Ectoparasites

1 Fleas XE "Ectoparasites: fleas" 
1.1 Fleas, general
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Fleas are cosmopolitan, wingless insects. They are obligate blood-sucking ectoparasites. They are not strictly adapted to a specific host and on occasions can bite unusual hosts, including humans. Although feeding on less than ideal hosts keeps the fleas alive, it reduces their fertility. The most important jumping fleas are Pulex irritans XE "Pulex irritans: ectoparasites, fleas"  (the human flea), Ctenocephalides species (cat and dog fleas), Xenopsylla cheopis XE "Xenopsylla cheopis: ectoparasites, fleas"  (Oriental rat flea) and Tunga penetrans (sand flea). In their identification, the presence or absence of a so-called comb on the underside of the head and on the pronotum (first part of the thorax) is important. A comb (ctenidium) is a group of stiff, thick hairs or setae. In addition, in some species a transverse bar is found in the mesosternum (also used in identification). 

*

Adult fleas live 6-12 and sometimes even 24 months. Fertilised adult females lay 3-18 eggs per day. After 2-14 days, depending on moisture and temperature, the eggs hatch to give very active legless larvae. Under favourable conditions, the larvae will pupate and emerge as adult insects. The cocoon is spun from sticky silk, so that a wide variety of substances become attached and provide camouflage. These pupae are therefore very difficult to detect. The pupa stage usually lasts 1 to 2 weeks. Sometimes the adult insect remains in the cocoon for a long time (up to 1 year). Emergence from the cocoon is environmentally triggered (e.g. by proximity of a host: CO2, heat, vibration). This explains why people who move into a house that has been empty for a long time can suddenly suffer numerous flea bites. Adult insects can remain alive for several weeks to months without feeding if the climate is not too harsh. Optimal for their survival is high moisture and at temperatures around 20(-30(C. Fleas leave dead hosts and this behaviour is important in the transmission and epidemiology of plague. Body temperature (37(C) inhibits the hatching of eggs and larval development. Reproduction occurs away from the host, on the ground, in cracks, in an animal nest, etc....

*

Fleas can jump 20 cm in height and 30 cm in distance. Bites are associated with the injection of saliva and cause a local pruritic skin irritation, principally on the legs. At night bites can occur over the whole body while people are lying down. More important is the fact that those insects may be infected with the bacteria causing plague or endemic typhus (Rickettsia mooseri XE "Rickettsia mooseri: ectoparasites, fleas"  = R. typh XE "Rickettsia typhi: ectoparasites, fleas" i; R. felis XE "Rickettsia felis: ectoparasites, fleas" ). Other organisms can occasionally be transmitted. Various sorts of minor tapeworms (Dipylidium caninum, Hymenolepis diminuta and possibly H. nana) can also be transmitted by fleas.

*

Simple hygiene is often sufficient to keep a house free of fleas. Insecticide resistance is increasing, including resistance to DDT. Organophosphates, carbamates and pyrethroids are used. Pets can be washed with a shampoo with e.g. malathion or can wear a flea collar, i.e. a collar impregnated with dichlorvos. The latter provides a prolonged local vapour effect in the animal’s fur. It should however be noted that most fleas are not present on the host, but in the bedding, on the ground, etc. For a cat with 25 fleas in its fur, there are some 500 adult insects, 500 cocoons, 3000 larvae and 1000 eggs present on the ground. Flea control should therefore also be directed towards the whole environment, not just the animal. Cocoons are relatively resistant to insecticides.

1.2 Fleas, tungiasis

Tungiasis is a superficial infection of the skin by the sand flea Tunga penetrans XE "Tunga penetrans: ectoparasites, fleas"  (jigger flea; do not confuse with chigger, which are trombiculid mites). The sand flea was probably imported from Latin America into Senegal in the 17th century. Its extensive dispersion, however, dates from 1873 when sand fleas arrived in Angola in the sand of an English sailing vessel, the "Thomas Mitchell". Two years later sand fleas had already penetrated 100 km inland. The fleas reached Tanzania during the travels of Henry Morton Stanley (cf. “Dr. Livingstone, I presume”, 10 November 1871). In 1899 they reached Madagascar with the Senegalese troops of the French army. The whole of Africa is now infested and sand fleas are found in Pakistan and along the coasts of the Indian Ocean.

*

With a length of less than 1 mm, it is the smallest known flea species. Both sexes live on sandy ground and bite birds and mammals, particularly pigs. Newly hatched insects are very active and the larvae jump around on the ground. When the adult stage is reached after moulting, copulation occurs. The male dies after mating. The insects are a poor jumpers. The fertilised female bores into the epidermis and penetrates deep into the stratum corneum. The soles of the feet, the interdigital spaces and the skin under the nails are particularly affected. Any other part of the body that comes into contact with the ground can be infected (buttocks in beggars, children and lepers). The insect bores mechanically into the stratum corneum with the head innermost and bites onto the dermal papillae. The abdomen of the female swells as a result of the maturation of the approximately 200 eggs. After ten days the flea on average measures 1 cm in diameter. The hindmost abdominal segments are not distended and protrude out as a black central spot, through which excreta and eggs are released to the outside. After the eggs have been expelled the flea dies. The hole fills with fibrin and pus and is gradually re-epidermalised. After 3-4 days larvae emerge on the ground and pupate after approximately a week. The complete cycle takes 2-3 weeks.

*
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There is local pruritus and vague pain. In the beginning only a central black dot is visible. Later the lesion is raised, semi-transparent with a central dark spot and an erythematous halo. The number of parasites usually remains limited. However, severe infestations with hundreds of sand fleas are found for example in leprosy patients, cachectic patients, alcoholics, in cases of advanced sleeping disease, in mental diseased and handicapped people or in confined communities.

*

T. penetrans releases proteolytic enzymes during penetration of the skin, causing an inflammatory response. Wolbachia species have been identified in the ovaries of Tunga penetrans. As antigens of these bacterial endosymbionts have been associated with a pathological immune respons in some filarial diseases, part of the intens immune respons in tungiasis might be evoked by Wolbachia antigens being released from decaying fleas. Superinfection occurs during or after the primary infection, but particularly as a consequence of clumsy manipulation to remove the flea, as a result of which it breaks and parts of it remain deeply lodged. Lymphangitis can result, as well as septicaemia and gas gangrene with a fatal outcome. Tetanus is a feared complication.

*

For treatment, the central opening in the stratum corneum is widened with a clean metal needle. The flea is removed and the remaining hole is disinfected. Prevention consists of wearing well fitting shoes instead of walking bare-foot or with wide open sandals. Socks that are left lying on the floor are to be avoided. Regular cleaning of floors using lots of water is strongly advised, together with removal of pigs from the vicinity of houses. Affected areas of soil may be burned off. Ointment with cresol or lysol protects the feet.

2 Lice XE "Ectoparasites: lice" 

 XE "Ectoparasites: lice" 
2.1 Lice, general

Lice (sing. louse) have parasitised humans since ancient times. They have been found on Egyptian and pre-Columbian mummies and even on bodies dug up in Pompei. The Order of lice (Phthiraptera) is divided taxonomically into sucking lice (Anoplura) and chewing lice (Mallophaga), but there are alternative taxonomic classifications. Anoplura only parasitise mammals. Only three species of Anoplura are of regular direct medical importance to humans. These wingless insects are cosmopolitan, obligate haematophages and strictly adapted to their host (there is no animal reservoir). Polyplax spinulosa (Anoplura) is the sucking louse of rats and acts as an occasional vector of murine typhus. Only a single species of Mallophaga (Trichodectes canis) is known to have medical significance. T. canis is the chewing louse of dogs and acts as one of the larval hosts of the dog tapeworm Dipylidium caninum. This insect cannot live on man.

2.2 Lice, pubic lice
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Pubic lice (Pthirus pubis XE "Phthirus pubis: ectoparasites, lice" ) do not themselves transmit disease. [The name Phthirus pubis is also used, but in 1987 the International Commission on Zoological Nomenclature decided to keep the original spelling of Pthirus pubis]. They occur on areas of the body with coarse hair (pubic region, peri-anally, sometimes also on legs, eyelashes, moustache, beard and even armpits and chest). Sometimes they are present on the scalp, including in neonates. Sexual contact is the main method of transmission, but not the only one (e.g. shared clothing). Any transmission involves bodily contact. They cannot live for more than 24-48 hours away from the host.

2.3 Lice, body and head lice
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Body and head lice (Pediculus humanus corporis XE "Pediculus humanus corporis: ectoparasites, lice" 

 XE "Pediculus humanus capitis: ectoparasites, lice"  and P. h. capitis) are two very closely related species (morphologically almost identical), but which occupy different ecological niches. The body louse P. humanus corporis lives in clothing and only comes onto the body to suck blood for a short time. The head louse P. h. capitis by contrast lives on the scalp and never on the clothing. Mutual fertilisation is possible in the laboratory, but in nature this appears not to occur and they are considered to be different species. The most reliable morphological distinction between the two species is the tibial length of the middle (second) leg. The tibial length averages 0,3 mm in P.h. capitis and 0,4 mm in the larger P. h. corporis. They have a small head with articulated antennae and a compact thorax. The long abdomen totals 7 segments. There are lateral paratergal plates. The cuticle may be coloured and will then reflect the skin colour of the host.  

*

Pediculus humanus corporis 

Fertilised females lay 6-9 eggs per day during their life. They live usually for 1 month, maximum 2. The animals are very sensitive to cold. The females attach the sticky eggs to underwear, shirt and trousers. Eggs on clothing cannot survive for more than 4 weeks (usually only 2 weeks). The eggs hatch after 6-9 days. Once hatched, the larvae suck blood five times a day, rapidly returning to the clothing after each meal. They molt three times, after 3, 5 and 10 days, which means they are adult in 18 days. After the last moult, they live on average another 20 days. Lice avoid light. Once adult, the animals will mate repeatedly. The reason for this is that females have no spermatheca and frequent mating is therefore crucial to build up a population. All in all this means that in optimal circumstances natural populations can increase by 10% per day. This is important in order to understand the dynamics of infections such as epidemic typhus and recurrent fever. Digestion of the blood is rapid. The red blood cells lyse. R. prowazekii infects the cells lining the intestine. The intracellular proliferation of R. prowazekii causes the insect’s intestine to burst, spreading its contents into the haemolymph. The haemolymph will be stained red. The red colouration can be used in the laboratory to investigate whether a louse is infected with R. prowazekii XE "Rickettsia prowazekii: ectoparasites, lice" . The louse dies from the infection with R. prowazekii and this fact was used previously to investigate which antibiotics were active against this bacterium. The antibiotic that enabled the louse to survive was then studied further. Lice are very sensitive to desiccation so that in dry environments they will not prosper. Lice faeces are very dry and powder-like, with a water content of only 2%. The faeces contain a large amount of ammonium, which has an attracting effect on other lice. 

*

P. humanus corporis can transmit Rickettsia prowazekii (epidemic typhus), Bartonella quintana XE "Bartonella quintana: ectoparasites, lice"  (endocarditis, trench fever) and Borrelia recurrentis XE "Borrelia recurrentis: ectoparasites, lice"  (epidemic recurrent fever). R. prowazekii is fatal for the insect after a few days. It is important for transmission and explains why people with louse borne typhus often have remarkably few lice. Borrelia recurrentis proliferates only in the haemocoel of the insect and is transmitted by crushing an infected louse. This explains why “outbreaks” of louse borreliosis are rare unless there are massive numbers of lice. B. quintana can survive for up to a year in lice faeces. 

*

P. humanus capitis. In the case of head lice, 2 to 12 % of the eggs produce no larvae. The eggs, also known as nits, are first deposited very close (approximately 1 mm) to the base of the hair and are firmly attached. After 7 to 10 days the lid or operculum of the egg opens and a minuscule, almost transparent larva emerges. Given that a hair on the scalp grows about 0.4 mm per day, it follows that virtually all nits found more than 5 mm from the base of the hair are either dead or empty (in practice a figure of 7 mm is taken). The egg shells of the nits are not removed by insecticides. Their presence after therapy sometimes causes anxiety and give rise to the mistaken belief that the insects are resistant. 

*

Larvae and adults suck blood. The irritation from the bites can lead to chronic itching and scratching, possibly with secondary infection (e.g. impetigo) as a consequence. The insects are very dependent on their host. Even fed adult lice cannot survive for more than a few days (maximum 10) without another feed. They leave a dead person or someone with high fever fairly rapidly. 

*

Infestation with lice is treated with insecticides, but head lice are becoming more and more resistant. Lindane [= gamma-benzene hexachloride, Quellada®, Lencid®, Paracid®] is nowadays relatively ineffective. Its use was phased out because of toxicity concerns. It is better to use an organophosphate such as malathion [Prioderm®, Radical®] or a pyrethroid such as 1% permethrin [Nix®], best in combination with 4% piperonyl butoxide (ParaShampoo®, Pyriderm®). The contact time should be sufficiently long: at least 10’ for permethrin and 12 hours for malathion. In some countries phenothrin, another pyrethroid, is used. In other countries carbamates such as carbaryl are used (the name of this chemical group of insecticides is derived from “carbamic acid”, an unstable-substance with the formula NH2-COOH). Lotions are better than shampoos as they have a longer contact time with the hair. For asthmatic patients, aqueous solutions are less irritant than alcoholic. If an alcoholic solution is used, it is best to allow the hair to dry naturally. Mechanical measures are rarely necessary, such as cutting the hair short. The wet comb method involves washing the hair thoroughly with a neutral shampoo, then applying hair conditioner to make the hair as smooth as possible. A fine louse comb is then used to go through the hair, as near to the scalp as possible, from back to front. After each stroke, the comb is wiped carefully. Subsequently apply conditioner again and comb the hair from front to back. Oral ivermectin (Mectizan®, Stromectol®) can be used in multiresistant lice.

*

The insects on clothing are destroyed by heat. Clothing is washed at 70(C, steam ironed or sterilised. In emergency situations (epidemic), insecticides are sprinkled (e.g. mixed with talc) between skin and clothing.

3 Mites XE "Ectoparasites: mites" 
3.1 Mites, general

Mites are related to ticks, scorpions and spiders. In contrast to insects, they do not have antennae and their body is divided into two rather than three parts. Larvae have 6 legs and adult animals 8 legs. Mites tend to be much smaller than ticks. The animals occupy the most diverse ecological niches, from Varroa mites which are found in the respiratory tract of honey bees to Demodex mites which colonise the sebaceous glands of human eyelashes.

*

Some mite larvae belonging to the genus Leptotrombidium transmit Orientia (Rickettsia) tsutsugamushi XE "Orientia (Rickettsia) tsutsugamushi: ectoparasites, mites"  (scrub typhus) in Southeast Asia. Adult mites are of no direct medical importance as they feed exclusively on small invertebrates and insect eggs. A female lays 1-5 eggs per day on moist ground. After the larvae appear, they begin to crawl around actively on the ground, grasses, low plants, etc. Larvae attach themselves to a host when it passes through the vegetation and seek out a piece of skin that is soft, smooth and not too thick (peri-anal, groin, ankles). The very small larvae (150-300 (m) inject saliva and suck up the digested tissues. After 2-10 days the mites fall to the ground and dig themselves in for further development. The ecological habitat of these parasites is strictly defined. Optimal moisture of the soil, the right vegetation and sufficient hosts for the nymphs and adults (arthropods of various kinds), as well as the larvae (mostly rats and mice) need to be present, etc. This results in a very scattered distribution and the existence of mite islands. These are areas where intense transmission of scrub typhus occurs, whereas no infections occur in places only a few kilometres away for instance. Although the potential zoonotic reservoir is not yet completely established, it is important to know that Leptotrombidium mites themselves serve as a reservoir for Orientia tsutsugamushi (transovarial transmission). Transmission of this kind can persist for several successive arthropod generations.

3.2 Mites, house dust mite

The house dust mite (Dermatophagoides pteronyssinus XE "Dermatophagoides pteronyssinus: ectoparasites, mites" ) lives predominantly from skin scales and microscopic fungi. It is a very small mite with a life cycle of 3 weeks. Dead mites and mite faeces (D. pteronyssinus and D. farinae XE "Dermatophagoides farinae: ectoparasites, mites" ) are a major cause of allergic problems such as asthma, allergic rhinitis and conjunctivitis. These problems appear in people with a hereditary predisposition to the development of hypersensitivity mediated by IgE antibodies against allergens that are harmless in non-atopic subjects. The dust-free maintenance of rooms (removal of collections of dust and dusting with a damp cloth once a week; mattresses in synthetic material) considerably reduces the population of mites. Dust mites on the scalp can be reduced by controlling dandruff (for instance with topical ketoconazole [Nizoral® shampoo]). Desensitisation can be carried out in more affluent countries. 

3.3 Mites, scabies
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Scabies is caused by Sarcoptes scabiei XE "Sarcoptes scabiei: ectoparasites, mites" . Morphologically similar mites are found on various animals (in dogs Sarcoptes scabiei var. canis XE "Sarcoptes scabiei var. canis: ectoparasites, mites" ) but do not permanently infect humans. Cat scabies is caused by Notoedres cati XE "Notoedres cati: ectoparasites, mites" . “Milker’s itch” is caused by Sarcoptes bovis XE "Sarcoptes bovis: ectoparasites, mites" . Sarcoptes equi XE "Sarcoptes equi: ectoparasites, mites"  occurs in horses and riders can suffer an itchy skin disorder from these mites. Scabies mites do not transmit any pathogenic organisms. Adult female Sarcoptes scabiei mites measure 400-600 (m, while the smaller males are slightly more than half this size. The cycle from egg to egg lasts 10 to 14 days. 

*

Human-to-human transmission occurs directly or indirectly when hygiene is poor. The majority of mites are found on the wrists and fingers, with smaller numbers on elbows and elsewhere. The face is practically always spared. The mean number of female mites per infected person is 11, most having 1-15 mites. Only 3% have 50 mites or more. The mites dig burrows in the stratum corneum of the skin (1-5 mm per day). These tunnels are clinically very different from larva cutanea migrans. A female lays 1-3 eggs per day in her tunnel. Larvae appear after 3-5 days. These crawl on the skin surface and many die there. Some burrow back into the horny layer and others find a hair follicle where they moult to form a nymph, which remains in situ if it is female. After becoming an adult and fertilisation by a passing male, the cycle can begin again. Female mites live on a person for 1-2 months. Scabies causes pruritus, particularly at night. A definitive diagnosis is not straightforward as the characteristic skin tunnels usually only become visible after secondary infection or eczematous reaction. Scabies is described as a cause of acute glomerulonephritis as a result of superinfection of the lesions by β-haemolytic streptococci (Streptococcus pyogenes). There is however doubt about this.

*

Scabies provokes a papular, pruritic skin rash. There will be itching at sites where the mites themselves are found (e.g. between the fingers, wrists, elbows, genitalia). The rash is also seen on parts of the body that are not infested by scabies mites. Buttocks, groin, shoulders, arms, calves and ankles can become itchy. In classic scabies, the rash almost never occurs on the head, palms of the hands nor soles of the feet. The rash is caused because the patient has become hypersensitive to mite allergens. In a patient who has never been exposed to scabies, the rash usually occurs 4-6 weeks after infection. In previously exposed people, it occurs much more rapidly, sometimes within just a few days. Despite effective treatment, symptoms and lesions of scabies can persist for weeks (e.g. scabies nodules on the scrotum and penis). Hypersensitivity to the scabies mite does not disappear immediately after the death of the parasite. 

*

Sometimes Norwegian scabies occurs (“crusted scabies”). This condition is clinically totally different from classic scabies. A clinical description was first given in 1848 by Danielssen and Boeck in Norwegian leprosy patients. The condition occurs more frequently in immunosuppression e.g. AIDS and in infection with HTLV-1 than in the general population. Drug-induced immunosuppression, long-term topical steroid use and to a lesser extent a mental handicap such as Down’s syndrome increase the risk. In Norwegian scabies there are very numerous mites present in desquamating hyperkeratotic skin crusts. The latter can also occur on the face. The disorder is highly infectious. Sometimes tinea pedis (a fungal infection), psoriasis, severe dyshidrosis, hyperkeratotic eczema, contact dermatitis or Darier’s disease (keratosis follicularis; autosomal dominant inheritance) resemble it. In case of doubt, it is sufficient to examine some skin scales after treatment with 10% KOH under a low magnification microscope.

*

Scabies mites as yet exhibit no resistance to lindane or benzyl benzoate. For treatment, 20-30% benzyl benzoate is used, with which the whole body (except the face) is rubbed twice after washing with soap for 3 days. Lindane lotion (Quellada® = gamma-benzene hexachloride) can also be used but its use has been phased out because of toxicity concerns. This should be repeated after 7 days as the eggs are not killed by only one application. Pyrethroids are effective (e.g. 5% permethrin (Zalvor®). Malathion is best used as a lotion not as shampoo. Crotamiton (Eurax®) is also sometimes used, but is less effective. Oral ivermectin (Mectizan®) also produces relatively good results, but should preferably be repeated after a few weeks. It is the first choice in Norwegian scabies. Linen and bedclothes are disinfected at the same time by water at >60(C. Washing bedclothes and clothing and ironing them with a steam iron during this period will also help break the cycle of transmission. Without access to a body the mites survive less than 4 days.

3.4 Mites, hair follicle and sebaceous gland mites. 

Demodex folliculorum XE "Demodex folliculorum: ectoparasites, mites"  and Demodex brevis XE "Demodex brevis: ectoparasites, mites"  mites are very small and live in hair follicles and sebaceous glands respectively. Infections are practically almost always asymptomatic, although blepharitis can occur. However, little is as yet known about these animals. Treatment with oral ivermectin seems logical in case of symptomatic infection, but more study is needed.

3.5 Mites, grain mites

Other problems caused by miscellaneous mites are allergic itchy skin reactions to the presence of mites (Tyrophagus sp XE "Tyrophagus sp: ectoparasites, mites" , Pyemotes sp. XE "Pyemotes triciti: ectoparasites, mites" ) found in all sorts of animal or plant products. Some of them cause occupational diseases. This should be distinguished from phytodermatitis. A totally different problem is raised if eggs or mites that live in food are found in the faeces. These eggs were in the host’s original meal and are of no importance but can cause confusion to the clinician who is not aware of the problem. The chitin of the animal's cuticle and eggwall cannot be digested by humans. Pyemotes mites are ectoparasites of numerous insect species. These predatory mites are beneficial in that they eat the larvae of harmful insects. Human infestation is always accidental and temporary. The mites live predominantly in grain and straw. Pyemotes tritici and P. ventriculosus XE "Pyemotes ventriculosus: ectoparasites, mites"  cause an intensely pruritic urticarial wheal on which small vesicles form, although these are not usually found because of the scratching. Pyemotes dermatitis occurs predominantly on the back, abdomen and flexor sides of the forearms. The mites are barely visible to the naked eye, remain only a short time on humans and consequently are not found on clinical examination. When the itching begins, the mites have already moved on. They can be controlled with methyl bromide (fumigation of grain), but the use of this chemical is being phased out.

*

Scabies-like skin lesions caused by Tarsonemus mites rarely occur. These mites normally eat fungi. The diagnosis is established by microscopy of skin scales. Treatment is based on topical permethrin. Allergy to Euroglyphus maynei XE "Euroglyphus maynei: ectoparasites, mites"  also occurs.

3.6 Mites, Cheyletiella mites

Many mammals have infestations of Cheyletiella mites, such as dogs (C. yasguri XE "Cheyletiella yasguri: ectoparasites, mites" ), cats (C. blakei XE "Cheyletiella blakei: ectoparasites, mites" ) and rabbits (C. parasitovorax XE "Cheyletiella parasitovorax: ectoparasites, mites" , C. furmani XE "Cheyletiella furmani: ectoparasites, mites" ). The mites are somewhat larger than Sarcoptes and on close examination can be seen with the naked eye. Young animals exhibit few if any symptoms, but in humans the mites cause a pruritic dermatosis. Pets must be treated.
3.7 Mites, bird mites.

Birds can be parasitised by various mites such as Dermanyssus gallinae XE "Dermanyssus gallinae: ectoparasites, mites" , D. hirundinis XE "Dermanyssus hirundinis: ectoparasites, mites" , Ornithonyssus sylviarum XE "Ornithonyssus sylviarum: ectoparasites, mites"  and others. Dermanyssus gallinae is a frequent ectoparasite of birds. This parasite is known as the red chicken mite and is a serious poultry pest. The related mite Ornithonyssus bacoti XE "Ornithonyssus bacoti: ectoparasites, mites"  is a tropical rat mite responsible for the transmission of Litomosoides sigmodontis XE "Litomosoides sigmodontis: ectoparasites, mites" , a worm used as a source of antigen for filaria serology. Whenever there is a bird’s nest close to a house (under the eaves or loose tiles, balcony, loft, house birds such as canaries, aviary, etc.), they can enter a home and suck blood at night. This happens if their natural host is absent (young birds flying off, old nests). The bloodsucking causes a violent nocturnal pruritus and papular erythema, known as bird mite dermatitis or gamasidosis. This last name refers to the Gamasida (syn. suborder Mesostigmata), to which these mites belong. The small mites are sometimes found on the mattress. Diagnosis is based on identification of the mites. As the mites can live for several months without a blood meal, the house must be treated with insecticides. After fumigation, local birds’ nests should be removed and bird netting applied. As the mites only live for a short time on birds, pet birds do not need to be removed or even treated.
3.8 Mites, harvest mites

Mite larvae of the species Neotrombicula autumnalis XE "Neotrombicula autumnalis: ectoparasites, mites"  cause autumnal erythema (trombiculiasis or trombidiosis). This occurs in people who visit meadows or woods during the summer or autumn. The mites don’t carry pathogenic organisms, but cause a short-lasting pruritic dermatitis. The itching is most pronounced in areas where clothing is tight-fitting. The animal itself, 200 m in length, is orange-red and clings to blades of grass, mostly in areas with a clay or loess soil. They are rarely found on humans because they are scratched off. For prevention, it is recommended that the grass should be kept short in gardens in these areas. The application of DEET-containing repellents can have a limited preventive effect. Species belonging to the genera Trombicula, Eutrombicula, Leptotrombidium and Ascoschoengastia are found in other ecological habitats. In Southeast Asia and India, the larvae of Leptotrombidium mites transmit scrub typhus (infection with a Rickettsia-like bacterium: Orientia tsutsugamushi). 
4 Ticks XE "Ectoparasites: ticks" 
4.1 Ticks, general

Ticks are small animals related to mites, scorpions and spiders. Ticks are also known as Metastigmata. They derive this name from the large caudal respiratory openings in the post-larval stage. This opening or stigma is located behind the 4th legs in hard ticks, just in front of the 4th legs in argasids. Ticks differ from insects. Their bodies are divided into two parts rather than three. Ticks do not have antennae nor wings. The adults have eight legs instead of six. Ticks have 6 legs in the larval stage (nymphs and adult ticks gain a pair of hind legs). Nymphs have no genital opening. The body of a tick consists of a front section (gnathostoma, capitulum) containing the mouthparts (palps, hypostome and chelicerae) and a leg-bearing hindbody (idiosoma). Some tick species have eyes on this hindbody. On the front legs are found Haller’s sensory organs. These structures contain chemoreceptors and are used for scanning the environment. Ticks that have climbed onto grass or other plants become aware of their potential host by vibration, warmth, CO2, moisture and smell (all mammals secrete butyric acid). They remain attached to feathers, fur, skin or clothing, after which they seek a suitable place to suck blood.

*

The animals undergo several metamorphoses during their life cycle from egg to larva to nymph to adult form. This cycle lasts a few months to several years, depending on climate and temperature. Ticks can survive for long periods without feeding. Some tropical species are rather resistant to desiccation at each stage in their life cycle. Larvae and nymphs are usually small and difficult to detect. 

*

There are two types of life cycles. In some species of tick, the larva, nymph and adult remain on the same, individual host, not dropping to the ground between stages. In others, the different stages feed on 2 or 3 different individuals. The host can be identified by the origin of the blood in the tick’s stomach, e.g. by PCR analysis. Ticks with a host change are usually better vectors for pathogenic organisms. 

*

There are approximately 840 different species of ticks which are classified into 2 families: 

· Argasidae: argasids or soft ticks, with a tough, leathery skin and a concealed ventrally projecting capitulum (± 170 species). There is no scutum in adult animals. A scutum is a dorsal shield.

· Ixodidae: ixodids or hard ticks have a rigid scutum and a capitulum with mouthparts projecting forwards (± 670 species). This capitulum is visible when viewed from dorsal.

*

Suborders of Acari:

· Ixodida (Metastigmata) = ticks

· Gamasida (Mesostigmata)

· Acaridida (Astigmata)

· Actinedida (Prostigmata)

*

Overview of genera

· Argasidae: Argas, Ornithodoros, Otobius
· Ixodidae: Amblyomma, Aponomma, Boophilus, Cosmiomma, Dermacentor, Haemaphysalis, Hyalomma, Ixodes, Margaropus, Rhipicentor, Rhipicephalus
*

Mouth parts

Ticks are always obligate blood suckers, in contrast to mites which occupy much more varied ecological niches. All ticks need blood to complete each stage of their development. Their hypostome is equipped with barbs to keep them anchored in place and thus permit them to suck blood for several days in case of hard ticks. 

4.2 Ticks as vectors

Ticks can be important vectors of various infectious organisms for humans (including protozoa such as babesias; viruses such as Crimean-Congo haemorrhagic fever or FSME and bacteria such as Borrelia, Rickettsia, Ehrlichia). Ticks can also transmit diseases in animals: Q fever (Coxiella burnetii), theileriosis (Theileria sp.), cowdriosis (heartwater, Cowdria sp.), dermatophilosis (Dermatophilus congolensis, a bacterium), anaplasmosis, babesiosis, sweating sickness (toxin of H. truncatum) and a number of others. The micro-organisms, ticks and their usual natural hosts have developed together over the course of thousands of years with mutual adaptation as a result. As a general rule, the microbes cause little or no damage to the tick and usually persist for the whole of the vector's life. There is often transstadial transmission (from larva to nymph to adult) and sometimes transovarian transmission (from tick to eggs, so the following generation is born infected). The micro-organisms usually have little effect on the natural vertebrate hosts. Many of these warm-blooded animals act as a lifelong reservoir and as an amplifier for both pathogens and ticks. Poorly adapted hosts, however, such as humans, often develop diseases following accidental infection with a pathogenic micro-organism. The term "adaptation" can be open to misinterpretation. It is not the case that the long-term persistence of a pathogen in a specific population automatically entails the reduced virulence of this organism.

4.3 Ticks, Argasidae
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Argasids take short (a few minutes) but repeated feeds. They have several nymph stages. Their habitat is much more limited than that of the ixodids. They live in nests and houses, in cracks and holes, in close vicinity of their hosts. They feed primarily at night. Adult females lay approximately 200 eggs after each blood meal. Excess water in the blood meal is eliminated partly in the saliva and partly as coxal fluid (e.g. in Ornithodoros moubata XE "Ornithodoros moubata: ectoparasites, ticks" ). This coxal fluid is secreted by specialised glands between the first and second pairs of legs in the soft tick. Borrelia dutton XE "Borrelia duttoni: ectoparasites, ticks" i can be found in this fluid. When this fluid is rubbed into the bite wound, an infection can follow. Argasids can cause persistent pruritus at the site of the bite. Some will suck blood from humans if their natural host disappears (e.g. Argas vespertilionis XE "Argas vespertilionis: ectoparasites, ticks" , a bat tick). Argas reflexus XE "Argas reflexus: ectoparasites, ticks"  is a tick which came originally from Middle Eastern countries, from where it spread throughout Europe and large parts of Asia via the domesticated pigeon, the host for this animal. Other hosts are hens and ducks. The adults can survive for months to years without a blood meal. Humans can be bitten when visiting an abandoned dovecote. The bite is often painful and the skin will swell and redden.

4.4 Ticks, Ixodidae

Hard ticks (Ixodidae) are dispersed world-wide. There are 13 genera, of which Ixodes, Dermacentor, Rhipicephalus, Haemaphysalis, Hyalomma and Amblyomma are the most well-known. Some ticks are so frequent that they have acquired a local name: Dermacentor variabilis XE "Dermacentor variabilis: ectoparasites, ticks"  ("American dog tick"), Dermacentor andersoni XE "Dermacentor andersoni: ectoparasites, ticks"  ("Rocky Mountain wood tick"), Rhipicephalus sanguineus XE "Rhipicephalus sanguineus: ectoparasites, ticks"  ("brown dog tick" or “kennel tick”), Rhipicephalus appendiculatus XE "Rhipicephalus appendiculatus: ectoparasites, ticks"  ("brown ear tick"), Rhipicephalus evertsi XE "Rhipicephalus evertsi: ectoparasites, ticks"  ("red-legged tick"), Boophilus decoloratus XE "Boophilus decoloratus: ectoparasites, ticks"  ("blue tick"), Ixodes ricinus XE "Ixodes ricinus: ectoparasites, ticks"  ("European sheep tick" or "castor bean tick"), Ixodes persulcatus XE "Ixodes persulcatus: ectoparasites, ticks"  ("taiga tick"), Amblyomma americanum XE "Amblyomma americanum: ectoparasites, ticks"  ("Lone star tick"), Amblyomma hebraeum XE "Amblyomma hebraeum: ectoparasites, ticks"  ("South African bont tick" or “bont-legged tick”). Care must however be taken with such names e.g. Hyalomma truncatum XE "Hyalomma truncatum: ectoparasites, ticks"  –a vector of Crimean-Congo haemorrhagic fever- also has a "bont” aspect and is also known as a bont tick. ["Bont" refers to the multicoloured markings with reddish-brown and white bands].
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The ticks have a hard scutum (dorsal shield) that in the adult male covers the whole back. Males can only suck a limited quantity of blood. The scutum of the female is also hard and cannot distend. It is however smaller so that remarkable distension of the animal’s body is possible when it takes a large blood meal. They feed for 6-12 days. It is very important for the tick that during this period it should not be noticed by the host. Tick bites are painless, since a component of the tick’s saliva reduces the sensitivity of the receptors in the host’s skin. The salivary glands of ticks are complex and several cell types are recognised in the acini. The biochemical components in the secretions of the various cells differ considerably. An estimate of the length of time that a hard tick has been present on the skin can be made by measuring the scutal index (ratio of body length to maximum scutum width). The longer the tick has been present, the more blood it has sucked and thus the larger it is. The males remain on the host for several weeks to months. After the adult female is sated, she falls to the ground in order to lay her eggs. When a female hard tick lays eggs, she takes them out of the genital opening with her legs as they appear one by one. She then smears them with excreta from Gene’s organ, a vesicle that is everted between the base of the capitulum and the scutum. The wax-like material from this organ protects the eggs from desiccation. After laying the eggs, the female dies. A six-legged larva emerges from the egg and waits for a long time on the ground or on vegetation until a host passes to which it can attach itself. The larva takes one large blood meal over a period of 4 to 6 days.

*

An eight-legged nymph then develops from the larva, which afterwards develops into an adult animal following a subsequent blood meal (duration 5-8 days). The life cycle of most hard ticks lasts 2 years. Hard ticks have no coxal glands and excrete their excess water by regurgitation and injection of saliva. The longer the tick remains in place and sucks blood, the larger the quantity of micro-organisms which are transmitted. For example, transmission of Lyme disease is unlikely if the tick is removed rapidly. This is in contrast to the Argasidae, where infections such as recurrent fever can be relatively rapidly transmitted as these animals have a different feeding behaviour. The attachment time needed for transmission of Borrelia burgdorferi XE "Borrelia burgdorferi: ectoparasites, ticks"  is much shorter in European ticks than in American ticks.

4.5 Tick paralysis

The saliva of some ticks is neurotoxic and "tick paralysis" can occur. This has been described for 60 different tick species in animals, but only a few are important for humans: in the USA and Canada Dermacentor variabilis and D. andersoni and in Australia Ixodes holocyclus XE "Ixodes holocyclus: ectoparasites, ticks" , a marsupial tick. Paralysis occurs in animals (dogs, sheep) and humans. Usually the tick needs to have been present for 4 (2-7) days before the symptoms appear. The neurotoxin is still poorly characterised, but it prevents the release of acetylcholine from the pre-synaptic membrane (cf. botulinum toxin). The condition presents as a flaccid, ascending paralysis with areflexia and with bulbar involvement and ataxia, without neck stiffness and without sensory disorders. Unsteady jerky movements of the limbs and breathing difficulties occur. The paralysis is more pronounced in children younger than 10 years, probably because of their smaller body weight. Evolution towards death is possible (respiratory failure). The disorder can resemble poliomyelitis, but motor involvement is symmetrical. Consciousness is clear. It can also resemble Guillain-Barré syndrome, including the EMG findings. In Guillain-Barré, there are usually mild sensory deficiencies, no ataxia and the cerebrospinal fluid contains a large amount of protein after a few days. Cerebellar ataxia, acute lesions of the cervical spinal cord, hereditary potassium-associated periodic paralysis (hypokalaemic and hyperkalaemic), acute thyroid myopathy, sea snake or elapid bites, paralytic shellfish poisoning, acute myasthenia gravis, Eaton-Lambert syndrome, diphtheria, non-polio enteroviral infections, botulism, curare-like poisons and insecticide intoxication are other possibilities that must be included in the differential diagnosis. On removal of the tick there is a progressive recovery over the course of the following hours to days.

4.6 Ticks prevention

Prevention of infections transmitted by ticks includes the avoidance of areas where there are ticks. Argasids are often found in mud huts, campsites or places where pigeons or bats nest for example. It is best not to sleep on the floor and if possible to avoid such places entirely. The use of concrete or plaster in houses diminishes the population of soft ticks. Hard ticks are found in places where domestic or wild animals (including birds) congregate, drink, feed or rest. 

4.7 Removing ticks

Hard ticks are relatively difficult to remove without damaging them. They have barbs on their hypostome (a section of the mouthparts). Tick larvae are small (<1 mm) and colourless before they suck any blood. They should be removed carefully with tweezers, without squashing them. The tick should be grasped as close as possible to the site of attachment in order to minimise the risk of the mouthparts breaking off and remaining embedded in the skin. The broken-off mouthparts of a tick can cause irritation and local infection. They should be scraped out and the wound disinfected e.g. with alcohol or povidone-iodine. It is sometimes claimed that applying vaseline, butter or fat to the animal (interfering with respiration) causes the tick to react by detaching itself from the skin, after which it can be removed more easily. While this does apply to the removal of fly larvae (myiasis), it is less straightforward in ticks. Burning the animal with a cigarette is not indicated: it can cause burns (particularly in children and pets), the tick might burst, thus spreading infectious material, and finally heat encourages the tick to produce more saliva and regurgitation. 

*

Note: diseases transmitted by ticks

Soft ticks

· Recurrent fever: Borrelia duttonni via soft ticks such as Ornithodoros moubata
*

Hard ticks

· Lyme disease: Borrelia burgdorferi
· Rickettsioses: various types such as RMSF, fièvre boutonneuse, Queensland tick typhus, Japanese spotted fever, Israeli tick typhus, Siberian tick typhus, Flinders Island spotted fever, Mongolian spotted fever (R. mongolotimonae XE "Rickettsia mongolotimonae: ectoparasites, ticks" )

· Ehrlichioses: monocytic (E. chaffeensis XE "Ehrlichia chaffeensis: ectoparasites, ticks" ) and granulocytic (bacteria related to E. equi)

· Meningo-encephalitis: FSME, RSSE, Looping ill, Powassan encephalitis, Colorado Tick Fever (= orbivirus)

· Haemorrhagic fever: Crimean-Congo HF, Omsk HF, Kyasanur HF XE "Haemaphysalis spinigera: ectoparasites, ticks" 
· Febrile atypical syndrome: Colorado tick fever, Kemerovo tick fever

· Babesiosis, e.g. Babesia divergens XE "Babesia divergens: ectoparasites, ticks" , B. gibsoni XE "Babesia gibsoni: ectoparasites, ticks" , B. microti XE "Babesia microti: ectoparasites, ticks" 
· Tularaemia, caused by Francisella tularensis XE "Francisella tularensis: ectoparasites, ticks" 
· Tick paralysis: paralysis from neurotoxic substances (e.g. holocycline) in tick saliva 

*

Note: Caribbean Amblyomma Project

Amblyomma variegatum XE "Amblyomma variegatum: ectoparasites, ticks"  is an important tick in the Caribbean. The tick species was accidentally introduced into this region in 1828 via infested cattle transported from Senegal to Guadeloupe. A second introduction followed in 1895 in Antigua. The animal bites cattle preferentially, but also sheep and goats. The tick causes enormous financial losses in cattle breeding. It is a vector of cowdriosis, one of the main rickettsioses of ruminants. The tick also transmits dermatophilosis (Dermatophilus congolensis XE "Dermatophilus congolensis: ectoparasites, ticks" ). An international control programme was therefore set up during the 1990s.

5 Myiasis XE "Ectoparasites: myiasis" 
5.1 Myiasis, general

Myiasis is the invasion of the body by fly larvae. During this period, the larvae feed on live or dead tissues. Depending on the life cycle of the insect, myiasis is obligatory or facultative. In obligatory myiasis, the larvae have to spend part of their life cycle on a living host. Examples are Cordylobia anthropophaga, Dermatobia hominis XE "Dermatobia hominis: ectoparasites, myiasis" , Cochliomyia hominivorax XE "Cochliomyia hominivorax: ectoparasites, myiasis" , Chrysomyia bezziana XE "Chrysomyia bezziana: ectoparasites, myiasis"  and Wohlfarthia sp. In facultative myiasis, the larvae are normally free-living, often on corpses, rotting meat, etc., but are sometimes found on living hosts (e.g. Calliphora, Lucilia, Phormia and Sarcophaga sp.) They can infect wounds and superficial ulcers. Sterile cultured live larvae that feed on dead tissue are sometimes used therapeutically for debridement of persistent wounds, including diabetes wounds. In forensic medicine, the time of death can be estimated by the species of insect maggot found at the time of a body’s discovery. Clinically, a distinction is drawn between cutaneous, urogenital, nasopharyngeal, ophthalmic and intestinal myiasis. Obligatory intestinal myiasis occurs only in animals, not in humans.

· Blood sucking: the free-living Congo floor maggot, Auchmeromyia senegalensis XE "Auchmeromyia senegalensis: ectoparasites, myiasis" .
· Surface wound myiasis: Lucilia cuprina XE "Lucilia cuprina: ectoparasites, myiasis"  and L. sericata XE "Lucilla sericata: ectoparasites, myiasis" , Phormia XE "Phormia sp. : ectoparasites, myiasis" , Calliphora XE "Calliphora qp.: ectoparasites, myiasis" , Musca XE "Musca sp. : ectoparasites, myiasis"  and Fannia sp. XE "Fannia sp. : ectoparasites, myiasis"  

· Peri-anal and perivaginal: Wohlfahrtia sp. XE "Wohlfahrtia sp. : ectoparasites, myiasis" 
· Shallow subcutaneous lesions: the African Cordylobia anthropophaga and the American Dermatobia hominis XE "Dermatobia hominis: ectoparasites, myiasis" . 

· Deeper subcutaneous lesions with tunnelling occurs with Hypoderma XE "Hypoderma sp. : ectoparasites, myiasis" , Gasterophilus haemorrhoidalis XE "Gasterophilus haemorrhoidalis: ectoparasites, myiasis" , G. intestinalis XE "Gasterophilus intestinalis: ectoparasites, myiasis"  and G. nasalis XE "Gasterophilus nasalis: ectoparasites, myiasis" . 

· Body cavity myiasis (eye, nose): Chrysomyia bezziana XE "Chrysomyia bezziana: ectoparasites, myiasis" , Cochliomyia hominivorax, Oestrus ovis XE "Oestrus ovis: ectoparasites, myiasis" , Rhinoestrus purpureus XE "Rhinoestrus purpureus: ectoparasites, myiasis" . Very severe mutilations may be the result of such infestations. 
· Insufficient details are known about some parasites: Alouattamyia baeri XE "Alouattamyia baeri: ectoparasites, myiasis"  (a parasite of howling monkeys), Pharyngomyia picta XE "Pharyngomyia picta: ectoparasites, myiasis"  (a larva was once found in the conjunctiva), Megaselia scalaris XE "Megaselia scalaris: ectoparasites, myiasis" .
5.2 Myiasis, Cordylobia anthropophaga
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Cordylobia anthropophaga (tumbu fly, ver de Cayor) is a thick, brown fly limited to tropical Africa. The larvae are obligate parasites, among others of dogs and humans. The female lays her 100-300 eggs on shaded, polluted ground or on dirty or inadequately washed linen with some traces of sweat or urine still on it, laid out on the ground in the shade to dry. The females never lay their eggs on clothing that has been hung up in direct sunlight and also never directly on the skin. The larvae that emerge from the eggs penetrate the epidermis as far as the subcutaneous fatty tissue and develop there for 8 to 12 days. They then crawl out of the skin and fall to the ground where they undergo pupation in 24 hours. The pupae develop into adult flies in 10 to 20 days. The larvae rapidly penetrate the skin without causing any pain. In the first few days, an itchy, painful papule appears which develops over the course of a week into a painful furuncle in the centre of which two black dots (respiratory canals) are visible. The lesions may be few or numerous. The larvae can be pressed out of the skin if their respiration is prevented by coating the lesion with vaseline. One way to avoid infection is to iron bed linen and clothes on both sides. Dogs are often infected. Cordylobia rodhaini XE "Cordylobia rodhaini: ectoparasites, myiasis"  normally lives as a larva in rodents and antelopes. Humans are accidental hosts.

5.3 Myiasis, Auchmeromyia senegalensis
The eggs of Auchmeromyia senegalensis (Congo floor maggot) are laid on the dry earthen or sandy floor of huts. The larvae do not constantly remain on the host. They emerge at night from cracks and crevices and suck blood from sleeping people before crawling back again. Larvae cannot climb and sleeping on beds prevents these parasites from taking a blood meal.

5.4 Myiasis, Dermatobia hominis

Dermatobia hominis (ver macaque) occurs in scrubland and woody lowland regions of Latin America. This large (15 mm) blue-grey fly has a remarkable life cycle. During their short life (8-9 days) adult females seize various bloodsucking insects. They then attach 6-30 eggs to the body of these arthropods, which include Psorophora XE "Psorophora sp. : myiasis, Dermatobia hominis"  mosquitoes and stable flies (Stomoxys calcitrans XE "Stomoxys calcitrans: myiasis, Dermatobia hominis" ). Cattle flies (Haematobia irritans XE "Haematobia irritans: myiasis, Dermatobia hominis"  and H. exigua XE "Haematobia exigua: myiasis, Dermatobia hominis" ) can also act as transport hosts. In some cattle breeding districts they constitute a real plague. The larva of Dermatobia hominis develops in the egg. When the transport insect sucks blood, the larva feels the higher temperature and breaks out of the egg and drops onto the skin or fur. Subsequently the Dermatobia larva penetrates the skin relatively rapidly. The larvae cause rather large cutaneous lesions, often painful and pruritic, few in number and frequently solitary and localised on the head. Development is slow, up to 12 weeks, and sometimes as much as 18 weeks. Fluid is formed constantly, consisting of the excreta of the larvae, but there is rarely superinfection. If this occurs, cellulitis and lymphangitis can follow. Frequently, the larvae have to be removed surgically (the final size of the larvae is 18-25 mm). A non-invasive technique of removing larvae is based on topical application vaseline to cut of their oxygen supply. This does not work very well. One can also use fresh bacon. The white part of the raw bacon is laid on the wound for some hours until the larva has attached itself. The bacon should then be lifted up and the larva can be grasped and removed with a rapid movement. 

*
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Prevention of Dermatobia hominis infections is difficult. The transport host Haematobia irritans ("horn fly") principally bites cattle and can be successfully combated by "ear tags" containing a PVC matrix with pyrethroids. They can also bite humans. When these insects form a local plague, they can be controlled in a "low-tech" fashion since Haematobia irritans and H. exigua obligatorily lay their eggs on fresh cow dung. When this is broken up mechanically, the larvae die. A shepherd with a rake can diminish a local plague and limit the exposure of humans and animals.

5.5 Myiasis, screw worms

Cochliomyia hominivorax XE "Cochliomyia hominivorax"  ("New World screw worm"; syn. Callitroga hominivorax XE "Callitroga hominivorax: myiasis, screw worms" ) is a fly that occurs in Latin America and the Caribbean. It belongs to the Calliphoridae ("blow flies") and was first described in 1858 by Dr Coquerel, a French army doctor in Cayenne, French Guyana. Many of the prisoners in the penal colony of Devil’s Island had infections in the nose and sinuses. The insect lays its eggs on all types of wounds. The larvae bore deep in the tissues with serious consequences, such as mutilation or even death. Although the species name translates as "man eater", the insect preferentially plagues cattle. All warm-blooded animals can act as hosts, but infections in birds are exceptional. The adult fly is approximately twice as large as the house fly. The eyes and body are blue-green and there are three dark stripes on the back. After fertilisation (a "once-in-a-lifetime event") a female can lay batches of up to 300 eggs in a wound. During her life (on average a month) she can lay up to 2800 eggs. Approximately 12 hours after the eggs are laid, the larvae emerge and feed on the host’s tissues. The name "screw worm" refers to the somewhat screw-like appearance of the larvae. They have mouth hooks in order to attach themselves firmly. The larvae enlarge the initial wound, as a result of which other flies are attracted. The larvae feed for 5-10 days and become 20 to 25 mm long. After they leave the wound, they fall to the ground, dig themselves in and pupate. After a lapse of one to nine weeks, the adult insects emerge. The interval depends on the temperature. Three days later the females can be fertilised. They can cover up to 300 km in a week, although such a long distance is exceptional. Distances of 10-20 km are more usual, but it depends, among other things on the wind, the density of animal hosts and mechanical transport of infected animals and adult insects. At first, it is difficult to be certain whether there are larvae in a wound since they lie deeply and often perpendicular to the skin surface. C. hominivorax should not be confused with Cochliomyia macellaria XE "Cochliomyia macellaria: myiasis, screw worms" , a less important parasite. Treatment consists of the mechanical removal of the intact larvae, standard wound care and tetanus prophylaxis. Antibiotics are usually necessary to combat superinfection.

*

The fact that female flies have sexual contact only once is used in controlling these insects. After a female copulates with a sterile male, she does not produce any offspring. She will not mate again. The more sterile males relative to fertile males, the more difficult reproduction becomes. The ration should not be less than 10:1. A ratio of 300 sterile to 1 naturally fertile male is more effective. After testing the sterile insect release technique on Sanibel Island, a decisive experiment was conducted in Curaçao, an island of 440 km2 of the coast of Venezuela. Release of 78 sterile flies per square kilometer had little impact on the local screw worm population, but by increasing the rate to 150 sterile flies per km2 per week, eradication was achieved in 7 weeks. In Mexico and the USA a large-scale control programme was set up at the end of the 1950s. Mexico started to be operational in 1972. When the pupae are five days old, i.e. one day before their emergence, they are irradiated with 6000 rad gamma rays (Cobalt 60 source or Cs137). This sterilises the insects without otherwise harming them. In 1976, a large factory was set up in Mexico which was able to produce up to 500,000,000 sterile flies a week. These were transported in temperature-controlled containers to various provinces for dispersion over large areas. Up to 60 flights a day were carried out, 600 inspectors were present on the ground and a total of 2800 people worked on the programme. As time passed, the programme became increasingly effective. Together with treatment of the cattle and control of animal transport, this produced very favourable results. The programme has now moved south to Guatemala and Belize and it is hoped in future to establish a fly barrier in the isthmus of Panama. 

*

In February 2003 there was a malfunctioning in a Cochliomyia hominivorax lab in Chiapas, Mexico. Due to ineffective irradiation, 4 million fertile flies were released and subsequently dispersed by aircraft throughout Chiapas and Panama. The accident was the first of its kind since the USDA's Animal and Plant Health Inspection Service (APHIS) established its programme in Mexico. Some 500 cattle were infested. The lab in Chiapas normally produces 150 million sterile flies per week and reacted efficienly to the outbreak, releasing more than twice the normal eradication load of sterile flies to quell the spread of the outbreak.

*

The insect was first introduced into Libya in April 1988 (probably via the transport of infected sheep). The fly spread like lightning along the coast. On average 70-80 human cases/month were admitted to hospitals in Tripoli. Most wounds occurred on the head and neck of children under ten years of age. The flies were eradicated in North Africa in 1991 as a result of a costly but effective control project. Quarantine stations were set up in the district around Tripoli to prevent the transport of cattle outside the area. Ruminants were inspected and if necessary infected animals were treated with insecticides. In 1990, a mass dispersion of radiation-sterilised male flies was started. In May 1991 up to 40,000,000 insects per week were released. This lasted until 17 October 1991, i.e. up to 6 months after the last case of screw worm in Libya. Dispersion to sub-Saharan Africa has to date been prevented. In view of the seriousness of the threat of spreading to the rest of the Africa, international aid was provided, in spite of the international boycott of Libya for political reasons.

*

Chrysomyia bezziana XE "Chrysomyia bezziana: myiasis, screw worms"  ("Old World screw worm") strongly resembles Cochliomyia hominivorax, but does not lay its eggs on wounds. When larvae invade natural openings (vagina, nose, eyes, mouth), they can cause very painful and serious lesions. The larvae complete their development in humans in 5-6 days, after which they crawl out of the tissues and fall to the ground to pupate. Chrysomyia megalocephala XE "Chrysomyia megalocephala: myiasis, screw worms"  is a facultative parasite of humans.
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5.6 Myiasis, metallic flies

Adult Lucilia ("greenbottles) and Calliphora species ("bluebottles") have a green resp. blue metallic sheen. A synonym of Lucilia sericata XE "Lucilia sericata: myiasis, metallic flies"  is Phaenicia sericata XE "Phaenicia sericata: myiasis, metallic flies" . Of the bluebottles, Calliphora vomitoria XE "Calliphora vomitoria: myiasis, metallic flies"  and Calliphora vivina XE "Calliphora vivina: myiasis, metallic flies"  are best known. These flies occur world-wide. They normally lay their eggs on meat, fish, corpses and all types of rotting material, but sometimes also on purulent wounds and excreta. The presence of larvae usually does not lead to serious consequences, since they feed on pus and debris. They were even used to clean wounds. Their unhygienic habits, however, can give rise to the mechanical transport of pathogens.

5.7 Myiasis, Sarcophagidae

Sarcophaga sp. are large, hairy, non-metallic-coloured, grey flies. Sarcophaga carnaria XE "Sarcophaga carnaria: myiasis, Sarcophagidae"  and Sarcophaga haemorrhoidalis XE "Sarcophaga haemorrhoidalis: myiasis, Sarcophagidae"  are the most well known species. Larvae are sometimes laid on wounds. They cause little damage as they feed only on necrotic tissue. When meat contaminated with live Sarcophaga larvae is eaten, this can cause accidental intestinal myiasis (larvae are excreted with the faeces). 

5.8 Myiasis, Hypoderma sp. and Gastrophilus sp.

These species are specialised endoparasites of various animals. When they infect humans, they cause a condition similar to a deep larva cutanea migrans. Removal is performed surgically. Hypoderma species such as H. bovis XE "Hypoderma bovis: myiasis, Hypoderma sp. and Gastrophilus sp." , H. diana XE "Hypoderma diana" , H. lineatum XE "Hypoderma lineatum: myiasis, Hypoderma sp. and Gastrophilus sp."  and H. tarandi XE "Hypoderma tarandi: myiasis, Hypoderma sp. and Gastrophilus sp."  can occasionally cause deep, visceral lesions.

5.9 Tabanids

Stinging flies that belong to the tabanids (Haematopota XE "Haematopota sp. : myiasis, tabanids" , Chrysops XE "Chrysops sp.: myiasis, tabanids" , Tabanus XE "Tabanus sp. : myiasis, tabanids" ) can be mechanical vectors for anthrax and tularaemia (“rabbit fever”). This last infectious disease is caused by Francisella tularensis XE "Francisella tularensis: myiasis, tabanids" .  

6 Bed bugs XE "Ectoparasites: bed bugs" 
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There are two main species of bed bugs: Cimex lectularius XE "Cimex lectularius: ectoparasites, bed bugs"  (the common bed bug which occurs world-wide) and Cimex hemipterus XE "Cimex hemipterus: ectoparasites, bed bugs"  (the tropical bed bug). In West Africa, Leptocimex bouetti attacks man. Bed bugs are insects (4-7 mm) with rudimentary, non-functional wings. This limits their capacity for dispersion. They are not vectors of pathogenic organisms, but are primarily a nuisance because of their behaviour. They suck blood for a short time during the night or at dawn. During the day the adult insects hide in all sorts of cracks and crevices. They can fast for a very long time (>1 year in the laboratory). When the environmental temperature drops below 15°C, they become inactive. Often dirty brown spots caused by their faeces are found on sheets, walls or floors. Females lay 6-10 eggs per week, usually in the place where they spend the day. Sometimes clusters of hundreds of 1 mm large whitish-yellow eggs can be seen on walls, under wallpaper, etc. Their further development is heavily influenced by temperature and moisture. At room temperature, eggs hatch after 15-22 days. After about 6 weeks, adult insects appear. Temperatures higher than 45°C maintained for 30' kill the insects. After a bite, a severe pruritic skin reaction can occur. Spraying insecticides helps control these animals.

7 Beetles and blister beetle dermatitis XE "Ectoparasites: beetles and blister beetle dermatitis" 
7.1 Beetles, general

Everyone knows beetles. May beetles, ladybirds, glow worms and jewel beetles all belong to the enormous insect order of Coleoptera (Gr. "koleos" = sheath; "pteron" = wing). Many beetles have their front wings converted into hard wing sheaths (elytra) that cover two-thirds of the thorax and the complete dorsal side of the abdomen. In some this is not the case, as in short-winged beetles (the short elytra only cover part of the back). Although beetles have the greatest wealth of species of all insects, there are only a few that are directly harmful to human health. A few beetles, chiefly belonging to the Scarabaeidae and Tenebrionidae, can be intermediate hosts for worms, such as the tapeworm Hymenolepis diminuta XE "Hymenolepis diminuta: ectoparasites, beetles and blister beetle dermatitis"  (the cause of non-specific abdominal discomfort), the nematode Gongylonema pulchrum XE "Gongylonema pulchrum: ectoparasites, beetles and blister beetle dermatitis"  (causes mouth abscesses, among others) and the thorn-headed worm Macracanthorhynchus hirudinaceus XE "Macracanthorhynchus hirudinaceus: ectoparasites, beetles and blister beetle dermatitis"  (causes intestinal abscesses, among others). Occasional cases of nasal canthariasis have been reported.

*

Note 1: Glow worms
Some beetles such as Photinus pyralis XE "Otinus pyralis: ectoparasites, beetles and blister beetle dermatitis"  are light-emitting (“glow worms”). Some species even synchronise their light pulses so that at night a beautiful fairy-like effect is achieved. The green light is emitted during the reaction between luciferin, oxygen and ATP. This reaction is catalysed by luciferase. These substances are used in various laboratory techniques (luciferase luminescence assays) and in genetic engineering (e.g. as reporter genes). Do not confuse with green fluorescent protein from jellyfish.

*

Note 2: Toxic beetles

Diamphidea nigroornata XE "Diamphidea nigroornata: ectoparasites, beetles and blister beetle dermatitis" , D. simplex XE "Diamphidea simplex, ectoparasites: beetles and blister beetle dermatitis"  and D. locusta XE "Diamphidea locusta, ectoparasites: beetles and blister beetle dermatitis"  belong to the Chrysomelidae. The larvae of these beetles are used by !Kung bushmen of the Kalahari in Southern Africa as a source of arrow-tip poison, often mixed with sap from plants such as Adenium boehmianum XE "Adenium boehmianum: ectoparasites, beetles and blister beetle dermatitis"  or Strophantus sp XE "Strophantus sp: ectoparasites, beetles and blister beetle dermatitis" . Sometimes larvae of Lebistina and Polyclada sp. mixed with scorpion venom is used for this purpose. The beetles contain a poisonous protein, which causes extensive haemolysis, but the exact mechanism has yet to be fully established. 

7.2 Beetles, carpet dermatitis

Carpet dermatitis is caused by beetles of the family of Dermestidae e.g. Anthrenus verbasci XE "Anthrenus verbasci: ectoparasites, beetles, carpet dermatitis" . The hairy larvae cause a pruritic papulovesicular eruption after contact with the skin. The insects are in principle scavengers. Beetles from this family are often used for cleaning animal skeletons. The museum beetle that causes so much damage to museum collections also belongs to this family.

7.3 Blister beetles, general

Blister beetles are insects that cause skin lesions by direct contact. They are found on various continents. They contain highly poisonous substances such as cantharidin or pederin. Cantharidin is found in the haemolymph of the beetle and is released when the insect is crushed. A number of insects secrete the caustic fluid via their leg joints when they are disturbed (“reflex bleeding”). In Lytta vesicatoria XE "Lytta vesicatoria: ectoparasites, beetles and blister beetle dermatitis"  cantharidin is also found in the wing sheath.

7.4 Blister beetles, species

Blister beeteles belong principally to the families of Meloidae (include the "oil beetles"), Staphylinidae (short-winged beetles or "rove beetles") and Oedemeridae ("false blister beetles"). Some belong to the Cantharidae ("soldier beetles" or "soft-bodied beetles"). There are more than 1500 species of blister beetles. It is a difficult task to describe all of them. The most well-known of the Meloidae is probably the so-called "Spanish fly". This insect is not a fly as the name would suggest, but a beetle, Lytta vesicatoria, with a very bright green or blue sheen on the elytra. These insects occur in Central and Southern Europe. Other blister-producing Lytta species are found in other geographical regions, e.g. Lytta polita XE "Lytta polita: ectoparasites, beetles and blister beetle dermatitis" , Lytta magister XE "Lytta magister: ectoparasites, beetles and blister beetle dermatitis" . The eggs are laid on the ground. The larvae are very mobile and climb onto flowers that are visited by bees. They attach themselves with their claws to these insects and are so transported to their nest. There they devour larvae and food stores. Lytta larvae thus develop as parasites in the nests of solitary bees. Adult Lytta vesicatoria are often found on ash trees, elder trees and privet.

*

The American blister beetles belong to the Meloidae, including those of the genus Epicauta. We know of Epicauta temexa XE "Epicauta temexa: ectoparasites, beetles and blister beetle dermatitis"  and E. occidentalis XE "Epicauta occidentalis: ectoparasites, beetles and blister beetle dermatitis"  or three-striped blister beetles, Epicauta vittata XE "Epicauta vittata: ectoparasites, beetles and blister beetle dermatitis"  or striped blister beetle, Epicauta pennsylvanica XE "Epicauta pennsylvanica: ectoparasites, beetles and blister beetle dermatitis"  and E. conferta XE "Epicauta conferta: ectoparasites, beetles and blister beetle dermatitis"  or black blister beetles and E. paradalis XE "Epicauta paradalis: ectoparasites, beetles and blister beetle dermatitis"  or spotted blister beetle. The animals have a remarkable life cycle. Epicauta blister beetles undergo hypermetamorphosis (=heteromorphosis), a complex life cycle with several stadia. Hypermetamorphosis is common in predaceous and parasitic insects in which a change in habit occurs during the course of larval development. Two to three weeks after copulation, the females lay six clusters each of 50-300 eggs, from which leg-bearing active larvae appear 10-20 days later. The first stage larvae of Meloidae (and Strepsiptera) are known as triungulins referring to the three typical claws on the legs (Lat. "tri" = three, ungulus = claw). In this stage, they feed on grasshopper eggs. The beetles occur therefore in regions where there are large numbers of grasshoppers (predominantly Melanoplus sp. XE "Melanoplus sp. : ectoparasites, beetles and blister beetle dermatitis" ). The next stages are legless and maggot-like. The larvae of many other blister beetles feed on bee eggs or in beehives. The insects hibernate as sixth instar larvae 2.5-4 cm below ground. The following spring the larvae moult again and then pupate, so that adult beetles appear at the earliest around the end of May or beginning of June. Adult beetles are 12-19 mm long with an almost cylindrical body. The width of their heads is larger than the diameter of the pronotum (scutum on the first thoracic segment). The elytra can be black or metallic or striped. In the USA the adults sometimes invade parts of blooming alfalfa (lucerne, Medicago sativa XE "Medicago sativa: ectoparasites, beetles and blister beetle dermatitis" ) fields where they feed on nectar and pollen. They often group in swarms, as a result of which only part of a field is infested. When the alfalfa is harvested, some batches can be toxic and others from the same field completely harmless. The damage due to the beetles eating is insignificant, but they are important because of the consequences of direct contact with their toxin. Animals feeding on infested lucerne can become gravely ill and even die.

*

Some blister beetles of the family of Meloidae belong to the genus Mylabris (Mylabris phalerata, M. cichorii, M. alterna). These beetles contain more cantharidin than Spanish flies. The insects are still used in traditional Chinese medicine. Cylindrothorax sp. also belong to this family. Other blister beetles include Pyrota insultata, Cyaneolytta sp., Neopyrochroa flabellata (Pyrochroidae), Psalydolytta sp. and Coryna apicicornis. The Oedemeridae (false blister beetles) form a family of 1500 species that are found predominantly in temperate regions. The larvae live in wood. There are several genera with cantharidin-containing species within this family, e.g. Eobia (Sessinia) collaris and Eobia (Sessinia) decolor in Samoa, the Solomon Islands and Tahiti, Eobia kanack in Papua New Guinea, Fiji, New Caledonia and surrounding islands, Oxacis and Alloxacis sp. in the Bahamas, Oxycopis vittata and O. mcdonaldi in Florida and the Caribbean and Thelyphassa lineata in New Zealand.

*
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Among the Staphylinidae, the genus Paederus is known to contain at least 25 species. Paederus fusca is well known in the rice fields of Southeast Asia. Paederus crebinpunctatis and P. sabaeus occur in East Africa. P. cruenticollis is important in Australia. The most striking characteristic of these beetles is the very short elytra (hence the old name for this group: Brachyptera). They are often strikingly metallic and yellow coloured. The hindmost tip of the abdomen is often dark. The adults can fly well. The penultimate hindbody segment contains an extremely fine comb on the posterior border, which helps in the unfolding of the wings. At rest, the wings are folded up so as to find a place beneath the short wing sheaths. It is not so simple for the insect to fold up its wings again. In many cases, it has to raise its hindbody and support the wings with it. In this position, the large species at first sight resemble earwigs, but short-winged beetles have no pincers at the end of the abdomen. The adult beetles and their larvae often live in damp environments. The adults are active during the day and are attracted by light at night, which can bring them into contact with humans. In addition to Paederus sp., other short-winged beetles of the genera Anothylus, Atheta and Oxytelus also cause blister formation.

7.5 Bombardier beetles

A complete different mechanism occurs in bombardier beetles. These curious insects belong to the Carabidae family. There are three separate subfamilies: the Carabinae (e.g. Brachinus sp.), Paussinae (e.g. Goniotropis sp.) and Metriinae (e.g. Metrinus sp.). They spray a hot jet of defensive chemicals when disturbed. This mechanism involves paired special glands which synthetise (1) hydroquinone and methylhydroquinone, (2) hydrogen peroxide and (3) the hydrocarbon pentadecane. The secretions are stored in the reservoir portion of the double-chambered gland. The second portion of the gland is the reaction chamber which contains catalase and peroxidase enzymes. Mixing of the quinones and H2O2 with the enzymes leads to exothermic catalytic conversion, with a rapid build-up of pressure from liberated oxygen, and explosive discharge of oxidised quinones. This can even be heard as a "pop". Studies on a Kenyan bombardier beetle (Stenaptinus insignis) showed that the discharge is pulsed. The explosive chemical oxidation produces a build-up of pressure in the reaction chamber which closes the one-way valve from the reservoir, thereby forcing discharge of the content through the anus. This relieves the pressure, allowing the valve to open, permitting refilling of the reaction chamber from the reservoir (which remains under muscle pressure). By this mechanism, a high-intensity pulsed jet is produced by the chemical reaction, rather than requiring extreme muscle pressure. In this way, the animal not so much resembles a hot water pistol than a caustic spraying machine gun. The temperature of the spray is about 60-100°C. Sufficient heat is released to vaporize about 20% of the reactant solution. Brachinus beetles have a very accurate aim. The hot caustic jet can be pointed in all directions by rotating the mobile abdominal tip and pointing it towards the target. If the jet touches the skin a local burn will result.

7.6 Blister beetles, toxins
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Pederin

Pederin is the active vesicant of the short-winged beetle Paederus fuscipes XE "Paederus fuscipes: ectoparasites, beetles and blister beetle dermatitis"  and related species. All together 25,000,000 beetles were needed for its structural determination in the laboratory! It is a complex non-protein molecule. Pederin is highly toxic, more potent than cobra venom. It inhibits protein synthesis and prevents cell division. 

*

Cantharidin

Many blister beetles contain a specific bicyclic monoterpenoid, cantharidin (C10H12O4) (Gr. "kantharis" or beetle). A related substance, anemonin, is found in certain plants (Ranunculaceae). Cantharidin is not soluble in water, but is fat-soluble. Cantharidin binds chemically to phosphatases 1 and 2A. These enzymes play a role in cell proliferation, membrane channels and receptors, modulation of protein kinases and modulation of other phosphatases. The toxin is very stable. Dead beetles are still dangerous. Consequently control by means of insecticides does not remove the danger. The toxin protects the beetles from predators and is found in the haemolymph and gonads. A beetle contains 1-5% cantharidin by dry weight. Males contain more toxin than females. A male beetle transfers cantharidin to a female during copulation (“nuptial gift”). This is then passed on with the eggs so that these too are protected against predators.

7.7 Blister beetles, clinical features

Sometimes cantharidin is swallowed. The toxin is readily absorbed from the intestine and excreted in the urine. If cantharidin is swallowed to arouse sexual appetite, in an attempted suicide, by accident, with criminal intent or to induce abortion, several symptoms may occur depending on the dose. The initial discomfort begins within 30 minutes. Dysphagia as a result of mucositis with irritation of oral, oesophageal and gastric mucosa is followed by abdominal pain, nausea and vomiting, possibly with blood. Oedema, bleeding and necrosis of the mucosa occur at an early stage. There is intense congestion of the genito-urinary tract, with bleeding in the renal pyelum, ureters and bladder. Bleeding can also occur in the ovaries. Sometimes there is internal bleeding and bruising. Priapism occurs, which was the origin of the use of the substance as an aphrodisiac (Gr. Aphrodite = goddess of love). Diarrhoea occurs, accompanied by leukocytosis, haematuria, renal tubular necrosis, uraemia, shock and coma. Approximately 30-60 mg is sufficient to kill an adult person. Cantharidin can be tested for by HPLC (“high performance liquid chromatography”) and gas chromatography (gastric contents, urine, serum).

*

On skin contact with cantharidin-containing blister beetles, local tissue irritation occurs after a few hours. This results from the disruption of tonofilaments in the desmosomes with acantholysis and intra-epidermal blister formation. Redness, oedema and vesicles can appear on the skin. Sometimes there are “kissing lesions” on the elbow or in the hollow of the knee. In contrast, the effect of pederin is not immediately noticeable and only becomes apparent after 1 to 2 days. The erythema is much more severe and can persist for months. On contact with the conjunctiva and/or cornea, Paederus sp. cause “Nairobi eye”. This is associated with extensive painful peri-orbital swelling and purulent conjunctivitis. Corneal erosions and blindness can follow.

7.8 Blister beetles, consequences for animals

Cantharidin is toxic to sheep, goats and cattle, but above all horses. When the toxins are swallowed (e.g. horses that eat alfalfa containing live or dead beetles), mouth ulcerations, colitis and diarrhoea, painful micturition and general indisposition occur. With severe intoxications, fever, hypocalcaemia, shock and death will follow. For a horse a dose of 1 mg/kg is fatal. 

7.9 Blister beetles, treatment

There is no specific antidote. Steroids are not effective in controlling the ulcers in the gastro-intestinal tract. Fluid, calcium supplements, analgesics and broad spectrum antibiotics should be given. Gastric lavage should be carried out and activated charcoal administered. Cantharidin is to a large extent bound to albumin and is not removed by haemodialysis via a charcoal column. Physiological fluid should be administered IV. A blood transfusion might be necessary. Maximum diuresis must be obtained with IV fluid, mannitol and diuretics. No fat should be given orally because it increases the absorption of the toxin. For external lesions, the skin should be rinsed copiously as rapidly as possible. After disinfection, silver sulphadiazine cream should be applied. Subsequent care is the same as for a burn. Skin lesions caused by cantharidin practically always heal without leaving scars. An eye that is affected should be rinsed copiously. Afterwards an antibiotic- and steroid-containing eye ointment should be applied (cfr. eye lesions caused by spitting cobras).

7.10 Cantharidin, therapeutic applications

Cantharidin is regarded by some poorly informed people as an aphrodisiac. The use of this substance has fortunately become rare. It is also used by some desperate people to induce home-abortions. Cantharidin-analogues are being studied for potential antitumour activity. Skin warts can be treated by cryotherapy, electrosurgery, laser therapy or topical application of cantharidin (Cantharone®), whether or not in combination with salicylic acid and/or podophyllin. 

8 Erucism and lepidopterism XE "Ectoparasites: erucism and lepidopterism" 
8.1 Erucism and lepidopterism, general
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The insect order of Lepidoptera ("scaly winged") derives its name from the fact that the adult animals are covered with numerous small scales. The larvae or caterpillars are covered with hairs. Broadly speaking, this order can be grouped into butterflies (antennae club-shaped) and moths (antennae pointed or with a feathery ending). The mouthparts of most butterflies consist of a thin tube (coiled tongue) with which they can suck nectar. In many butterflies, the mouthparts are atrophic. Primitive butterflies (Micropteryx sp. XE "Micropteryx sp. : ectoparasites, erucism and lepidopterism" ) still have biting mouthparts. Some species drink tears or suck blood (e.g. Calyptera sp. XE "Calyptera sp. : ectoparasites, erucism and lepidopterism" ).

8.2 Erucism and lepidopterism, urticating hairs

There are numerous species of caterpillars whose hairs have an irritant effect when they come into contact with the skin. Various species belonging to the Zygaenoidea, Bombycoidea ("silk moths"), Sphingoidea ("hawk or sphinx moths"), Notodontoidea, Noctuoidea ("owl moths"), Geometroidea ("spanners") and Papilionoidea ("pages, morphos") cause dermatitis. Various species of Saturniidae ("Atlas moths") are renowned for the discomfort they cause. The dermatitis due to Hylesia metabus XE "Hylesia metabus: ectoparasites, erucism and lepidopterism" , H. alinda XE "Hylesia alinda: ectoparasites, erucism and lepidopterism"  and H. paulex tends to be severe XE "Hylesia paulex: ectoparasites, erucism and lepidopterism" . Pararama is the name for the disorder caused by Premolis semirufa XE "Premolis semirufa: ectoparasites, erucism and lepidopterism" , a Brazilian caterpillar belonging to the Arctiidae ("tiger moths"). Permanent skin lesions and peri-arthritis occur, for example in workers in rubber plantations. Megalopyge operculata XE "Megalopyge operculata: ectoparasites, erucism and lepidopterism" , M. superba XE "Megalopyge superba: ectoparasites, erucism and lepidopterism"  and M. lanata XE "Megalopyge lanata: ectoparasites, erucism and lepidopterism"  (flannel moths, belonging to the Zygaenoidea) are also well-known causes of epidemic episodes of pruritic dermatitis. The symptoms are similar to those caused by the urticating hairs of bird spiders. A haemorrhagic syndrome can develop as a result of contact with the fibrinolytic poison of the caterpillars of Lonomia achelous XE "Lonomia achelous: ectoparasites, erucism and lepidopterism"  (“giant silkworm moth”). The Butantan Institute in Brazil has developed an antidote.

*

Note:  Urticating caterpillars in Belgium

The following are known in Belgium:

· Brown tail moth caterpillar, Euproctis chrysorrhea, XE "Euproctis chrysorrhea, : ectoparasites, erucism and lepidopterism"  belonging to the Lymantriidae. The caterpillar’s food plants are blackthorn, hawthorn and various fruit trees. The insect was previously accidentally introduced into the New World so that this animal now causes problems in the USA.

· Drinker moth caterpillar, Philudoria potatoria XE "Philudoria potatoria: ectoparasites, erucism and lepidopterism" , family of Lasiocampidae ["lappet moths"]. The sobriquet refers to the fact that the caterpillar sometimes drinks from drops of water on leaves. The caterpillar feeds on various large grasses.

· Oak eggar, Lasiocampa quercus XE "Lasiocampa quercus: ectoparasites, erucism and lepidopterism"  (family Lasiocampidae, superfamily of Bombycoidea). The caterpillars possess simple urticating hairs which cause a transient rash. They live predominantly on heaths and other open terrain, sometimes in light woods. The caterpillars are found on heather, bramble and hawthorn.

· Oak processionary caterpillar, Thaumetopoea processionea XE "Thaumetopoea processionea: ectoparasites, erucism and lepidopterism" . These animals cause considerable problems. The related species Thaumetopoea pityocampa XE "Thaumetopoea pityocampa: ectoparasites, erucism and lepidopterism"  (pine processionary caterpillar) is found in the Mediterranean Sea area. These also have urticating hairs and sometimes create a severe local plague. 

8.3 Oak processionary caterpillar: general

As an example we will discuss the oak processionary caterpillar here in greater detail.

The oak processionary caterpillar (Thaumetopoea processionea) belongs to the superfamily of Notodontoidea, family of Thaumetopoeidae. Until 1987 this insect was rare in the low countries, but this changed markedly at the end of the 20th century. The caterpillars come out in April and pupate around the end of June/July. From mid-July to mid-September the adults emerge. These grey-white nocturnal moths lay their eggs in small packages on the young shoots of various trees and preferentially in the crowns of common oaks. The caterpillars have the habit of living in a group and thus being present in large numbers at one site. They make typical nests against stems and thick branches. The caterpillars have a blue-grey colour dorsally and are somewhat more green-grey ventrally. On their body they have long white hairs with a red base. The nests contain numerous urticating hairs. The caterpillars can cause considerable damage to different oak species. Birches, acacias, hawthorn, mountain ash and beech are also damaged.
*

Oak processionary caterpillar: urticating hairs

From the third larval stage, the young caterpillars have numerous urticarial hairs, with microscopic barbs. The hairs are very small (100-200 µm). They are light, easily detached and can therefore be carried over large distances by the wind. The hairs form a natural means of defence against predators. They contain the protein thaumetopoin. After penetration in the body this protein stimulates the release of histamine and probably other chemical mediators. Numerous red itchy spots appear which resemble an allergic reaction. Vesicular reactions are possible. Irritation by these caterpillar hairs is known as erucism. Inhalation of the urticating hairs can have troublesome to serious consequences (nose and throat pain with dysphagia and dyspnoea). Sometimes there are systemic reactions. If the hairs enter the eyes, local inflammation occurs (keratitis or nodular conjunctivitis).

*

Oak processionary caterpillar: treatment

It should always be ensured that any hairs remaining on clothing and skin are removed. For mild skin irritation, local disinfection and symptomatic therapy with antihistamines is sufficient. Sometimes topical or systemic steroids are necessary. If hairs enter the eye, mechanical removal is essential, which is followed by anti-inflammatory and antibiotic eyedrops.
*

Oak processionary caterpillar: control

Caterpillars can be controlled by selective or non-selective insecticides [e.g. Bacillus thurigiensis var. kurstaki XE "Bacillus thurigiensis var. kurstaki: oak processionary caterpillar, control" , diflubenzuron (Dimilin®, an ecdysone analogue), teflubenzuron], by mechanical removal and by aspiration or burning. If the hairs of dead caterpillars are released, they can still cause problems. Trees can be injected with abamectin or acephate. These substances are distributed over the plant via the sap circulation and the caterpillars die after eating the leaves. Extracts obtained from the neem tree (Azadirachta indica XE "Azadirachta indica: oak processionary caterpillar, control" , family of Meliaceae) have also been tested. This plant contains among other things azadirachtin which probably acts as an anti-ecdysoid, as a result of which metamorphosis is impeded. The natural enemies of caterpillars include ichneumon wasps such as Pimpla turionellae XE "Pimpla turionellae: oak processionary caterpillar, control"  (fam. Ichneumonidae) and tachinid flies (fam. Tachinidae), e.g. Pales processionea XE "Pales processionea: oak processionary caterpillar, control" , Carcelia iliaca XE "Carcelia iliaca: oak processionary caterpillar, control" . Another important natural enemy is a beetle, Calosoma sycophanta XE "Calosoma sycophanta: oak processionary caterpillar, control" . The latter, however, is at present very rare. The use of pheromones is experimental. Pheromone traps based on the attractive substances of a related species have not succeeded. Theoretically it might be possible to design insecticides on the basis of a species-specific virus (e.g. baculovirus).

9 Leeches XE "Ectoparasites: leeches" 
9.1 Leeches, general

The phylum Annelida is subdivided into three classes: Polychaeta (“bristle worms”, principally marine animals), Oligochaeta (e.g. earthworms) and Hirudinida (“leeches”). Among the latter there is a subclass of Hirudinea (the true leeches) with 12 families. They include both terrestrial, freshwater and saltwater species. There are approximately 650 species, but not all of these constitute a problem for humans. Terrestrial (semiterrestrial is a better term) and amphibious species are common in Southeast Asia, the islands in the Pacific Ocean, India and South America. Aquatic species occur worldwide. They are seldom found in low-calcium water. They are good swimmers. Usually victims are people visiting marshy areas or walking in or near slow-moving small brooks or streams. 

9.2 Leeches, bites

Leeches possess several evolutionary advanced features including compound eyes (one eye that is composed out of many individual eyes) and cephalization (possessing a head). The body is made up of many annuli, grouped together in segments. The number of annuli per segment is lower at both ends of the body. At the narrower end there is the anterior sucker, or mouth. At the larger disc-like end, there is a posterior or attachment sucker. The anterior sucker of the medicinal leech is equipped with a retractable system of three sharp jaws comprised of semicircular muscular ridges with numerous minute teeth along their edges. The chitin-lined  jaws are brought forward, and with a sawing action, create a Y-shaped incision ("Mercedes-Benz star"). Some species have no jaws but a protrudable proboscis. On biting they introduce vasodilators and hirudin, a very powerful anticoagulant into the skin. Hirudin is produced by perioral unicellular salivary glands. The bite causes prolonged painless local bleeding. Once sated after sucking two to five times their own weight of blood, they let go and drop to the ground. They feed infrequently. After a large blood meal, the animal can go for over 6 months without feeding. The ingested blood is stored in the large crop of the digestive tract where also the extracellular symbionts are found. The blood is then digested in the gut over a 100-day period, during which water is extracted and excreted through several pairs of ventrally located nephridia. 

9.3 Leeches and bacterial symbionts

Until recently, no gut proteolytic enzyme had been identified in leeches. Then how can a leech digest its blood meal? The digestion process appears to be helped or even carried out by symbiotic bacteria. Investigators in the 1940s and -50s isolated pure cultures of bacteria from the digestive tract of the medicinal leech. While most digestive tracts are colonized by complex mixture of microbes, in the digestive tract of the medicinal leech, only one symbiont is found. Initial biochemical characterization suggested that the symbiont was Aeromonas hydrophila XE "Aeromonas hydrophila: ectoparasites, leeches and bacterial symbionts" .  Since these studies the Aeromonas taxonomy has undergone many changes. Biochemical tests and 16S rRNA sequencing  showed that the symbiont is A. veronii biovar sobria XE "Aeromonas veronii biovar sobria: ectoparasites, leeches and bacterial symbionts" . This bacterium has been implicated in wound infections, diarrhoea and septicemia. These infections usually can be prevented and treated by the administration of antibiotics. In patients with a normal immune response and sufficient blood flow to the site of attachment, the therapeutic application of the medicinal leech is considered to be safe. Leeches have been increasingly used in microsurgery without widely reported infection problems. The continued bleeding following leech therapy rinses out the wound and may be an important factor diminishing the probablility of wound infection in the patient. 

*

Investigators proposed several functions in which the symbionts may benefit the host. 

· The symbionts may digest the ingested blood. Aeromonas is well known to produce numerous extracellular enzymes. However, despite the ability of the symbionts to lyse erythrocytes (beta-haemolysis), the ingested blood cells are stored intact for many months, suggesting that haemolytic ability of Aeromonas is inhibited. More recently, it was shown that the host releases proteases into the lumen of the digestive tract where the actual digestion takes place. 

· The nutritious quality of blood is poor, e.g. it contains very low amount of vitamin B12. It is possible that the symbionts serve as a source of nutrients to the host. 

· Because it is so unusual to find a single species of bacteria in the digestive tract and early in vitro results suggested that Aeromonas can inhibit the proliferation of other bacteria, it has been proposed that the symbionts prevent the growth of non-symbiotic bacteria in the crop. However, there is little experimental evidence supporting any of these beneficial functions. 

*

How does the leech acquire its symbiont? Leeches are simultaneous hermaphrodites (both male and female at the same time), but they do not self-fertilise. After internal fertilization, the leech secretes a cocoon, that contains several individual eggs. It is likely that during this deposition the symbionts are transmitted from the parent to a nutritious fluid bathing the eggs in the cocoon. After the juveniles hatch from the egg, they remain for some time within the cocoon and consume the nutritious fluid, possibly acquiring the symbionts at this time. When the juvenile leeches leave the cocoon, they are functional, but they cannot bite yet through mammalian skin. It is thought that their first blood meal is from an amphibian. 

9.4 Leeches, medical applications

Hirudo medicinalis XE "Hirudo medicinalis: ectoparasites, leeches, medical applications"  or the medicinal leech is still used for medical purposes. At present its use in reconstructive microsurgery is studied, for example for decongestion, anticoagulation and vasodilatation in a newly re-attached finger or ear. Hirudin XE "Hirudin: ectoparasites, leeches, medical applications"  is a 65-amino acid polypeptide, a direct thrombin inhibitor which is not dependent upon antithrombin III or other plasma proteins. [Heparin is antithrombin III-dependent].  The genetic-recombinant hirudin analogues desirudin XE "Desirudin: ectoparasites, leeches, medical applications"  and lepirudin XE "Lepirudin: ectoparasites, leeches, medical applications"  (HBW-023) are polypeptide-anticoagulantia which are being studied for possible medical applications, such as heparin-associated thrombocytopenia, deep venous thrombosis, thrombo-embolic disorders, myocardial infarction, angina pectoris and as adjuncts in angioplasty procedures. Bivalirudin is another hirudin-analogue under investigation.

Hirudin is commonly used as an anticoagulant for the treatment of thrombosis in patients with heparin-induced thrombocytopenia. Hirudin treatment should be monitored with the PTT. The usual therapeutic dose of hirudin in patients with normal kidney function is 0.4 mg/kg intravenous bolus followed by 0.15 mg/kg/hour continuous intravenous infusion. The dose has to be significantly reduced when the creatinine is >1.6 mg/dL.

9.5 Leeches, symptoms and treatment

Aquatic species can attach to the conjunctiva, nose, nasopharynx, vagina and urethra. When they attach themselves to the epiglottis, trachea or bronchi, serious complications are likely. Internal bleeding, haemophthysis, chronic headache, dysphagia and hoarseness occur. As a rule, the leech itself does not transmit any pathogens, but wounds can become secondarily infected. Aeromonas infections can occur, but are rare. Following repeated bites, hypersensitivity can occur. Removal of a leech can be facilitated by applying a little alcohol or vinegar. If necessary, a burning cigarette may be held near the parasite. No attempt should be made to remove the animals rapidly because the jaws can remain behind. The leeches can be loosened by local application of cocaine or lidocaine. They are removed carefully with a forceps, using a laryngoscope or endoscope. After wound cleaning, local pressure should be applied to stem the bleeding. The bleeding tendency can persist for many hours, sometimes even up to 2 days. This illustrates the power of the animal’s anticoagulantia. For prevention, protective clothing should be worn. A repellent, such as dimethyl phthalate or dibutyl phthalate, may be applied.

9.6 Leeches, examples of species

· Dinobdella ferox XE "Dinobdella ferox: ectoparasites, leeches" 
· Haemadipsa zelanica XE "Haemadipsa zelanica: ectoparasites, leeches" , H. sylvestris XE "Haemadipsa sylvestris: ectoparasites, leeches" , H. picta XE "Haemadipsa picta: ectoparasites, leeches" 
· Haementeria ghilianii XE "Haementeria ghilianii: ectoparasites, leeches"  (Amazon leech) 

· Hirudinaria manillensis XE "Hirudinaria manillensis: ectoparasites, leeches"  (Asian medicinal leech)

· Hirudo medicinalis XE "Hirudo medicinalis: ectoparasites, leeches"  (European medicinal leech)

· Limnatis nilotica XE "Limnatis nilotica: ectoparasites, leeches"  and L. maculosa XE "Limnatis maculosa: ectoparasites, leeches" 
· Macrobdella decora XE "Macrobdella decora: ectoparasites, leeches" 
· Myxobdella africana XE "Myxobdella africana: ectoparasites, leeches" 
· Phytobdella catenifera XE "Phytobdella catenifera:ectoparasites, leeches"  

