, hypertension and oedema, these symptoms characterise the patient with advanced chronic renal failure.

7.5.6 Chronic schistosomiasis, Cardiac and pulmonary lesions

S. haematobium eggs can reach the systemic circulation and only rarely reach the portal circulation. This parasite is not a cause of hepatosplenomegaly. These eggs then reach the lungs. The same can happen with severe portal hypertension when S. mansoni or S. japonicum eggs reach the lung via the collateral circulation. Inflammation occurs in the lungs, resulting in fibrosis and pulmonary hypertension. Right heart failure then occurs with development of cor pulmonale, with congested jugular veins, peripheral oedema and congested swollen liver. It used to be common in Brazil and Egypt. In the last few years it has become much less common.

*

Pulmonary hypertension needs to be severe before marked changes appear on chest X-ray. An enlarged heart with right ventricular hypertrophy is apparent. The pulmonary hili are enlarged. Distally, the pulmonary arteries become thinner somewhat abruptly. Beneath the aortic arch a prominent pulmonary artery can be seen, which is sometimes confused with hilar lymphadenopathy.
* XE "Schistosomiasis: pulmonary hypertension" 
The symptomatic medical treatment of pulmonary hypertension includes administration of prostanoids (prostacyclin PGI2-derivatives) such as epoprostenol (IV), treprostinil (SC), iloprost (inhalation) beraprost (PO) and/or endothelin receptor antagonists (e.g. bosentan). Most of this kind of medication is too expensive for most hospitals in third world countries. Determination of the 6-minute walking test (assessment of exercise capacity) is important in making a prognosis of this serious complication.

7.5.7 Association with other infections

Patients with schistosomiasis (S. mansoni, S. haematobium and S. japonicum) are at increased risk of being Salmonella carriers. These bacteria are found in the intestinal tract of the worm. Urinary schistosomiasis often results in recurrent bacterial urinary tract infections.

8 Infections with Schistosoma intercalatum and S. mattheei XE "Schistosomiasis: infections with S. intercalatum and S. mattheei" 
S. intercalatum was described in 1934 in Congo. Adult worms and cercariae resemble those of S. haematobium. The eggs differ in their shape and the fact that they stain Ziehl positive (like those of S. mansoni), in contrast to all other species in which the egg has a terminal spine. This form is detected in Gabon, Cameroon, Chad, Burkina Faso and Ghana and probably exists in the greater part of Central and West Africa. Adult S. intercalatum are found in the lower part of the rectum (rectal schistosomiasis). Localisation in the bladder wall is exceptional. Hepatic lesions are relatively minor. The more severe forms present as a painful dysenteric syndrome with tenesmus and rectal pseudopolyposis. Most infections, however, are asymptomatic and discovered by chance. S. intercalatum is considered the least pathogenic of the human schistosomes. Co-infection with S. intercalatum and S. haematobium has been described. Human infection with S. mattheei is almost entirely confined to South Africa and Zimbabwe and occurs always in combination with S. haematobium. It is thought that the females of this zoonotic species only survive in humans when they can pair with male S. haematobium. Very rare cases of human infection with other schistosomes have been described, e.g. with S. bovis. The morphology of schistosome eggs, however, varies considerably within this species and the parasitological identification of sporadic cases for the most part remains dubious.

9 Infection with Schistosoma mekongi XE "Schistosomiasis: infection with S. mekongi" 
Schistosoma mekongi is primarily a parasite of dogs and rodents. This parasite has been known to exist in the lower Mekong River Basin since 1957. The worm occurs in Cambodia, Thailand and Laos. The adult worms are situated in the intestinal blood vessels in the branches that open into the superior mesenteric vein and the portal vein. The eggs resemble those of S. japonicum, but are somewhat smaller and rounder (subspherical, size range 30 to 55 µm by 50 to 65 µm, with a small lateral spine near one end which is rather difficult to see). The miracidia infect the aquatic snail Lithoglyphopsis aperta. Most light infections in humans are asymptomatic, but ectopic localisations can result in severe morbidity (incl. neurological lesions). Hepatosplenomegaly with diverted blood circulation occurs in heavy infections. Kato-Katz thick smears are simple and sensitive quantitation technique. The zinc sulfate concentration technique is not recommended (eggs will rupture). The formalin-ethyl acetate technique is better.

10 Diagnosis XE "Schistosomiasis: diagnosis" 
· S. haematobium: eggs predominantly in urine, sometimes in faeces, cervix or elsewhere

· S. mansoni, S. intercalatum and S. japonicum: eggs predominantly in faeces, sometimes in urine or elsewhere

10.1 Diagnosis, microscopy
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The diagnosis is established by the detection of eggs in the stools or urine, with or without concentration techniques. The weight of a stool specimen that can be examined by direct microscopy is approximately 2 to 4 mg. In view of the small volume, therefore, egg excretions of up to 100,000 eggs per day can be missed. Only severe infections are detected in this way. The Kato-Katz method (cellophane impregnated with glycerol and malachite green) uses a larger quantity of stool (25 to 50 mg). The method is simple and more sensitive, but somewhat more cumbersome. Low-grade infections can still be missed. Concentration can be done by a range of techniques. The specificity of the parasitological diagnosis is satisfactory. The distinction between living and dead eggs can be important, e.g. in order to study the efficacy of a treatment. In most cases the morphological aspect is sufficient but, if necessary, a test of eclosion of the eggs can be performed in an attempt to detect the presence of living miracidia after dilution of the urine or stool with fresh water.
*

The sensitivity of the laboratory tests is a more serious problem. It is dependent on the quantity of sample which it is feasible to routinely examine. A sample of 10 ml urine is equivalent to approximately 1/100 of the daily production and thus theoretically makes it possible to detect even a mild infection if it is assumed that at least 100 eggs/worm pair/day are found in the urine. With more than 50 eggs/10 ml there is almost always haematuria and proteinuria and has therefore been taken as the accepted threshold for distinguishing between mild and more severe infections. A stool smear, by contrast, examines only 2 mg out of a total quantity of faeces which, for an adult in a tropical environment, may be estimated as 200-400 g/day. In this case therefore only 1/100,000 - 1/200,000 of the daily quantity of stool excreted is examined. An egg load of more than 100 eggs/g is the normally accepted borderline between mild and moderate infection. This is equivalent to more than 5 eggs/Kato, but such infection cannot be detected with a normal smear. With more than 400 to 800 eggs/day, depending on the investigators, the infection is considered severe. One-third of these severe infections can be missed if one uses a single stool smear. For this reason the WHO recommends the Kato method, with which it is possible to examine 25 to 50 mg of stools, sufficient to discover all severe infections. It is, however, clear that even with this technique many milder infections are missed. It is important that a positive smear always indicates an infection which is already fairly severe. There are several other flotation and sedimentation concentration methods which allow detection of lighter degress of infection.

*

The sensitivity is also affected by fluctuations in the quantity of eggs in the excreta. This is the case for excretion of S. haematobium eggs, which peaks around midday. Specimens taken between 10 a.m. and 2 p.m. are therefore optimal for examination. During the evening hours and the night, elimination falls to a minimum. This periodicity is the result of contractions of the muscle wall of the bladder, which itself is affected by drinking/meals and exercise, and not by the production of eggs (which occurs continuously). In the case of intestinal schistosomiasis, this systematic factor has little if any importance. An additional source of error is that the elimination of eggs in the same person can vary considerably from day to day, making the individual diagnosis more difficult. The consequence is that a negative parasitological examination, even with sensitive techniques, is only of limited value. In a severely infected person, however, high egg loads are found on average and only rarely low egg loads. The opposite is true for people with low worm loads. Taking faecal specimens on different days is better than examining several smears from 1 stool.

10.2 Diagnosis, serology

Serology, based on the detection of antibodies, does not distinguish between active and previous infections. Positive serological tests with low titres which cannot be confirmed parasitologically probably indicate either (1) an old, cured infection, (2) an infection with a very low worm load, (3) an infection by worms of a single sex or (4) cross-reactivity with other worm species.

10.3 Diagnosis, antigen detection

Circulating antigen detection tests (circulating anodic and cathodic antigen) are promising. Antigen can be detected in serum as well as in urine (in urine also for S. mansoni). 

10.4 Diagnosis, eosinophiluria

As a result of the inflammation in the bladder wall, a large number of eosinophils are found in this organ. The granules of these cells contain various substances that can be released. There is a fairly good correlation between the degree of inflammation of the bladder and eosinophiluria, measured as the concentration of “eosinophilic cationic protein” in the urine. This technique, however, should still be considered experimental.

10.5 Diagnosis, medical imaging
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Complications can be detected by means of ultrasound (e.g. hydronephrosis). The degree of liver involvement can also be determined echographically. This may be of epidemiological importance, for example, in control programmes. Ultrasound is the only possible technique for establishing a non-invasive, sensitive and specific diagnosis of hepatic lesions in hepato-intestinal schistosomiasis. The lesions are pathognomonic and can even be seen in children with surprisingly low egg excretion. There is a clear relationship between the presence of ultrasound lesions and the mean excretion of eggs. A distinction must be made between Symmers fibrosis caused by schistosomiasis and hepatic cirrhosis due to other reasons, but incidentally associated with schistosomiasis. The clinical signs and symptoms are similar. Symmers hepatic fibrosis can become symptomatic in later life when the parasite load has become low and it can even be difficult to detect that there is an infection. Clinical differences between cirrhosis and Symmers hepatic fibrosis are relative: youth of the patients, more pronounced splenic enlargement in Symmers hepatic fibrosis, general health preserved for longer, even after haematemesis, hepatic enlargement, predominantly of the left liver lobe.

Usually, bladder calcifications are visible on a standard radiograph of the abdomen and on CT-scan. 

10.6 Diagnosis, biopsy

Rectal snip or rectal biopsy consists in removing 1 to 3 fragments of superficial tissue with biopsy forceps under endoscopic control from sites where small haemorrhages or other suspicious lesions are seen. These tissue specimens are placed between two glass slides and examined immediately in a drop of water without fixation. Histological examination has a lower diagnostic yield, as the section of tissue examined is much thinner. The sensitivity of a rectal snip is good and, curiously, better for S. haematobium than for S. mansoni. In travel medicine, this examination is more sensitive, particularly in the case of S. haematobium, than examination of the urine or stools, because the patients involved are mainly adults with a low worm load with few eggs. Rectal snip detects eggs that have accumulated over a period of weeks or months under the rectal mucosa. The distinction between dead and living eggs is important. When living eggs are examined immediately after sampling in an unstained biopsy, the moving cilia of the miracidia can easily be seen. The rectal biopsy technique is not used so often in endemic areas where attention is directed particularly to children. Rectal snip data are not quantitative.

*

Other biopsies: Needle biopsy or surgical biopsy of the liver cannot confirm the diagnosis in all cases and is dangerous in patients with a bleeding tendency. Eggs are sometimes found in skin, cervix or bladder biopsies.

11 Treatment XE "Schistosomiasis: treatment" 
Praziquantel XE "Praziquantel: schistosomiasis: treatment"  (Biltricide®) 
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A single dose of praziquantel 40 mg/kg is the first choice. The standard dose is one 600 mg tablet per 15 kg. It is better if all the drugs can be taken at one administration, but sometimes it has to be divided into 2 or 3 at intervals of 4 to 6 hours. It allows a one-dose therapy, but is expensive. Sometimes praziquantel needs to be administered repeatedly. The medication kills the adult worms rather than the eggs. Although tissue injury is principally caused by an immune reaction to the eggs, the product is clinically active. Praziquantel is undoubtedly the most effective medication with the fewest side-effects for the treatment of all species of schistosomes. The drug seems less effective in regions of West Africa where there has been a recent invasion of the parasite, possibly due to rapid re-infections. Diminished sensitivity or resistance to praziquantel are other possibilities. Apart from its activity against all human schistosomes including S. mekongi, S. intercalatum and S. mattheei, praziquantel is also very effective against most infections due to trematodes (except Fasciola) and cestodes, but not roundworms.

*

There are no contra-indications and no major toxicity has been reported. It may be given in hepatic insufficiency. The drug, however, is not recommended during the first three months of pregnancy. Side-effects include abdominal pain, vomiting, diarrhoea and fever, probably caused by the reaction to the dead worms. In very severe infections, cases of rectorrhagia are observed. In patients with a haemorrhagic diathesis, this could be dangerous. There is a major risk if cysticercosis is present in the region. Serious complications can occur as a consequence of the death of cysticerci in the CNS following administration of the medication. In spinal and cerebral schistosomiasis, praziquantel is combined with corticosteroids. Which of the two medications contributes most to the clinical improvement is unclear.

*

Niridazole XE "Niridazole: schistosomiasis, treatment"  (Ambilhar®) 

This is fairly expensive, is less effective and has many side-effects. In addition, it must be given for a week. It was developed about 1960 and was the most widely used medication up until 1985. Niridazole is particularly active against S. haematobium, less active against S. mansoni and practically inactive against S. japonicum. It is also effective against Entamoeba histolytica. It is administered orally at doses of 25 mg/kg/day for 7 days. There are numerous, reversible side-effects which are mild but potentially more serious, such as neuropsychiatric disorders, psychoses, epileptic insults and clinically silent ECG disorders. The drug is not indicated in cases of liver involvement, which restricts its use in the hepato-intestinal form. It is also relatively expensive and is now outdated and no longer commercially available.

*

Metrifonate XE "Metrifonate: schistosomiasis, treatment"  (Bilarcil®)

Metrifonate or trichlorfon is a very cheap and safe medication. It is an organophosphorus derivative belonging to the same group as some insecticides used in agriculture (anticholinesterase activity). No evidence could be found of a harmful cumulative effect of the drug. It is active only against urinary bilharziasis, including the occasional localisations of S. mansoni in the bladder wall, but strangely not against S. haematobium and S. mansoni when they are localised in the intestinal wall. Metrifonate is administered orally in single doses of 7.5 mg/kg. The preferred schedule is three doses with an interval of two weeks between each dose. A single administration of 10 mg/kg, however, appears sufficient for the mass suppressive treatment of urinary bilharziasis. At doses of more than 10 mg, too many side-effects are observed. The cure rate is higher when the treatment is repeated and increases from 21% with one dose to 65% with two doses and 84% with three doses, although this is still lower than the results with a single dose of praziquantel. On the other hand, some of the worms appear to be consistently resistant to metrifonate, irrespective of the dose. Metrifonate has a narrower spectrum than praziquantel. The drug is very effective against hookworms. It was, however, withdrawn from the market in 1998.

*

Oxamniquine XE "Oxamniquine: schistosomiasis, treatment"  (Vansil®) 

Oxamniquine is only effective against S. mansoni. It is rapidly absorbed from the intestine and has a plasma half-life of approximately 2 hours. The drug is weakly toxic. Epileptic insults have been reported in patients with a history of cerebral lesions and drowsiness in children which can progress to subcomatose states. The urine can be coloured red. Like praziquantel, the drug can be administered to patients with hepatic lesions, even if advanced. Oxamniquine is at least as expensive as praziquantel. It is administered orally as a single dose (sometimes administration in 2 doses in children) at doses of 15 to 20 mg/kg in Latin America and 20 to 40 mg/kg in Africa. Some of the side-effects are undoubtedly the result of the death of adult worms, including in the lungs, with the formation of temporary infiltrates and with respiratory symptoms. It is used extensively in Latin America (Brazil), but is less indicated in Africa where S. mansoni is associated in many places with S. haematobium. It may be used if there is an inadequate response to praziquantel.

*

Oltipraz XE "Oltipraz: schistosomiasis, treatment" 
This medication is registered for the treatment of schistosomiasis but rarely used. A recent discovery is that the medication induces glutathione S-transferase. This enzyme plays an important role in the detoxification of carcinogens such as benzene and aflatoxin. The product is now being studied as a potential chemoprotective agent (protection against cancer).

*

Mirazid

Mirazid contains an extract (an oleo gum resin) from the stem of Commiphora molmol (syn. Commiphora myrrha), the myrrh tree. An alcohol extract of this plant followed by steam distillation produces resin and volatile oil. It is licenced and marketed for clinical use against Fasciola hepatica and schistosome infections in Egypt. Its exact place in therapy is not yet clear and its clinical activity is controversial at the moment. A dose of 10 mg/kg for three consecutive days has been proposed. Myrrh extracts also have a molluscicidal effect on the snail intermediate hosts, particularly on their eggs.
12 Prevention XE "Schistosomiasis: prevention" 
The global strategy for schistosomiasis control is the reduction of morbidity, which is based on the reduction of the worm load. No vaccine is yet available. Attention is focussed on detection and treatment and vector control. In a control programme, in the first place information should be obtained on the extent of the problem in a district (frequency and severity of infections, age distribution of those infected, geographical locations, knowledge of local snails, etc.). Several possibilities exist, each of which has its advantages and disadvantages. Mass treatment can be undertaken with praziquantel (treat everyone without screening). Selective treatment of infected people can also be carried out following active screening. Treatment can be restricted to a particular group (e.g. all schoolchildren or children from specific school years). Passive screening (all those people who attend a health centre) is also possible. In each case, repeated interventions will be necessary in view of the fact that a proportion of the population is always missed the first time. Re-infections also occur in previously treated people and there are often migrations of infected people from other districts after the first intervention. Supervision with the monitoring of progress and various problems (quality control), and the provision of the necessary feedback and support are essential components of a control programme. Control of morbidity should not be seen separately from control of transmission. Health education is not effective if it is not associated with an improvement in sanitary conditions in the district. The avoidance of contact with contaminated water is only possible if there is an alternative. Hence the importance of a technical infrastructure and its maintenance (washing areas, showers, toilets, footbridges over canals, etc). It is obvious that these are only meaningful if they are accepted and used. The erection of numerous bridges over canals and the use of water pumps (drinking water, washing areas) reduce contact with potentially contaminated water. Water pumps should be of a design that allows inexpensive local repairs to be made.

*

It is also possible to try to control the vectors. Snails like mud and the presence of water plants. If there is a large amount of deep shadow in places where the vectors are present, the latter will have less food (snails eat algae and plants, which are dependent on photosynthesis). No shadow at all, however, will reduce egg production. Control of water plants and vegetation involves infrastructural changes. Covering over irrigation channels can limit snail populations. Cleaning of canals or the use of concrete for irrigation canals can be useful. Snail control by chemical molluscicides cannot be sustained in the long-term (too expensive and too much collateral ecological damage). The efficacy of biological control of the vector still needs to be demonstrated. The use of certain plants with a molluscicidal effect is being studied.

*

It should be noted that artemether has a preventive effect on S. mansoni and S. japonicum. Taking one tablet every two to three weeks (6 mg/kg) reduces the risk considerably. Naturally, this is a dangerous strategy to apply in a P. falciparum area. In malaria-free areas (certain regions of Brazil and Venezuela, Egypt), it may be considered. It is worth considering in foci where eradication is near, e.g. Botswana. In emergencies and for some travellers, it may be beneficial. Cyclosporin also exhibits very long-term (up to 100 days) preventive properties, but its use is only experimental.

13 Exercises XE "Schistosomiasis: exercises" 
1. A 12-year-old Sudanese child has ascites and an enlarged spleen. What are the possibilities?

2. Congo. On an abdominal X-ray of an 18-year-old woman, a shell-like fine calcification is found in the small pelvis in the shape of a balloon. No foetal spine is seen. What could this be?

3. In Brazil, a local woman has pain in the left kidney region. On microscopic examination of the urine you find some blood. Should S. haematobium be excluded?

4. Some tourists go swimming in a small lake in Kenya. A few weeks later they develop fever and cough. A blood analysis shows eosinophilia of 40%, but Schistosoma serology is negative. The examination for eggs in the faeces and urine is also negative. What should be considered?

5. One of the above subjects develops sudden paralysis of both legs. There is no history of trauma. Possible explanation?

6. A Congolese man complains of increasing tiredness. Pitting oedema of both lower legs is observed and the jugular veins are distended. The liver is palpable 9 cm below the right costal margin. What does this suggest? Are there infections that can cause this?

7. A woman in Mwanza, Tanzania, says that she passed blood at the age of 6 years. This disappeared gradually over the following years. She is now 34 and is again passing bloody urine each time. What are the possibilities?

8. A 17-year-old Congolese girl has grown up in a small village. On one particular day she accidentally falls into the local river. A few weeks later she develops fever, cough and difficult, rapid breathing. On auscultation there are crepitations over the right lower lung field. What do you think? Is this compatible with Katayama syndrome? What if the symptoms were to occur 2 days after the accident?

9. You find S. haematobium in a 5-year-old Egyptian child. How should you treat the child?

10. Zambia. Your girlfriend washed her feet on one occasion in the local river. Three weeks later she notices violent itching on her feet. A convoluted red stripe is visible. What has happened?

11. Make a life-size drawing of a schistosome pair.

12. You want to demonstrate the prevalence of S. haematobium along a river in West Africa. With your team you visit five schools on the same day to test the children’s urine for eggs and blood. You leave at 6 a.m. in the morning and stay about 2 hours in each school, where 60 boys, all 6-11 years old, are examined each time (the journey time between schools is short). You return at about 6 p.m.. Can the prevalence be usefully compared between the schools? Should allowance be made for age? Is it important that contact with water can differ from place to place? Should there be a control group? What do you think about the potential importance of the circadian rhythm in the excretion of eggs? Is there rhythmic excretion with S. mansoni ?

13. You are shown a chest X-ray with features of pulmonary hypertension. Do you direct your examination towards chronic lung disease, chronic left heart failure and mitral stenosis or recurrent pulmonary embolisms? Others?

14. Zimbabwe. A patient has moderately severe renal failure. What information do you need to refine the distinction between immune-mediated glomerulonephritis, prostate hypertrophy, chronic pyelonephritis, diabetic nephropathy, obstructive uropathy due to calculi, schistosomiasis, renal tuberculosis and polycystic kidneys?

15. Why is alfacalcidol or calcitriol given in chronic kidney disease, rather than the more usual vitamin D (cholecalciferol or ergocalciferol) ?











































