Filariasis 

1 Summary XE "Filariasis: summary" 
· Lymphatic: Wuchereria (90%) and Brugia (10%)

· Lymphangitis + adenitis + superinfection

· Lymphatic obstruction with hydrocoele, lymphoedema and elephantiasis

· Chyluria, intermittent fever and asthmatic syndrome.

· Microfilariae principally at night in blood 

· Transmission via mosquitoes 

· Onchocerciasis: 

· Skin nodules, pruritus, eye lesions, swollen lymph nodes, sometimes lymphoedema

· Microfilariae in skin samples (snip, scarification) and eye (anterior chamber)

· Transmission via simulids

· Loiasis: 

· Calabar oedema, subconjunctival migration across the eye, subcutaneous migration

· Microfilariae in blood during the day 
· Transmission via fly which bites during daylight
· Dirofilariasis: anecdotal importance (coin lesion in lung; ± mobile skin nodules)

2 General XE "Filariasis: general" 
Filariae are nematodes that live as adults in various human tissues. They do not lay eggs, but constantly produce enormous numbers of larvae (microfilariae) in humans. These are found in the skin or blood. Human-to-human transmission occurs via insects: the parasites are thus "arthropod-borne". Animal reservoirs play no role of significance in most places, except in subperiodic Brugia malayi.

*

There are several species of filariae, but 6 are commonly pathogenic:

· Wuchereria bancrofti

· Brugia malayi

· Brugia timori

· Loa loa

· Onchocerca volvulus

· Mansonella streptocerca
*

There are 2 filariae that are often well tolerated by humans: Mansonella perstans and Mansonella ozzardi. The reason for this tolerance is not known. Dirofilariasis is for the most part only of anecdotal importance and no microfilariae are found in humans. Dracunculiasis is traditionally included among the filariasis, although there are marked clinical differences between this parasite and the other filariae.

3 Lymphatic filariasis XE "Filariasis: lymphatic filariasis" 
3.1 Lymphatic filariasis, general

Wuchereria bancrofti XE "Wuchereria bancrofti: lymphatic filariasis, general" , Brugia malayi XE "Brugia malayi: lymphatic filariasis, general" i and Brugia timori XE "Brugia timori: lymphatic filariasis, general"  cause lymphatic disorders. Wuchereria bancrofti is the most widespread of the human filariae in the world. The majority of infections occur in Asia, but this parasite also causes considerable problems in Africa and the north-west of South America. There is a periodic and a subperiodic form. Brugia malayi occurs in Southeast Asia and Brugia timori is limited to a few islands around Timor. Brugia malayi has two forms: a periodically transmitted form (without animal reservoir) and a subperiodic form (animal reservoir in monkeys). Consequently, subperiodic Brugia malayi infection is a zoonosis.

Parasite
 Rhythm 
 Reservoir
 Main vector

 W. bancrofti
 Periodic
 Humans 
 Culex, Anopheles

 W. bancrofti
 Subperiodic
 Humans
 Aedes

 B. malayi
 Periodic
 Humans
 Anopheles

 B. malayi
 Subperiodic
 Humans, monkeys, cats
 Mansonia

 B. timori
 Periodic
 Humans
 Anopheles

3.2 Lymphatic filariasis, geographical distribution
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3.3 Lymphatic filariasis, transmission

In 1866, the German doctor Otto Wucherer discovered numerous microfilariae in patients with haematuria and chyluria in Bahia, Brazil. In 1870 the Briton, Lewis, in Calcutta discovered that patients with elephantiasis were infected with filariae. Because microfilariae were periodically detectable in the blood, the Scottish doctor Patrick Manson suspected that night-biting mosquitoes might be responsible for transmission. He is regarded by many as the father of tropical medicine. He initially worked as a doctor in Kaohsiung, in the south of Formosa, the present-day Taiwan. In subsequent years he carried out various experiments in Amoy (Xiamen), China. He allowed mosquitoes to bite his filaria-infected gardener, afterwards dissecting the insects and detecting microfilariae. He was able to follow the metamorphosis of the parasites in the insects. Manson, however, thought that mosquitoes only sucked blood once in their lifetime. So, there was a problem in explaining transmission. He assumed that drinking water was contaminated by dead mosquitoes and that transmission occurred in this way. It later became clear that the parasites are transmitted via the bite of infected mosquitoes, primarily by the night-biting Culex and Anopheles mosquitoes. This biting behaviour is important as the numbers of microfilariae in the peripheral blood systematically fluctuate over a 24-hour period reaching their highest levels at night. There is a remarkable periodicity of the microfilariae. The density of parasites is greatest at the time when the chance of transmission is greatest (at night). In the Pacific Islands, transmission occurs via the daytime-biting Aedes mosquitoes so there is no or less diurnal variation (= subperiodic form).

*

The most important species of vector is Culex quinquefasciatus XE "Culex quinquefasciatus: lymphatic filariasis, transmission" . This mosquito, together with Anopheles gambiae XE "Anopheles gambiae: lymphatic filariasis, transmission"  and Anopheles funestus XE "Anopheles funestus: lymphatic filariasis, transmission" , is the most important vector in sub-Saharan Africa. In Egypt, Culex pipiens XE "Culex pipiens: lymphatic filariasis, transmission"  is the principal vector. Culex mosquitoes lay their eggs in small groups on the water surface. Mansonia mosquitoes (subgenus Mansonioides) are also vectors and are found in association with certain water plants. Transmission via mosquitoes means that there is very marked geographical heterogeneity. There can be limited transmission at one particular place, whereas 2 kilometres further on transmission might be 100 times more intense. Wuchereria bancrofti is fairly poorly transmitted by mosquitoes. On average a dozen bites are necessary before an infection becomes patent.

*

After being sucked up by the mosquito, microfilaria reach the abdominal stomach via the proboscis, pharynx and thoracic oesophagus. Chitinous teeth in the foregut can mechanically damage aspirated microfilariae. These teeth are particularly pronounced in Anopheles females. In the stomach, the parasites shed their sheath, penetrate the gastric wall and migrate via the haemocoel to the insect’s thoracic muscles. After maturation, the immature worms migrate through the insect’s head to the labium ("lower lip") of the proboscis. This stage is reached approximately 10 days after the blood meal. When the mosquito again sucks blood, the 1.2-1.6 mm long infective larvae break through the labella of the labium and then creep onto the skin (the labium is not inserted into the skin, in contrast to other mouthparts). If the parasite, now known as an infective larva,  finds a portal of entry (e.g. the bite wound), it enters and is transported via the lymphatics. The insect’s salivary glands play no direct role in transmission, in contrast to malaria.

*

Wuchereria bancrofti becomes adult in human lymphatics and lymph nodes. The worms are 0.2 mm wide and can be up to 10 cm long. They survive for up to 10 years. Approximately 6 to 12 months after infection, microfilariae appear in the circulation. Every day, the female produces numerous microfilariae (250 to 300 µm long and 8 µm wide). They are surrounded by an egg membrane (sheath). The membrane is sometimes very difficult to see in a microscopic preparation.

3.4 Lymphatic filariasis, pathogenesis

The adult worm induces an immunological reaction in humans. The basic lesion is a sterile inflammation around the worm, in and around the lymph nodes and lymph vessels. In the case of lymphangitis, there is often retrograde inflammation (centrifugal spread). This inflammation leads to obstruction of lymph vessels, resulting in temporary lymphostasis and lymphoedema. Following repeated attacks, irreversible damage to the lymphatics occurs with permanent "non-pitting" lymphoedema. Sometimes abscesses occur at the site of dead adult worms. There are also findings that indicate that adult worms can themselves directly attack the lymphatics (irrespective of the immunological response). Children born to microfilaraemic mothers have reduced immunological reactions to microfilaria antigens in comparison to children of non-infected mothers. This immunological tolerance lasts for many years after birth. Occasionally microfilariae penetrate the placenta, but this has no major consequences (microfilariae are not pathogenic). True congenital transmission does not occur. Microfilariae that are accidentally transmitted via a blood transfusion remain present in the recipient’s blood for approximately one month. In humans with severe symptoms, low or no microfilaraemia is found in most cases, whereas humans with high microfilaraemia often have no symptoms. The reasons for this apparent paradox is that the pathology is caused by the patient’s immunological response to the adult worms. If the reaction is violent, few adult worms and microfilariae survive, but considerable inflammation will occur with sequelae. During infection with the filariae, the immunological response evolves. Down-regulation can occur and some patients do not produce any interferon-gamma after exposure to parasitic antigen. This is currently the subject of intense study.

*

Note: Worm load

There is no multiplication of adult parasites in humans so that the worm load and the degree of illness is proportional to the number of infective larvae transmitted by infected insects. The number of insect bites is directly proportional to the duration and intensity of exposure in a filariasis region. In most cases, severe disease is only seen in humans who have lived for a long time in an endemic area. The patient’s individual immunological response has a significant role in the development of the various symptoms.

3.5 Lymphatic filariasis, parasite genetics

Filariae have a triple genome: a nuclear, a mitochondrial and that of an endosymbiotic bacterium, Wolbachia. The nuclear genome of B. malayi is approximately 100 million base pairs, about the same size as that of the free-living nematode Caenorhabditis elegans, a standard test organism. The genome is rich in AT (71%) and is distributed over five chromosomes, four autosomes and a pair of sex chromosomes. The Filarial Genome Project was started in 1994 and is intended to map and annotate the genome. 

3.6 Lymphatic filariasis, endosymbiont

The intracellular Wolbachia XE "Wolbachia: lymphatic filariasis, endosymbiont"  endosymbiont is apparently an obligate parasite of these worms. The bacteria are related to Rickettsiae. In view of the fact that this might be a target for therapeutic intervention (Wolbachia is susceptible to tetracyclines), a Wolbachia Genome Consortium has been formed to map the endosymbiont of Brugia malayi. At the same time it is intended to map the Wolbachia endosymbionts of Culex pipiens and Drosophila melanogaster XE "Drosophila melanogaster: lymphatic filariasis, endosymbiont"  to make comparative studies possible. 

*

In certain insects, Isopoda and mites, infection with Wolbachia causes various effects, such as parthenogenesis (e.g. in wasps), cytoplasmic incompatibility, feminisation of genetic males, death of male insects and embryolethality. The Wolbachia present in filariae appear not to cause these reproductive modifications. However, their presence appears to be favourable for the growth and fertility of the nematode. Tetracycline given to dogs infected with Dirofilaria immitis XE "Dirofilaria immitis: lymphatic filariasis, endosymbiont"  inhibits embryogenesis of the nematode. When rats infected with endosymbiont-containing Litosomoides sigmodontis XE "Litosomoides sigmodontis: lymphatic filariasis, endosymbiont"  filaria are given tetracycline, the parasites are severely damaged and produce a much smaller number of microfilariae. Obviously more study is necessary on this subject.

3.7 Lymphatic filariasis, clinical features

The majority of infected people exhibit few if any obvious clinical signs, even though they can have microfilariae in their peripheral blood. Although these people are asymptomatic, almost all have subclinical disease with microscopic haematuria or proteinuria, dilated tortuous lymphatics and, in males, scrotal lymphangiectasia. Among the more obvious symptoms, the acute, temporary signs and symptoms caused by inflammation should be distinguished from those resulting from chronic lymph tract obstruction.

3.7.1 Signs of inflammation

· Adenolymphangitis: Acute pain and inflammation in one or more lymph nodes (groin, axilla, elbow, neck). This is associated with fever and general malaise. Retrograde lymphangitis often occurs after 4 to 8 hours. There is centrifugal redness, pain and heat over the course of the lymph vessels. Pyogenic lymphangitis proceeds centripetal, not centrifugal. In most cases, the symptoms last 3-4 days. Each episode results in several days of incapacity for work.
· Inflammation of testis and spermatic cord: acute pain, swelling and fever. Repeated funiculitis (inflammation of the spermatic cord) results in thickening of this structure.
· Filaria fever: Irregular fever often occurs without external lymph node inflammation, as a result of inflammation of the deeper lymphatics and lymph nodes. The fever may recur irregularly for months or years after the patient leaves an endemic region (observed in 20,000 American military personnel who fought in the South Pacific during the Second World War, an area endemic for W. bancrofti).

3.7.2 Signs of chronic obstruction:

· Hydrocoele: accumulation of fluid in the tunica vaginalis. Hydrocoele often occurs in orchitis (inflammation of the testis). This is very common in an endemic region. Microfilariae are often found in hydrocoele fluid. Large hydrocoeles can be very inconvenient. Sexual incapacity associated with genital filariasis is a major concern for those infected. Shame, anxiety, sexual problems in marriage and social stigmatisation are widespread. Note: lymph from the scrotum and the greater part of the penis drains towards the superficial inguinal lymph nodes, that from the glans goes principally to the deep inguinal nodes while from the testis it flows to the pre-aortic and retroperitoneal lumbar lymph nodes.
· Lymphoedema and elephantiasis: Chronic lymphostasis can lead to lymphoedema. This is most striking in the legs, scrotum, breasts and arms. The labia and penis are somewhat less frequently affected. If the lymphoedema persists for a long time, elephantiasis can occur. The skin is then markedly thickened and can become wart-like. The oedema is "non-pitting" because there is also a proliferation of connective tissue. The tissue is fibrotic and hard. Recurrent erysipelas (bacterial superinfection) can cause the elephantiasis to increase still further. Brugia infections mostly cause elephantiasis confined to the genitalia, lower legs and lower arms.

· Lymph leakage: The rupture of swollen lymphatics into the renal pelvis can cause chyluria (milk-like pale pink urine). This sort of fistula can follow a very chronic course. Rupture of lymphatics in the abdominal cavity or thorax results in chylous ascites and chylothorax (chyle = lymph). A protein-rich white fluid is obtained on aspiration. Lymph leakage into the area of the tunica vaginalis results in chylocoele. Clumping of lymph proteins in the ureters can cause obstruction. Long-term extensive chyluria results in hypoproteinaemia. The rupture of numerous small skin lymphatics in the scrotum can lead to a constantly wet, sticky scrotum which is particularly unpleasant.
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3.7.3 Tropical pulmonary eosinophilia, Weingarten’s syndrome. 

Tropical pulmonary eosinophilia is particularly common in India, but also in Southeast Asia. Pulmonary symptoms are predominant: cough, dyspnoea, "asthmatic syndrome". Chest X-rays very consistently show patchy infiltrates, in contrast to Loeffler’s syndrome in which they are more fleeting. Sometimes the lymph nodes swell and splenomegaly occurs. The erythrocyte sedimentation rate increases and there is marked eosinophilia. There are no microfilariae in the peripheral blood. Serological tests for filariae are strongly positive. This condition responds very well to therapy with DEC (in contrast to Loeffler’s syndrome). Steroids can be given if other diagnoses (e.g. strongyloidosis) can be excluded. 

3.7.4 Endomyocardial fibrosis

Chronic hypereosinophilia can cause cardiac lesions such as or fibroplastic endocarditis. The contents of the eosinophilic granules (including major basic protein) are toxic to the endocardium and the adjacent myocardium. A restrictive cardiomyopathy can follow.

3.8 Lymphatic filariasis, parasitic diagnosis

1. By detecting microfilariae in blood: thin smear, thick smear, concentration method (Knott's test, microfilter). Because of the periodicity, it is best to take the blood at night. A small dose of DEC can increase microfilaraemia during the day: the microfilariae are then expelled from the pulmonary vascular bed. Microfilariae are sometimes detected in chylous urine, hydrocoele fluid and ascites fluid.
2. Indirect diagnosis by serological detection of antibodies. The cotton rat worm Litomosoides sigmodontis XE "Litomosoides sigmodontis: lymphatic filariasis, parasitic diagnosis"  (formerly L. carinii XE "Litomosoides carinii: lymphatic filariasis, parasitic diagnosis" ) is often used as a source of antigen. Serological testing, however, is of limited sensitivity and specificity.

3. Lymph node biopsies should be avoided as they obstruct lymph drainage still further.

4. Live adult Wuchereria worms can be detected by Doppler echography of the scrotum. Dilated lymphatics are observed in which moving worms are found ("filarial dance sign"). Strangely enough adult Brugia malayi cannot be seen by echography.

5. Circulating antigen of adult W. bancrofti can be detected with an antigen-capture ELISA, but this is not practical in the field (although it is in a central laboratory). Another method is the ICT filariasis card test (Immuno-Chromatographic Test). The test strip has monoclonal antibodies (AD12.1) at one end. When plasma containing parasite’s antigens are added and the mixture allowed to migrate towards the other end, antigen-antibody complexes will form. If the complexes are detected at the correct location, the test is positive. A comparable test is the TropBio® test which detects circulating antigens by means of another monoclonal antibody (Og4C3). The technique is very simple (like ICT-test for malaria). There is no diurnal variation in the concentration of free circulating antigen so that nocturnal blood sampling is not necessary. It is a powerful test for studying the efficacy of chemotherapy. People who have no microfilariae in the blood but who do harbour live adult W. bancrofti test positive. People who recover no longer have circulating antigen in the blood. For population surveys, the earlier standard parasitological techniques (nocturnal blood samples) are cumbersome, time-consuming, expensive and very intrusive. The detection of circulating antigen can provide an answer here. There is still no commercially available antigen test for detecting Brugia infections, which is a problem in Brugia endemic regions.

6. PCR tests have been developed that detect DNA of W. bancrofti, Brugia malayi and B. timori. They are used predominantly in epidemiological work. The tests have a remarkably good sensitivity and specificity. DNA can be detected with these tests in both humans and insects. Blood samples can be dried on filter paper, for example, to be examined a few months later in a central, well-equipped laboratory observing the principles of good quality control. This makes the field work much easier.
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3.9 Lymphatic filariasis, differential diagnosis lymphoedema

Lymphoedema can be primary (agenesis or hypoplasia of the lymphatics, Milroy's syndrome) or secondary to mechanical or inflammatory obstruction. In addition to lymphatic filariasis, there are other causes of elephantiasis such as onchocerciasis, lepromatous leprosy, surgical resection or trauma, lymph node destruction by tuberculosis, chromomycosis, metastasis, genital infection with certain strains of Chlamydia trachomatis XE "Chlamydia trachomatis: lymphatic filariasis, differential diagnosis lymphoedema"  (Nicholas-Favre disease = lymphogranuloma venereum), severe urinary schistosomiasis, phlebitis, repeated erysipelas (“elephantiasis nostras”) and podoconiosis. In a limb with long-standing elephantiasis, a haemangiolymphosarcoma can develop after 5-20 years. This is known as Stewart-Treves syndrome.

*

Note: podoconiosis

Podoconiosis (syn. lymphatic siderosilicosis or lymphoconiosis) is a chronic disorder characterised by the very slow onset of oedema, subsequent lymphoedema and later elephantiasis (mostly limited to below the knee). The disease is caused by immunological response to certain minerals (silicates, zirconium or beryllium-containing minerals, other substances?). When walking barefoot on ground containing these minerals, dust particles can absorbed through the soles of the feet via small wounds. They are then transported via the lymphatics to the inguinal lymph nodes where they cause a local inflammatory reaction. Atrophy and fibrosis of the lymphatics occur subsequently (in contrast to bancroftiasis where dilatation occurs). The disorder occurs in well-defined areas (specific mineral composition of the soil!) in people who walk about barefoot, such as Ethiopia, Kenya, Rwanda, Uganda, West Africa and India. Whereas lymphatic filariases occur predominantly in lower-lying areas (vector biotope), podoconiosis is characteristic of higher-lying zones. This, however, is not absolute. Other signs of bancroftiasis are absent (hydrocoele, eosinophilia, nocturnal microfilaraemia). Confusion with mycetoma ("Madura foot") or with classic Kaposi’s sarcoma is possible.

3.10 Lymphatic filariasis, treatment

3.10.1 General

Self-help groups in a community can play an important role. In an acute situation, pain relief, antipyretics and antiphlogistics are indicated. In chronic lesions of the scrotum, surgery can be performed. Elephantiasis of the limbs is relatively treatment-resistant. Physical methods (lymph drainage by massage) should be continued for a long time and will not in any way alter the fibrotic component of the swelling. Permanent compressive bandages are not practical in a warm, moist environment. A firm, compressive dressing (elastic bandages) may be applied centripetally. These are then changed daily and relatively good results can be achieved in this way, particularly if elastic compressive stockings can be worn afterwards. Microsurgery with the creation of several lymphovenous anastomoses is difficult, but can yield good results.

3.10.2 Hygiene and antibiotics

Good, enforced hygiene can dramatically reduce the number of complications. General cleanliness, washing with soap and disinfection of wounds are crucial. If bacterial superinfection is present, this should be treated appropriately. There is often a fungal infection between the toes (athlete’s foot), which acts as a portal of entry for various bacteria. Simple hygiene is important and should be stressed: 

· Washing the affected part of the body twice daily with soap and water

· Elevation of the affected limb at night

· Daily physical exercise to improve lymph drainage

· Keeping nails clean

· Wearing shoes

· Disinfecting skin wounds rapidly and properly 

· Systemic antibiotics for superinfection

· Treating athlete’s foot 

3.10.3 Diethylcarbamazine or DEC 
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Diethylcarbamazine XE "Diethylcarbamazine: lymphatic filariasis, treatment"  (= DEC) was introduced in 1947. DEC (Notezine®, Hetrazan®, Banocide®) has a rapid, but indirect microfilaricidal effect on Wuchereria and Brugia. If it is taken for prolonged periods, there is also an incomplete macrofilaricidal effect. The dose conventionally given as monotherapy is 72 mg/kg over 12 days (e.g. 50 tablets of 100 mg). There is evidence to show that lower doses for shorter periods are as effective (e.g. single dose of 6 mg/kg). DEC in monotherapy has an efficacy of ± 90%. Pregnancy is a contra-indication for the administration of DEC. This medication is fairly well tolerated, but systemic reactions can occur, caused by the massive and sudden death of microfilariae. Malaise, pruritus, urticaria, fever, headache, vomiting, asthmatic crisis (cf. the Mazzotti reaction in onchocerciasis and the Jarish-Herxheimer reaction in spirochaetosis). This usually happens in the first 48 hours. Local tissue reactions can also occur around dead macrofilariae (lymphangitis, abscess, funiculitis). They can also occur up to several weeks after therapy. Most microfilaraemic patients have a transient increase of haematuria and/or proteinuria after starting DEC. Because of these potential side effects, treatment is started with a low dose and increased progressively. It sometimes needs to be repeated. The microfilariae are not killed immediately by DEC, but their phagocytosis is facilitated. The indirect effect of DEC means that microfilariae remain alive in cavities (e.g. hydrocoele). This can give rise to confusion, but otherwise is not important as microfilariae are not pathogenic. If the adult worms are not killed, microfilariae reappear in the blood 3-6 months later. 

3.10.4 Ivermectin XE "Ivermectin: lymphatic filariasis, treatment"  (Mectizan®, Stromectol®) 

This drug became available in 1984 for the treatment of onchocerciasis. It is also active as a microfilaricide against W. bancrofti. It has the enormous advantage that it can be given in one oral dose and that it has few side effects. It is, however, not macrofilaricidal, even if repeated at high doses. It is useful in the control of bancroftiasis (suppressing microfilaraemia stops transmission), but probably not in helping individual patients. The combination of single dose DEC with single dose ivermectin is much more effective (99%) than each medication alone. 

3.10.5 Albendazole XE "Albendazole: lymphatic filariasis, treatment" 
Albendazole has a partial macrofilaricidal effect. It has been shown that the combination of single doses of ivermectin with albendazole suppresses microfilaraemia by 99% for at least 15 months. This combination is more effective than each medication used separately. This combination also has the great advantage of eliminating diverse intestinal worms and of treating scabies (ivermectin).

3.10.6 Amocarzine XE "Amocarzine: lymphatic filariasis, treatment" 
This is an experimental macrofilaricidal agent. Initially it was thought that a dosage of 3 mg/kg bid for 3 days would suffice, but research on the drug has at the moment been discontinued. UMF-078, an experimental benzimidazole and extracts of Cardiospermum halicacabum (“balloon vine”, “heart pea”, fam. Sapindaceae) are being studied for their activity and possible place in treatment. UMF-078, however, is possibly teratogenic and carcinogenic. 

3.10.7 Benzopyrones XE "Benzopyrones: lymphatic filariasis, treatment" 
Benzopyrones are experimental products related to coumarins, but without an anticoagulant effect. They stimulate proteolysis by macrophages. They can be used to remove an excess of proteins in lymphoedema, which is a form of high-protein oedema. If there are fewer proteins present, the quantity of fluid is decreased by the reduction in oncotic pressure. Probably, the fibrotic component of lymphoedema also declines. Benzopyrones can be administered orally (400 mg/day) and have few side effects. The treatment is long-term (a year or possibly longer). The medication, however, is still experimental and not routinely available. More research is necessary to determine its potential place in therapy.

3.10.8 Tetracyclines XE "Tetracyclines: lymphatic filariasis, treatment" 
Tetracyclines are active against the endosymbiotic Wolbachia present in Onchocerca volvulus. This might be a new therapeutic point of attack. Initial clinical studies show a favourable effect of the combination of ivermectin with 6 weeks of doxycycline. It is however possible that the release of the intracellular bacteria and their lipopolysaccharide is responsible for the observed side effects involving inflammatory reactions soon after treatment. Clearly, more research is necessary on this subject.

3.10.9 Combination therapy

Combination therapy (albendazole 400 mg + ivermectin 200 µg/kg) or (albendazole 400 mg + DEC 6 mg/kg) is preferred at present. The second regimen is not used in countries where onchocerciasis occurs.

3.11 Lymphatic filariasis, prevention

In May 1997, the WHO adopted a resolution to eliminate lymphatic filariasis as a public health problem. The programme “Global Programme to Eliminate Lymphatic Filariasis” or “Global Lymphatic Filariasis Initiative” was launched in the year 2000. It is based on two approaches: (1) annual single dose, two-drug treatment allowing suppression of microfilaraemia for a year and which can be given as mass treatment for 5-6 successive years [albendazole + ivermectin in onchocerciasis areas; albendazole + DEC in other areas], (2) simple diagnostic tests that can be performed by a finger prick at any time of the day. It is hoped to eradicate lymphatic filariasis by about 2020. Good financial backing has been provided but this still needs to be extended. Technical training, logistics and management support should be organised. Continuous monitoring and evaluation should constitute an integral part of the programme. Nigeria, Egypt and Samoa were the first three countries in which the programme was started. By the end of 2001, the programme was already active in 36 countries. It began with a pilot programme and the updating of the maps of endemic regions. This involved the use of Geographic Information Systems, risk profiling according to climate, rapid assessment questionnaires on the occurrence of hydrocoeles and lymphoedema, incidence of hydrocoelectomy, standard surveys for the detection of microfilariae, blood collection for PCR and circulating antigen assays and clinical trials. Other components are the development of mathematical models for the better understanding and prediction of transmission dynamics, socio-economic projections for quantifying the impact and cost/benefit calculations. The programme requires that mass treatment and patient-oriented therapy with DEC, in combination with ivermectin or albendazole, should be associated with vector control and improved personal protection against mosquito bites (impregnated mosquito nets, household insecticides). Albendazole has been donated by GlaxoSmithKline. Ivermectin is supplied by Merck & Company. By means of mass campaigns involving annual administration of DEC with ivermectin or albendazole + ivermectin, bancroftiasis problems can be considerably reduced. The use of DEC is problematical in an area where there is still much onchocerciasis. Ivermectin can cause occasional problems in areas with severe Loa loa infections. In some places, such as China, DEC is added to salt with beneficial consequences (cf. the addition of iodine to prevent iodine deficiency). A small dose of DEC can also be taken weekly, for example 100 mg/week. As a favourable "side-effect", reductions may also be expected in the levels of hookworms, various other intestinal helminths and also ectoparasites (lice and scabies), hopefully with the associated improvement in nutrition and cognitive function.

3.12 Lymphatic filariasis, vector control

Culex mosquitoes can breed easily in polluted water (drainage canals, septic pits, etc.). The vectors thrive under urban conditions of poverty, poor water drainage and pollution. The introduction of very light (and therefore floating) polystyrene granules into septic tanks can produce a marked reduction in the Culex mosquito population by mechanical protection. The polymer beads expand upon heating which facilitates transport of the unheated material (more compact). Bacillus sphaericus XE "Bacillus sphaericus: lymphatic filariasis, vector control"  is a toxin-producing bacterium used against various vectors.

*

There is evidence to show that Culex quinquefasciatus has developed resistance to insecticides belonging to the organophosphates, such as fenthion. This is due to the presence of an esterase that splits the poisonous molecule. These resistant mosquitoes, however, are much less often infected with W. bancrofti than might be expected. The esterase also possibly has an effect on the microfilariae, as a result of which their development in the insect is inhibited.
*

In the mosquito genus Mansonia there are two subgenera: Mansonia and Mansonoides. Mansonoides mosquitoes are vectors for Brugia. They bite preferably at dusk and at daybreak, but nocturnal biting also occurs. If it is dark (heavily overcast, wooded environment) they can also bite during the day. The bites are typically painful. The females of these mosquitoes (like Coquillettidia sp.) lay their eggs under floating vegetation. Their larvae breathe air through a siphon via the roots and stems of water plants. Pistia sp. XE "Pistia sp. : lymphatic filariasis, vector control" , Zuzania sp XE "Zuzania sp. : lymphatic filariasis, vector control" , water hyacinth (Eichhornia) and marsh grass (Isachne) are the principal host plants. The larvae do not come to the surface and are difficult to reach with insecticides. This is of importance in the control of the insects. The clearance of water plants, overgrown canals, etc., will substantially reduce a mosquito population. 

*

In the context of a prevention programme, it is important to know how many mosquitoes are infected in a specific region. The presence of the parasite in a mosquito population can be investigated by catching the insects, dissecting them one by one and establishing the percentage and degree of infection. If transmission is less intense, however, large numbers of mosquitoes have to be studied. This is cumbersome work (maximum 100-200 mosquitoes a day per person). A more modern technique is to catch the mosquitoes and to test them for the parasite in groups of 50, for example, by PCR. In this way up to 2000-3600 mosquitoes per day can be analysed. For PCR, however, special equipment, training and quality control is required. 

*

Note: Water hyacinth
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The plant genus Eichhornia XE "Eichhornia sp. : lymphatic filariasis, vector control"  contains 6 species with a natural distribution in tropical and subtropical America. The genus name derives from the Prussian minister J. Eichhorn. Eichhornia crassipes or water hyacinth is a water and marsh plant with short swollen leaf stalks, a characteristic to which the plant owes its species name. Air chambers are found in the tissues of these distended stalks, which contribute to their ability to float. The plant has beautiful flowers and an extensive root system. It was introduced into India in the 19th century and rapidly became a pest as there were no natural enemies. The plant proliferates rapidly. Within a few months one plant can produce sufficient offspring to cover a surface are of 100 m2. As a result canals can clog up and fish ponds become unusable. In the late twentieth century the species became a pest in Lake Victoria (Africa). Along with the introduction of the large Nile perch into this lake, it caused an ecological disaster. Herbicides have little success against this water plant. Attempts are now being made to combat the plant by mechanical methods and by the introduction of two small weevils (beetles of the Neochetina family) that specifically attacks it. 

4 Onchocerciasis XE "Filariasis: onchocerciasis"  
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4.1 Onchocerciasis, introduction

Onchocerciasis (syn. onchocercosis) is a disease resulting from infection by the nematode Onchocerca volvulus XE "Onchocerca volvulus: onchocerciasis" . The principal characteristics of the condition are pruritic dermatitis, subcutaneous nodules and ocular lesions. Skin lesions were described at the end of the nineteenth century in Africa by Leuckart (1993) and by the Briton, John O'Neil (1875). Robles in 1915 discovered the disease in Guatemala. He was the first to associate the subcutaneous nodules with eye lesions. 

4.2 Onchocerciasis, distribution

The disease nowadays occurs principally in large parts of Africa, especially West and Central Africa (including both Congos and Angola), but also in Soudan, Ethiopia, the north of Uganda and even Tanzania. There are isolated foci in Yemen, in Central America such as Mexico and Guatemala (predominantly mountainous districts where coffee is cultivated) and in the north of South America (discrete foci in Columbia, Ecuador, Brazil and Venezuela). There is no onchocerciasis in Europe, Australia, Central Asia, Southeast Asia, the Far East or the Pacific Bassin. 

· In Mexico there are three foci: one in Oaxaca, and two (a northern and a southern one) in Chiapas. 
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· In Guatemala, the disease exist in areas with an altitude of 500-1500 meters, especially in the coffee growing districts. The endemic foci are spread across 7 departments, with the main focus in the border area between Chimaltenango (Patzun, Pochuta, Acatenango, Yepocapa), Sololá (Santiago Atitlán, San Lucas Tolimán) and Suchitepéquez (Chicacao, San Miguel Panán, Santa Bárbara, San Juan Bautista). There are also foci in the department of Escuintla (Santa Lucia Cotzumalguapa, Siquinalá, Escuintla, Palin, San Vincente Pacaya and Guanagazapa), Santa Rosa (Barberena, Pueblo Nuevo Vinas, Taxisco, Guazacapán, Chiquimulilla), Huehuetenango (Cuilco) and the department of Guatemala (Villa Canales). 
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· In Columbia there is an infected area in the pacific department of Cauca, at municipio López de Micay). 
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· In Venezuela, there are three foci, two in the north: (1) north central (Aragua, Carabobo, Cojedes, Guarico, Miranda, Yaracuy), (2) north east (Anzoátegui, Monagas, Sucre) and one in the south, in Amazonas, in the Yanomami area. 
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· In Ecuador, The endemic area is in the north of the country, in the province of Esmeraldas, with main foci in Río Cayapas, Río Santiago and Río Onzole. There are a number of smaller satellite foci, most of the in Esmeralda, and one in the province of Pichincha (Río Tululví, Río Canandé, Río Verde, Río Viche, Río Sucio and Santo Domingo de los Colorados). 
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· In Brazil, the problem is concentrated in Roraima and the northern part of Amazonia, in the extreme northern part of the country. The area where the Yanomami indians live is about 90,000 km2. This enormous area straddles the border between Venezuela and Brazil. Tucuxim, Xitel, Surucucu, Homoxi and Balawau are the worst affected areas.
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4.3 Onchocerciasis, vector

The infective larvae are transmitted by Simulium mosquitoes ("blackflies"). Several Simulium "species" consist of morphologically identical insects, but which exhibit biochemical, ecological and other differences. This is why reference is made for example to the Simulium damnosum XE "Simulium damnosum: onchocerciasis, vector"  complex (Africa). In Central and South America the main vectors are Simulium ochraceum XE "Simulium ochraceum: onchocerciasis, vector"  and S. metallicum XE "Simulium metallicum: onchocerciasis, vector" . Other Latin American vectors include S. guianense, S. oyopockense, S. exiguum, S. quadrivitatum and S. incrustatum. These small insects (3.5 mm) have a typical highly curved thorax (“hump”) and are therefore sometimes referred to as “buffalo gnats”. They reproduce in rivers and can cover large distances. The fact that the insects are good fliers makes vector control difficult. Eggs are 0.1-0.4 mm long and are surrounded by a sticky substance. They are always laid in flowing water. S. ochraceum lays its eggs while flying over water. Other Simulium species land on partially submerged objects (stones, plants, etc.) and lay 150-800 eggs on or just under the water level (females can go under water for egg-laying). Sometimes there are only a few ecologically very suitable places, where thousands of eggs are then laid. This can lead to the sudden simultaneous appearance of massive numbers of adult insects when the environmental conditions are right. The larvae are sedentary and adhere firmly to rocks or stones. The medical important species are filter feeders and this makes them susceptible to insecticides dispersed in the water. S. neavei XE "Simulium neavei: onchocerciasis, vector"  larvae have the unusual habit of adhering to other arthropods, such as small crabs (known as a "phoretic relationship").
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Only female insects suck blood (from humans as well as animals). This happens during the day in the open at well-defined times. The bite is painful. The short mouthparts cannot penetrate deep into the skin. The mandibles and maxillae have serrated teeth and cut through superficial tissue and capillaries, producing a pool of bloody fluid that can be sucked up [these insects are known as "poolfeeders" or telmophages (Gr. "telma" = pool, marsh), in contrast for example to Culex mosquitoes which are "capillary feeders" or solenophages (Gr. "soleno" = tube, pipe)]. This feeding method is ideal for transmission, since the microfilariae are located very superficially in the skin (not in the blood). In some areas (e.g. Canada) the enormous numbers of insects make outdoor activities almost impossible at certain times (it can be compared with the disruption caused elsewhere by Culicoides and Aedes sp.).

4.4 Onchocerciasis, life cycle

There is no significant animal reservoir. Onchocerca volvulus microfilariae are more tissue parasites than blood parasites. An adult Simulium female can consume numerous larvae during a blood meal, but only 2 or 3 of these will develop further to infective larvae in the insect’s thoracic muscles. After maturation of the parasites, infective larvae can be introduced into a new host through a subsequent bite site. The interval between the aspiration of microfilariae and infectiousness is 6-13 days. The lifespan (adult insect) of many simulids is 3 weeks. The more insect bites someone suffers over the course of the years, the greater the worm load. After a bite from an infected insect, the infective larvae develop in humans to adult worms (=macrofilariae) that live subcutaneously. The prepatent period (time between infection and detection of microfilariae) is 3 to 15 months. The adult female is 25 to 50 cm long and 0.3 mm wide. Males are only 2 to 4 cm long. When the female lays the microfilariae, they lose their egg membrane (Onchocerca microfilariae are "unsheathed"). A female lays on average 1600 microfilariae per day. Microfilariae are 220 to 360 (m long and 5 to 9 (m wide. The nuclei at the head end lie side by side while in the fine tapering tail there are long drawn-out nuclei that do not extend as far as the end. These features are important in distinguishing them from other microfilariae that can be found in the skin such as Mansonella streptocerca and Mansonella ozzardi. The macrofilariae lie coiled subcutaneously in nodules and can live for up to 15 years. These nodules are predominantly located on the scalp and upper body in people living in Central and South America but occur more on the pelvis and legs in Africans. This has to do with the biting habits of the vector. Simulium damnosum (Africa) tends to bite on the lower half of the body (98% of bites below the belt) and Simulium ochraceum (America) preferably bite on the upper part of the body. The microfilariae concentrate in the skin, eyes and lymph nodes. When the microfilariae die, they cause a local inflammatory reaction. Microfilariae have an average life span of 13 months.
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4.5 Onchocerca volvulus : Endosymbiont

Intracellular bacteria can be detected by electron microscopy in adult Onchocerca volvulus and also in the microfilariae. Comparable organisms are also found in filariae that cause lymphatic filariases such as Brugia malayi and Wuchereria bancrofti, but also in most others, such as Brugia pahangi XE "Brugia pahangi: onchocerciasis, endosymbiont" , Dirofilaria immitis XE "Dirofilaria immitis: onchocerciasis, endosymbiont"  and Litomosoides carinii XE "Litomosoides carinii: onchocerciasis, endosymbiont" . They are not present as far as we know in Acanthocheilonema viteae XE "Acanthocheilonema viteae: onchocerciasis, endosymbiont"  (parasite of rodents) and Onchocerca flexuosa XE "Onchocerca flexuosa: onchocerciasis, endosymbiont"  (parasite of deer). The bacteria belong to the genus Wolbachia of the Rickettsiales (α-Proteobacteria) and are closely related to Ehrlichia, Cowdria and Anaplasma. The Wolbachia bacteria are transmitted transovarially, have a preference for oocytes and the lateral tissues (”lateral chords”) in the macrofilariae and have a development cycle that resembles that of the Chlamydiae. They possibly represent a point of attack for therapy. It was possible to render the macrofilariae in onchocercomas bacteria-free by means of a 6-week treatment with doxycycline. At the same time parasitic embryogenesis was totally impaired. Wolbachia bacteria are also susceptible to rifampicin. How far these findings are relevant for clinical practice has not been fully elucidated.

4.6 Onchocerciasis, clinical features

4.6.1 Onchocerciasis, Skin abnormalities

Pruritus occurs locally or systemically. There are scratch lesions often with bacterial surinfection. The chronic itching has given rise to the terms "gale filarienne" and "craw craw". If untreated, the dermatitis assumes the form of a pruritic papular dermatitis, progressing to a chronic rough, coarse, papular dermatitis, often with postinflammatory hyperpigmentation, followed by lichenification, atrophy and finally patchy depigmentation (leopard skin). Pea- to plum-sized subcutaneous nodules are found predominantly over bony protuberances such as the hip, pelvis, ribs, shoulderblades and skull. For every palpable nodule, there are 4 non-palpable nodules (forest onchocerciasis) or 10 non-palpable nodules (savanna onchocerciasis). Though not always found (in Africa in only 30 to 60% of positive people), enlargement of the inguinal nodes is sometimes also present, resulting in what is known as "hanging groin". Onchocerciasis causes elephantiasis (lymphoedema) in a number of cases. In Yemen, a syndrome of unilateral or bilateral maculopapular pruritic onchocerca dermatitis of the legs is found with hyperpigmentation and inguinal lymph node enlargement, known as "Sowda".
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Note: Onchocerciasis and Vitamin A 

Onchocerca volvulus sequesters retinol (vitamin A) by means of specific proteins. How far this contributes to hypovitaminosis A and to what extent this is significant in the pathology is a subject of intensive study. 

4.6.2 Onchocerciasis, Ocular lesions

Ocular lesions only occur after many years of severe infection and are therefore usually not present before the age of 30. They are more frequent in savanna regions than in the rainforest. 

*

Ocular lesions can be exacerbated by DEC therapy, but not by ivermectin. Microfilariae can be seen in the anterior chamber with a slitlamp. When microfilariae die, opaque fine 0.5 mm wide lesions corneal occur: keratitis punctata. This is a corneal inflammation with small spots on the cornea accompanied by redness of the conjunctiva. Sclerosing keratitis occurs later (hazy cornea with pannus formation) as well as iritis and uveitis, resulting in blindness (river blindness!). More rarely, there is involvement of the posterior part of the eye: chorioretinitis and optic nerve atrophy. In chorioretinitis, an active exudative form and a chronic atrophic form are recognised. There is initially a loss of retinal pigment which assumes a greyish-yellow patchy appearance, mostly in an arch around the macula (temporally to the macula and nasally to the optic disk). Pigment clumps, atrophy and subretinal fibrosis occur subsequently.

*

Note: Blindness 

On a global scale, the main causes of blindness are: cataract (clouding of the lens), trachoma (infection with the bacterium Chlamydia trachomatis), glaucoma (increased intra-ocular pressure with damage to the optic nerve), xerophthalmia (vitamin A deficiency with night blindness first of all, followed by dry eyes and corneal softening), onchocerciasis, diabetes, leprosy, maculopathy and trauma.

4.7 Onchocerciasis, diagnosis

4.7.1 Detection of microfilariae in a skin snip

Various techniques may be used for detecting microfilariae in the skin. A skin snip is often used. A needle is used to raise the skin and a fine piece is shaved off with a razor blade. A standardised punch biopsy is also possible. The piece of tissue is placed in some physiological saline. The specimen is then examined 15 minutes to 3 hours later to see whether or not microfilariae have emerged. 

4.7.2 Detection of microfilariae in skin fluid.
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This is done by means of scarification with a sterile razor blade. Preferably several sites are examined (often 4 sites are choosen). The fluid obtained can be collected on a glass slide and stained with Giemsa to allow identification.

4.7.3 Detection of microfilariae at other sites

Occasionally O. volvulus microfilariae are found in the blood and in the urine.

4.7.4 Nodulectomy

This is both diagnostic and curative if all the nodules would be resected. The macrofilariae are found in the nodule.

4.7.5 Slitlamp examination

This is a non-invasive test, but requires considerable experience. It is best to get the patient to lay his/her head on his/her knees for at least 2 minutes before the examination to allow more microfilariae to come into the anterior eye chamber.

4.7.6 Mazzotti test

If the diagnosis is doubtful, the patient may be given 50 mg DEC orally. If microfilariae are present, a severe itching reaction will occur within 2 hours. This is caused by an allergic reaction to the proteins released after the rapid breakdown of microfilariae. Because this is very unpleasant, this test should be used only when strictly necessary. Topical use of a DEC-containing cream has also been described (DEC patch test), in response to which a limited local skin reaction can occur.

4.7.7 Serology 

Serology cannot distinguish between the various species of filariae. The antigen used is usually extracted from a different worm: Litosomoides sigmodontis XE "Litosomoides sigmodontis: onchocerciasis, diagnosis" .

4.7.8 Antigen detection

This is a fairly recent technique which is relatively complicated and needs to be assessed further. The benefit for individual patients in endemic areas is probably limited.

4.8 Onchocerciasis, treatment

4.8.1 Ivermectin XE "Ivermectin: onchocerciasis, treatment" 

 XE "Ivermectin: onchocerciasis, treatment"  (Mectizan®) 
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Ivermectin is a fast-acting, safe and effective microfilaricide. It is actually a mixture of two closely related products (avermectins), prepared from cultures of the actinomycete Streptomyces avermitilis. This organism was originally isolated from a soil sample by researchers from the Kitasato Institute of Japan (of Kitasato Shibasaburo fame, student of Koch and discoverer of the tetanus bacillus). Ivermectin has a broad spectrum and is active against various worms and arthropods (ectoparasites). In onchocerciasis, it is active against the free microfilariae and those that are still in the uterus of the female. The embryocidal activity is limited to the late stages of embryogenesis. Early embryogenesis is not affected by ivermectin. It has at present totally replaced DEC. It can be given in a single oral dose (2 tablets of 6 mg for an adult) which makes it easy to administer in the field. It must be given repeatedly. The ideal frequency of administration (once a year or more frequently) still remains to be determined. Ivermectin does not penetrate the aqueous humour. Consequently it does not cause intra-ocular inflammatory reactions that might exacerbate ocular lesions. It was initially thought that pregnancy constituted a contra-indication to treatment with ivermectin, but no increase in the incidence of abnormalities has been observed in neonates when the product has accidentally been taken by the mother during pregnancy. In areas of Loa loa a slight risk of neurological side-effects of ivermectin exists (see below). In 1987, the manufacturer of ivermectin (Merck Company) announced that the company would make the medication freely available to combat onchocerciasis. Ivermectin had been used since 1981 in animals. Various gastro-intestinal nematodes have developed resistance. Development of resistance in O. volvulus is being closely monitored.

*

Alternatives are being studied, including the derivatives doramectin and moxidectin. Moxidectin has a plasma half-life of 20 days (in contrast to 2 days for ivermectin) and is macrofilaricidal. It is obtained from cultures of Streptomyces cyanogriseus ssp. noncyanogenus. At present it is only used in veterinary medicine.

4.8.2 Suramin XE "Suramin: onchocerciasis, treatment" 

 XE "Suramin: onchocerciasis, treatment"  

Suramin was previously used as a macrofilaricidal agent, but it is much simpler and safer to give ivermectin repeatedly. Suramin has at present been abandoned in the treatment of onchocerciasis (but is still used in West African trypanosomiasis).

4.8.3 Amocarzine XE "Amocarzine: onchocerciasis, treatment" 
There is still no good macrofilaricidal agent available. Amocarzine was shown not to be active in clinical trials.

4.8.4 Tetracyclines XE "Tetracyclines: onchocerciasis, treatment" 

 XE "Tetracyclines: onchocerciasis, treatment" 
Tetracyclines such as vibramycin can kill Wolbachia endosymbionts of macrofilariae. According to initial findings, the subsequent suppression of embryogenesis by ivermectin lasts much longer (at least 18 months). The therapeutic place of vibramycin however has not been established. 

4.8.5 Nodulectomy

This involves the removal of superficial nodules and is popular in Central America.

4.9 Onchocerciasis, prevention

4.9.1 OCP
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In 1968, the WHO decided to instigate a large scale onchocerciasis control programme (OCP). The emphasis of the programme is on vector control in areas where the disease is often associated with blindness (savanna-type onchocerciasis). Initially it involved 7 West African countries (Benin, Burkina Faso, Ivory Coast, Ghana, Mali, Niger and Togo). 

*

After a few years of preparation, the vector control programme started in 1974. In 1978, and subsequently in 1986, the programme was extended to the west and south (including Guinea, Guinea-Bissau, Senegal and Sierra Leone) to a total of 11 countries. It covers an area of 1,235,000 km² with 50,000 km of river. Initially 30,000,000 people lived there. In view of the fact that an adult female worm lives on average 11 years, it was estimated that a minimum of 14 years of insect control would be necessary to eradicate the human reservoir of onchocerciasis. At present, interruption of transmission has been achieved in large areas and onchocerciasis no longer constitutes a public health problem there. In these zones, the average number of microfilariae per skin sample is now almost zero. Spraying operations ceased altogether in the year 2002. In marginal areas (re-infestation) and a few well-defined foci there is still considerable transmission. In 1980, resistance to temephos (Abate®) was observed. Shortly afterwards chlorphoxim resistance was demonstrated. The programme therefore used various larvicides (insecticides) alternately to counter resistance formation: organophosphates [temephos (1975), chlorphoxim (1980), pyraclofos (1993)], the biocide Bt H14 (1985), the pyrethroid permethrin (1986) and the carbamate carbosulphan (1989). In 1997, the pseudopyrethroid etofenprox (Vectron®) was used. Bacillus thuringiensis var. israelensis XE "Bacillus thuringiensis var. israelensis: onchocerciasis, prevention"  (serotype H14) is a bacterium that contains toxins with specific larvicidal activity for well-defined Diptera larvae (narrow spectrum insecticide). The bacteria can be cultured simply on a large-scale, killed and afterwards sprayed as powder on the water. The dead entomopathogenic bacteria are eaten by the larvae. There are some technical drawbacks associated with this method. The bacteria rapidly sediment to the bottom, disappear from the larval feeding zone and the toxin is sensitive to UV light.
*

An independent ecological group monitors any side-effects on flora and fauna in the areas concerned. The amount of collateral damage appears in practice to be limited. The insecticides should only be sprayed at a few selected sites since afterwards they are transported with the flow downstream and thus can kill larvae over long distances (each insecticide has a so-called specific carry distance). Water flow rate and depth are used to calculate the doses. There are numerous hydrological monitoring stations which transmit their data electronically to a centre in Toulouse (France), after which the data can be sent back to the field workers. This has the added bonus that hydrobiological knowledge of the West African river systems has increased considerably. The choice of insecticide is determined by several factors: water flow rate, carry distance, cost price of the insecticide including transport costs, and resistance potential. In some areas, dispersion of insecticides from the ground is difficult (enormous areas with large networks of small streams) and in these circumstances small aeroplanes or helicopters may be used.

*

At the same time scientific study of vectors is encouraged. Major findings have emerged from the research programme:
· The phenomenon of simulid migration over long distances with subsequent re-invasion of treated areas was discovered. This indicated that focal vector control was not achievable.

· Development of methods for identifying simulids by cytotaxonomy, isoenzymes, DNA analysis, cuticular hydrocarbon analysis, morphometry. New species have been discovered.

· Development of DNA/PCR methods for Onchocerca identification and their application in epidemiological monitoring. Thus, for instance, many simulids were shown to be infected with the very similar looking parasite Onchocerca ochengi XE "Onchocerca ochengi: onchocerciasis, prevention" . Before this parasite could be identified, it caused confusion in epidemiological monitoring. This has also led to a better knowledge of the epidemiology of O. volvulus in terms of geographical distribution, strains and pathogenic potential.

· A model based on Onchocerca ochengi has been developed for evaluation of macrofilaricides

· Development of improved insecticides, e.g. Bt H14

The onchocerciasis control programme to date is a success. Already 15 million hectares of agricultural land have been made accessible for settlement and cultivation. Approximately 25 million hectares had been rendered onchocerciasis-free around the turn of the 21st century. Larvicidal operations were phased out in 2002. This was followed by epidemiological surveys to ensure the areas remain free of vector species. The OCP is confined to a limited number of endemic countries. It is therefore not the case that onchocerciasis will be eradicated after OCP.

*

Results anno 2003:

The 30-year OCP campaign has successfully ended the blight of river blindness in West Africa. When it began, about 10% of the population in high-impact regions were completely blind and 30% had severe visual disorders. No question, OCP has been a huge success in terms of its achievements in eliminating onchocerciasis as an important public-health problem throughout much of West Africa and by contributing to development in the 11 OCP countries. Moreover, OCP has been a model of effective partnership over a long-standing period. The OCP program has prevented 600,000 cases of blindness, spared 18 million children the risk of onchocerciasis, and largely eliminated the incalculable, centuries-old burden of incessant itching and disfigurement. Disease control has opened vast tracts of the best farmland in the region. Over 25 million hectares have been made safe for cultivation and settlement. By preventing and treating onchocerciasis morbidity, OCP has added roughly 10 million person-years of labour to the economies of 11 countries in West Africa.

4.9.2 APOC

At the beginning of 1996, a new programme (APOC: African Programme for Onchocerciasis Control) was instigated to organise treatment with ivermectin outside the OPC countries. Angola, Burundi, Cameroon, C.A.R., Chad, Congo (Brazzaville), Democratic Republic of Congo (Kin.), Equatorial Guinea, Ethiopia, Gabon, Kenya, Liberia, Malawi, Mozambique, Nigeria, Rwanda, Sudan, Tanzania and Uganda are the 19 countries participating in this project, which will probably take 12 years to complete. Ivermectin is an important microfilaricidal agent. It was tested on a large scale in the onchocerciasis chemotherapy project. In endemic regions, however, the annual free administration (mass therapy) cannot ensure interruption of transmission. This may be achieved by giving the product more frequently. Suitable epidemiological techniques are being developed: REMO (“rapid epidemiological mapping of onchocerciasis”) and REA (“rapid epidemiological assessment”). In respect of the provision of medication, there is close co-operation with the various governments and several NGOs (including the Christoffel Mission for the Blind, Helen Keller International, Carter Centre Global 2000, International Eye Foundation, Organisation pour la Prévention de la Cécité, Sightsavers).

4.9.3 OEPA

The Onchocerciasis Elimination Programme in the Americas (OEPA) was instituted in 1993. It is based on treatment with ivermectin. Six endemic countries are at present involved in the programme, which will run until ± 2008.

5 Loiasis XE "Filariasis: loiasis" 
5.1 Loiasis, introduction
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Loa loa XE "Loa loa: loiasis"  is a nematode that occurs solely in the rainforest area of Central and West Africa. 

Adult Loa loa worms are 3 to 7 cm long and 0.5 mm wide. They live 4 to 17 years. The microfilariae appear 6 to 12 months after infection. They measure 230 to 300 (m by 7 (m. The nuclei are found near the end of the tail. There is a residual egg membrane (sheath), but this cannot always be seen in microscopic preparations. The microfilariae are found in the blood and exhibit periodicity, with the highest density occurring around midday. Transmission occurs via the bite of female Chrysops XE "Chrysops sp.: loiasis"  flies. They are insects with beautiful and often yellowish-gold iridescent eyes when they are alive (chrysos = gold). Chrysops flies belong to the Tabanidae. This genus contains principally insects which suck blood of mammals and which are active during the day. There is no animal reservoir.

*

Note: Horse flies
Horse flies (Haematopota pluvialis XE "Haematopota pluvialis: loiasis, mechanical transmission" ) are insects that are related to Chrysops. They can cause painful bites. These flies should not be confused with Haematobia irritans XE "Haematobia irritans: loiasis, mechanical transmission"  or H. exigua XE "Haematobia exigua: loiasis, mechanical transmission"  (“horn flies”), biting insects that lay their eggs on fresh cow dung. The adult flies spend 98% of their time on cattle. They can also bite humans, as can Stomoxys calcitrans XE "Stomoxys calcitrans: loiasis, mechanical transmission"  (“stable fly”). All these biting flies can be mechanical vectors of a number of pathogens, but do not transmit Loa loa.

5.2 Loiasis, clinical features

Cd_1001_040c.jpg cd_1001_055c.jpg Cd_1022_028c.jpg.

The adult worms migrate through the subcutaneous tissues. This migration or the intermittent discharge of large quantities of microfilariae causes transient local oedema: Calabar swellings (Calabar is a place in Nigeria close to the border with Cameroon). There is also local redness and itching. When the worm passes under the conjunctiva, it can be observed and removed (Loa loa is for this reason known as the eyeworm). N.B.: there is no intra-ocular invasion and there is no risk of blindness. The adult worm migrates through the loose-meshed subconjunctival connective tissue. This migration can thus be observed macroscopically, in contrast to the migration of microfilariae of Onchocerca volvulus. Tiredness, fever and joint pain may be present. The subcutaneous passage of the worms can sometimes be perceived as an itchy and rapidly moving linear swelling. Dead worms can calcify and thus be radiologically visible (e.g. in the hands and wrists). In general, loiasis is accompanied by massive hypereosinophilia.

*

Note: Thelazia 

Loa loa does not occur in Asia. Worms belonging to the genus Thelazia however can be found subconjunctivally in regions of India, Myanmar and China. Certain Dirofilaria species tend to occur in the eyelids / a periorbital location.

5.3 Loiasis, diagnosis

· Serology is aspecific.

· Clinically: Calabar swellings and worm passage across the eye.

· Detection of microfilariae in peripheral blood (during the day) via a thin blood smear, thick smear or preferably via a concentration technique (Knott or nucleopore filter). The sheath is invisible with Giemsa. Its presence can however be observed by a sort of halo around the parasite. In general, the nuclei in Loa loa are more blurred than those of W. bancrofti. At the head end there is a short, small, lighter zone (head spot) which is where the mouth and the front chemosensors (“amphids”) are found. The head spot in Loa loa and in W. bancrofti is as long as it is broad. In Brugia malayi it is 1.5 to 2 times longer than it is broad, while in Brugia timori the spot is as much as three times longer than it is wide. In Onchocerca volvulus the length/width ratio is 2/1. Somewhat more posteriorly in Loa loa microfilariae there is another smaller lighter region (nerve ring). The nerve cells lie in a circle around the central pharynx (which is not visible). More towards the centre of the microfilaria is an excretion pore. This is easily recognised in Loa loa as a markedly lighter protuberance (“hernia”). This characteristic can be used for identification. In a smear stained with Giemsa at a pH of 7.2, a granular mass (“Innenkörper”) can be found in more than 50% of Loa loa microfiliariae between the middle and final third, i.e. between the excretory pore and the anal pore. This is probably a food reserve. A similar granular mass can sometimes also be found in W. bancrofti. Behind the “Innenkörper” lies the largest cell of the parasite, the G1 cell, formerly known as the R1 cell (“G” from “genital primordium” and “R” from “rectal”). The exact role of this cell is not clear. Further still towards the tail is a lighter zone, the anal pore, in the vicinity of which lie three large cells (R2-3-4). Some mechano- and chemosensors (“phasmids”) are also located here. These however are not visible with the usual light microscopic techniques. The tail of Loa loa microfilariae is often folded double and contains a terminal nucleus. There is no similar terminal nucleus in W. bancrofti.
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5.4 Loiasis, treatment

Treatment of loiasis is based on administration of DEC XE "DEC: loiasis, treatment"  for 3 weeks. The dose of DEC should be gradually build up over the course of 4 days, up to 400 mg/day. DEC is both micro- and macrofilaricidal against Loa loa, although often several treatments are necessary. In extremely severe infections, apheresis may be necessary since otherwise there is the risk of meningo-encephalitis. Apheresis however requires complicated and expensive apparatus and specialised personnel. Before starting with DEC, simultaneous onchocerciasis should be excluded in view of the risk of extremely unpleasant Mazzotti reactions in the patient. Mebendazole XE "Mebendazole: loiasis, treatment"  at high doses and for prolonged periods is also active against Loa loa. Albendazole XE "Albendazole: loiasis, treatment"  is effective as well. Ivermectin causes a marked but transient reduction in microfilaraemia. One week after administration, on average 10% of the original microfilaraemia still persist. With high microfilaraemia (>8,000/ml; especially if >50,000/ml) there is an increased chance of neurological complications (headache, confusion, gait disorders, hypertension, incontinence, encephalopathy, coma). Sometimes, the microfilariae can be found in the cerebrospinal fluid. On autopsy, an inflammatory reaction is observed around dying microfilariae in the brain. Removal of the adult worms during their migration beneath the conjunctiva (local anaesthesia with cocaine or tetracaine) is possible. But if this is not done, the worm creeps on spontaneously and leaves the eye. While extracting the worm from the eye, care has to be taken not to rupture the worm, as this leads to a severe inflammatory reaction.

5.5 Loiasis, prevention

DEC 5 mg/kg, 3 days per month can be used as prevention in an endemic region. DEC 300 mg per week (dose for adults) is also effective. Vector control is problematical as the breeding sites are very diffuse and widespread and the insects bite out of doors.

6 Mansonella perstans XE "Filariasis: Mansonella perstans" 
6.1 Mansonella perstans, vector

Mansonella perstans XE "Mansonella perstans: filariasis"  (formerly Dipetalonema perstans XE "Dipetalonema perstans: Mansonella perstans, vector" ) is a nematode transmitted by Culicoides insects. These midges have an aggressive and very annoying biting behaviour, principally at dusk, but also to a lesser extent at night and during the day. Provided they remain moist, the eggs can be laid in small heaps in a variety of different locations: mud, humus, dung or half-rotting plants. Stumps of banana trees are the place of choice for C. milnei XE "Culicoides milnei: Mansonella perstans, vector"  (vector of M. perstans) and C. grahamii XE "Culicoides grahamii: Mansonella perstans, vector"  (vector of M. streptocerca). The insects are small (1.5 mm) and are therefore sometimes referred to as ‘no-see-ums’. The insects have short mouthparts and cannot bite through clothing. For this reason they bite predominantly on hands, arms and head. They often fly in swarms around the face. In view of their large numbers, they can form a very severe plague. Control is difficult.
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6.2 Mansonella perstans, distribution

The infection is widely distributed in Africa but is more localised in Central and South America. M. perstans does not occur in Asia. 

6.3 Mansonella perstans, clinical features

The adult worms live in body cavities (peritoneum, pleura, pericardium) and in perirenal fat. Most patients infected with Mansonella perstans are asymptomatic. A number of different symptoms and allergic reactions are sometimes ascribed to this parasite, but the disease spectrum has not yet been fully established.

6.4 Mansonella perstans, diagnosis

The adult worms are 4 to 8 cm long and very thin. They are only rarely observed, for example during a laparotomy. The microfilariae are small (100-200 (m by 5 (m) and have no sheath. The tail is short and contains nuclei. They are aperiodic. The diagnosis is established by detecting the typical small microfilariae in the peripheral blood. The tail is rounded with nuclei at the extremity. The head spot sometimes has a V-shaped appearance. Serology is of little use. Mansonella perstans frequently occurs together with other filariae. 

*

Mansonella perstans should be distinguished from Microfilaria semiclarum XE "Microfilaria semiclarum: Mansonella perstans, differential diagnosis"  (a parasite of animals which sometimes causes accidental infections in humans). Sometimes confusion is possible if the blood smear is randomly infected during or after preparation with a mould such as Helicospora. This organism, however, is considerably smaller and thinner than a microfilaria.

6.5 Mansonella perstans, treatment

If asymptomatic, no treatment is necessary. If disease is suspected, therapy with mebendazole XE "Mebendazole: Mansonella perstans, treatment"  (Vermox®), best in combination with levamisole XE "Levamisole: Mansonella perstans, treatment"  (Ergamisol®), is indicated. Ivermectin, albendazole and DEC are inactive.

7 Mansonella streptocerca XE "Filariasis: Mansonella streptocerca" 
7.1 Mansonella streptocerca, general
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Streptocercosis is caused by Mansonella streptocerca XE "Mansonella streptocerca: filariasis"  (formerly Dipetalonema streptocerca XE "Dipetalonema streptocerca: Mansonella streptocerca, general" ). This nematode is confined to Central and West Africa. The parasite is transmitted by Culicoides midges. It could be a zoonosis, since morphological identical parasites are found in chimpanzees. The adult worm measures 2 cm by 0.06 mm. Microfilariae are 180 to 240 (m by 2.5 to 5 (m in size. The tail is characteristically coiled (hook) and contains nuclei. Adult worms live in the skin. Live worms cause no lesions, but a local inflammatory reaction occurs when they die, with papules and possibly subsequent fibrosis. There are no eye lesions. Differentiation from onchocerciasis is necessary.

7.2 Mansonella streptocerca, clinical features

Many infected people are asymptomatic. The most frequent symptom is chronic pruritus. The skin is thickened and there are papules. Hypopigmented patches can occur, which must be distinguished from leprosy, endemic treponematosis and onchocerciasis. Lymph nodes can be enlarged.

7.3 Mansonella streptocerca, diagnosis

The microfilariae are found in the skin. Detection is as for onchocerciasis (skin snip, scarification with collection of dermal fluid). In the event of doubt or suspicion of leprosy, a biopsy is useful. DEC causes a Mazzotti reaction as in onchocerciasis.

7.4 Mansonella streptocerca, treatment

DEC XE "DEC: Mansonella streptocerca, treatment"  is micro- and macrofilaricidal for Mansonella streptocerca. Ivermectin XE "Ivermectin: Mansonella streptocerca, treatment"  is highly active against this parasite.

8 Mansonella ozzardi XE "Filariasis: Mansonella ozzardi" 
8.1 Mansonella ozzardi XE "Mansonella ozzardi: filariasis" , general
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This is a nematode that occurs in South America and the Caribbean (Haiti). The adult worms are 3 to 5 cm long by 70 to 150 (m wide and live in the body cavities, mesentery and subperitoneal tissues. The aperiodic microfilariae live in the blood and skin. They have no sheath, measure 200 (m long by 3 to 4 (m wide and have a long thin tail without nuclei. The microfilariae should be distinguished from tose causing onchocerciasis. The vectors are Culicoides and Simulium sp. The parasite also occurs in monkeys.

8.2 Mansonella ozzardi, clinical features and diagnosis

In general, the infection is well tolerated, but there may be symptoms of general malaise, pruritus, joint pain and arthritis. Diagnosis is made by blood examination (thick smear or Knott).

8.3 Mansonella ozzardi, treatment

DEC is not effective. Ivermectin is probably active against the worm.

9 Overview of characteristics of microfilariae XE "Filariasis: overview of characteristics of microfilariae"  

Species
Location
Sheath
Period
Length
Tail nucleus

Loa loa
blood
+
Day
275 (m
+ terminal

W. bancrofti
blood
+
Night (periodic strain)
260 µm
-

Brugia malayi
blood
+
Night (periodic strain)
220 (m
+ isolated

Brugia timori
blood
+
Night
290 (m
+ isolated

M. ozzardi
blood
-
-
200 (m
-

M. perstans
blood
-
-
<200 (m
+ double row

M. streptocerca
skin
-
-
210 (m
+ & hook

O. volvulus
skin
-
-
250 (m
-
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10 Dirofilariasis and other zoonotic filariases XE "Filariasis: dirofilariasis and other zoonotic filariases" 
Occasionally humans can be infected by species of filariae which normally have other vertebrates as the final host. The most well-known belong to the genus Dirofilaria. Dirofilaria immitis XE "Dirofilaria immitis: dirofilariasis and other zoonotic filariases"  is a worm that parasitises dogs and cats (so-called heart-worm). The adult worms are 10-30 cm long and are sometimes found in hundreds in the dog’s right heart chamber and/or pulmonary artery. The microfilariae are found in the dog’s blood and are transmitted via the bite of infected Aedes mosquitoes. Man is an accidental host in which further development of the parasite is not possible. Consequently, there are no microfilariae in humans. The immature worms die in the branches of the human pulmonary artery, which can cause coin lesions in the lung. These are asymptomatic round nodules, 2-3 cm in diameter, which are sometimes found by chance on a chest X-ray. However, as differential diagnosis with a tumour is difficult, the diagnosis is often established on the basis of a lung biopsy. No treatment is necessary. Other Dirofilaria (Nochtiella) species (D. repens XE "Dirofilaria repens: dirofilariasis and other zoonotic filariases" , D. tenuis XE "Dirofilaria tenuis: dirofilariasis and other zoonotic filariases" ) are sometimes found subcutaneously in a nodule in humans. These nodules can migrate, which is clearly different from nodules caused by cysticercosis. Dirofilaria repens causes swelling in the subcutaneous tissues around the eye. Various Culex, Aedes and Anopheles species serve as vectors. The worm develops in the mosquito in the malpighian tubules (“kidney”). Dirofilaria striata XE "Dirofilaria striata: dirofilariasis and other zoonotic filariases"  is a parasite of the New World and can be found in the orbit. Dirofilaria tenuis occurs in the USA and has the racoon (Procyon lotor XE "Procyon lotor: dirofilariasis and other zoonotic filariases" ) as its final host. Here too the parasite seeks out the tissues around the eye. Dirofilaria ursi occurs in Canada and the USA and is transmitted by Simulium sp. Bears form the normal final host. Dirofilaria subdermata XE "Dirofilaria subdermata: dirofilariasis and other zoonotic filariases"  greatly resembles D. ursi XE "Dirofilaria ursi: dirofilariasis and other zoonotic filariases" . Treatment consists of surgical removal. It should be noted that these filariae produce no microfilariae in humans. The diagnosis is usually curative (resection biopsy).

cd_1027_097c.jpg  cd_1093_053c.jpg  cd_1024_094c.jpg

Mansonella rodhaini XE "Mansonella rodhaini: dirofilariasis and other zoonotic filariases"  occurs in Gabon and Mansonella semiclarum XE "Mansonella semiclarum: dirofilariasis and other zoonotic filariases"  occurs in Congo. They can occasionally infect humans. M. rodhaini does produce microfilariae in humans. They can be found in the skin. The method of diagnosis is the same as that for onchocerciasis. Mansonella semiclarum also produces microfilariae in humans and they can be found in the blood. Culicoides sp. are vectors for M. rodhaini. The vector of M. semiclarum is unknown. Meningonema peruzzi XE "Meningonema peruzzi: dirofilariasis and other zoonotic filariases"  occurs in Zimbabwe. The normal host is a monkey (Cercopithecus talapoin XE "Cercopithecus talapoin: dirofilariasis and other zoonotic filariases" ). The microfilariae can be found in the cerebrospinal fluid. Microfilaria bolivarensis XE "Microfilaria bolivarensis: dirofilariasis and other zoonotic filariases"  occurs in Venezuela. The microfilariae are found in the blood. Various Brugia species occur in the New World. B. beaveri XE "Brugia beaveri: dirofilariasis and other zoonotic filariases"  is found in humans in Louisiana, USA. The adult worms are found in lymph nodes. Brugia guyanensis XE "Brugia guyanensis: dirofilariasis and other zoonotic filariases"  is described in Peru, where again the adult worm is found in the lymph nodes. The vectors of the two parasites are unknown. Brugia pahangi XE "Brugia pahangi: dirofilariasis and other zoonotic filariases"  is known in Indonesia and Borneo. There are microfilariae in the blood. The adult worm is found in lymph nodes. Various mosquitoes are vectors. Setaria equina XE "Setaria equina: dirofilariasis and other zoonotic filariases"  occurs in India. The adult worm is found in the peritoneum. Camels, horses and cattle are the normal hosts. Little is yet known about Wuchereria lewisi XE "Wuchereria lewisi: dirofilariasis and other zoonotic filariases" . Microfilariae are sometimes found in human blood (Brazil).

11 Dracunculiasis XE "Filariasis: dracunculiasis" 
11.1 Dracunculiasis, general

Dracunculus medinensis XE "Dracunculus medinensis: dracunculiasis, general" , or guinea worm, is a nematode that is distributed (data for the year 2003) in 12 African countries in the northern hemisphere (not in Guinea, paradoxically!). Dracunculiasis has now become rare except in the Sudan. The last case in Uzbekistan dates from 1931. The last foci in India and Yemen were eradicated in 1996 and 1997, respectively, so that the disease is now only found in Africa.
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11.2 Dracunculiasis, life cycle

The infection is acquired by drinking water in which small (1-2 mm) crustaceans live. These animals (Cyclops sp. XE "Cyclops sp. : dracunculiasis, cycle" ) belong to the copepods [Greek "kope" = oar and "pod" = leg. Various species of these minuscule arthropods actively pursue the moving larvae of D. medinensis and are themselves infected with the parasite. Once Cyclops reaches the human stomach, the vector is digested and the larva released. The larva penetrates the stomach or the intestine and then undergoes maturation in the peritoneum. After 3 months, copulation occurs, the male dies and the female grows further to reach her adult length of 60 to 100 cm (after approximately 1 year). The diameter of the adult worm is approximately 2 mm.

*

The host tolerates the adult parasite well. One year after infection (prepatent period 10-14 months), however, the female causes a blister in the skin. The lesion occurs as a result of toxic secretions from the papillae around the parasite’s mouth. When the blister comes in contact with water, it bursts leaving an ulcer and the female parasite discharges several hundreds of thousands of larvae. These are actively mobile in water and through their floundering movements they attract Cyclops sp., whereupon they are eaten up without dying. One specimen of Cyclops can contain several larvae. After development in the vector (several moults occur), infective larvae are produced. Each time the ulcer comes into contact with water, the female slides out further and releases more larvae, a process that repeats itself over a number of weeks until the whole worm is "used up". The parasite can also be found in monkeys and dogs. The long maturation period of approximately one year is required to coincide with the annual peaks in Cyclops numbers.
**

Note: Cyclops
Cyclops sp. also act as intermediate hosts for sparganosis (larvae of Spirometra tapeworms) and gnathostomiasis. The name "Cyclops" refers to the typical, single central eye at the front of the head of the adult animal, like the one-eyed giant in Greek mythology. The central eye also occurs in the first free-swimming larval basic form of other crustaceans, the so-called nauplius larvae (Nauplius, son of Poseidon, god of the sea, and Amymone, daughter of Danaus)].

11.3 Dracunculiasis, clinical features

Usually, the first sign of infection is a painful blister, usually on the lower legs or feet. The pain is alleviated by contact with cold water. The blister then bursts and the larvae are released. This can be seen as a mechanism for promoting the survival of the parasite as a species because the victim looks for water to relieve the pain. The ulcer in itself is atypical. The adult worm appears slowly over a period of several weeks. An emerging fly larva (myiasis) can initially cause confusion, but close inspection will quickly identify the parasite. Sometimes the first sign is an abscess. The long adult worm can sometimes also be noticed under the skin (DD varices, larva currens and Loa loa). The adult worm can die and is then visible on an X-ray for example as a calcified coiled string. The adult worm dies approximately 3 weeks after its emergence.

*

Inflammation around the worm can cause arthritis in a neighbouring joint. Bacterial superinfection can be very severe (e.g. tetanus). Long-term incapacity for work may follow. Contractures following arthritis and cellulitis can occur. There is no immunity.

11.4 Dracunculiasis, treatment

The best approach is to remove the adult worm in its entirety. The adult worm can be coiled around a stick. To accelerate expulsion, it is best to keep the wound constantly moist, for example with wet compresses. This however requires approximately 14 days. Surgical removal under local anaesthesia has been described. This should produce good and rapid results if the adult worm is removed before an ulcer develops and before an inflammatory reaction around the adult female occurs. Usually however there is an inflammatory reaction around the adult parasite. This makes removal more difficult. Anti-inflammatory drugs, niridazole and metronidazole can reduce the reaction and accelerate expulsion of the worm, although this is controversial and their efficacy is uncertain. Note that these drugs do not kill the adult parasites. Secondary bacterial infection should be treated. Tetanus vaccination should not be omitted.

11.5 Dracunculiasis, prevention
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Prevention is based on three approaches:

· Safe drinking water (protected draw-wells): expensive but usually also long-lasting.

· Healthy drinking water has many other benefits.

· Boiling water is difficult and expensive (firewood).

· Filtration of drinking water can be achieved at village level.

· Health information:

· The infection comes from drinking water.

· People with active wounds and guinea worm should not enter water. In practice this means that for example a drinking water site should be screened off so that direct contact is not possible. 

· Patients with infection should be treated.

· Chemical control of the vector: temephos (Abate®).

· This organophosphate ‘insecticide,’ which is harmless to humans, kills Cyclops the vector, although this crustacean is not an insect. Abate® is applied every 4 weeks during the transmission season to potentially contaminated water sources.

· The parasite can occur in various animals, but the zoonotic potential of D. medinensis is probably low.

*

The WHO in 1986 adopted a resolution to eradicate dracunculiasis. The campaign was started in 1988. In some countries dracunculiasis has disappeared relatively rapidly. It was hoped to be able to achieve eradication by December 1995, but there was some delay (it is now hoped to achieve it in the first decade of the 21st century). All endemic countries are involved and the prospects are very promising. In 1997, 80% of all cases occurred in the Sudan (120,000 cases reported in 1996). In 1996, Kenya had no cases for the first time. In January 1997, Pakistan was officially declared dracunculiasis-free. The programme is based to a large extent on (1) national surveys with identification of contaminated villages and locations, (2) training of village health workers who recognise cases, treat, instruct and report, (3) vector control, (4) good financing.
12 Exercises XE "Filariasis: exercises" 
1. You are in the Congo. A colleague who has already worked in the area for 4 years tells you that, following the numerous blood analyses that he has done, there is no filariasis in the region with the exception of M. perstans. Pruritus -which is often thought to result from scabies- appears to be a common problem in your area. This condition responds little to the usual medication. Your advice?

2. A group of tourists leaves the USA for the first time and takes a 2-week trip through the Angola-Zambia border region. They always cook their food and water. During their trip, however, they have to wade through water. Two weeks later two people develop a painful swelling of the lower legs. A few days later a mobile white spot appears. Can this be an acute guinea worm infection? Give three arguments. What do you think?

3. You are working in Cambodia. There is a lot of blindness as a result of trauma, measles (keratitis) and cataract. Should you also consider performing skin scarification when examining a blind person?

4. You are working in Mozambique. There is a lot of blindness as a result of trauma, measles (keratitis) and cataract. The staple diet is maize with little or no variety. What other causes of blindness might you detect?

5. Cameroon. There are several patients who complain of "filariae" moving subcutaneously. What do you think of this conclusion? Do you do a stool examination?

6. India. An Indian patient presents with a chronically swollen scrotum. A thick smear shows no microfilariae. What now? 

7. In a rural dispensary in Pakistan you are shown a patient who has microfilariae in the blood. These are sheathed so that it is said: "This can only be W. bancrofti." What do you think? Should M. perstans be considered?

8. In Niger a well has been protected with a concrete wall so that water can now only be drawn with a bucket. It is thought that this will reduce the incidence of dracunculiasis, oxyuriasis, ancylostomiasis and bilharziasis. Do you agree?

9. A patient in Gabon tells you that he has passed milky urine for many years. The day before yesterday he suddenly developed pain in the right side of the back, radiating to the genitalia. There was no trauma, there is no fever. What might have happened?

10. A Malinese girl has had pain in the right knee for 2 weeks. The joint is swollen and warm. There is marked fever. You notice a moist wound on the lower leg. There has been no obvious trauma. On the following day she develops convulsions. She can only drink with difficulty. What is happening?

11. Draw an Onchocerca microfilaria on your sheet (scale 1/1, i.e. without enlargement).

12. How can you prove that someone living in an endemic region is not infected with microfilariae?

13. Borneo. A 15-year-old boy is brought to you with pitting oedema of the lower legs. Protein determination in the blood shows severe hypo-albuminaemia. There is no malnutrition. Can chyluria be a cause? How do you test for this in your hospital? If the test is positive, what do you propose to do?

14. Papua New Guinea. A patient with severe asthma responds less than usual to her aerosol with beta-2-mimetics. Acute bronchitis is diagnosed and ampicillin started. The dyspnoea increases and steroids are added. Over the course of time the patient improves, only to relapse during the following weeks. The attacks become more severe. You advise her once again to stop smoking. Tuberculosis examination is negative. She develops numerous black and red stripes on the skin and is confused. There is no improvement with an oxygen mask. The sputum contains many Charcot-Leydig crystals, but no Paragonimus eggs. What else might you look for in the sputum? Other possibilities?

15. Onchocerciasis control:

· Benin. You are working in the north-east. Despite may years of uninterrupted vector control effected via the OCP programme, onchocerciasis still occurs frequently. Might the persistence of this focus be associated with the seasonal dry “harmattan” wind (cf. North-East trade wind) transporting infected flies from Nigeria?

· Ghana, area of the Black Volta. What effect might the numerous migrants from an infected region have on the prevalence of the condition and the ultimate success of control? 

· Ghana, White Volta. What do you expect from the effect of the inaccessibility of the region during the long heavy rainy season?

· Burkina Faso, Dienkoa. What do you think of the stoppage of vector control operations in this focus? 









































































