Snakes

1 Summary XE "Snakes: summary" 
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· Not all snakes are venomous 

· Often dry bites by venomous snakes

· Classification important for symptoms and treatment

· Vipers: primarily haemorrhages and necrosis

· Elapids: primarily paralysis and necrosis

· No arterial tourniquet 

· Pressure-immobilisation technique during transport (neurotoxic snakes)

· Antivenom if symptoms of envenomation 

· Neostigmine + Atropine if paralysis 

· Importance of potential side effects of antivenom (anaphylaxis, serum sickness)

2 Description XE "Snakes: description" 
2.1 Description, general
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Herpetology is the study of snakes. There are around 2700 snake species, including around 375 venomous snakes with medical relevance. Of the latter, around 200 are potentially lethal. The biotopes vary greatly: from the arctic circle to the equator, and from sea level to 5000 m in elevation. Venomous snakes are not found in Chile, Madagascar, New Zealand, Hawaii and New Caledonia. In Belgium there are a very small number of indigenous vipers (Vipera berus), ringed snakes (Natrix natrix XE "Natrix natrix: snakes, description, general"  or grass snake) and smooth snakes (Coronella austriaca XE "Coronella austriaca: snakes, description, general" ). The last two snakes are not venomous.

*

Snakes are quasi-cylindrical reptiles without limbs. They move using a concertina movement, rectilinear, curvilinear, via "sidewinding" or by a combination of these methods. Some species possess a vestigial pelvic girdle, sometimes with vestigial external spurs, as with boas and pythons. The heart has one ventricle and two atria. The left lung is atrophic, except in boas. The right lung can have an extension in the throat, which is important for the animal because there is airway compression when it swallows large prey. In general, the length of the lung is about one-half of the total body length. The posterior half of the lung can serve as a reservoir while the front part is compressed. In reptiles, the nostrils come out in the mouth cavity, right behind the teeth. They can breathe through their mouth if it is empty. A full mouth blocks respiration. They can tolerate apnea for a fairly long time, because as poikilothermic animals they have a rather low oxygen demand. By exhaling quickly some snakes can produce a hissing noise (cf. the puff adder). Distinguishing between male and female snakes is not easy. To do so it is necessary to examine the cloaca and determine the presence or absence of two hemipenes. There are both oviparous and viviparous species. After birth, the new-born venomous snakes already possess a supply of venom. 

2.2 Description, scales and colour 
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The entire skin is covered with scales. Each eye is covered with an immobile, transparent scale. The animals have no eyelids. Blinking snakes only exist in Hollywood. All snakes shed their skin from time to time (ecdysis), e.g. several days before laying eggs or after trauma. Before moulting, the eyes have a somewhat milky appearance, and the snake will be virtually blind. In this condition the snake probably feels quickly treatened and tends to bite more easily. Freshly shed skin has a moist-greasy feel (never slimy). The skin dries after several hours. The scales can be smooth or display a central lengthwise ridge or "keel". Some snakes (e.g. Echis carinatus) can make a warning noise by rubbing the scales over one another. All snakes have 1 row of ventral scales on the belly. In some species, the scales form small horns on the skull, e.g. Cerastes cerastes (North African desert horned viper with protuberances above the eyes), Vipera ammodytes XE "Vipera ammodytes: snakes, description"  (European horned viper), Agkistrodon acutus XE "Agkistrodon acutus: snakes, description, general"  ("sharp-nosed viper") and Bitis nasicornis (rhinoceros viper). Yet here too there are variations. The colour of the animals can vary within a given species, and sometimes there is sexual dimorphism. A snake can sometimes change colour over the course of its lifetime (juvenile specimens are generally lighter coloured). Colour descriptions are thus always relative. Colours develop through the presence of pigments, through optical interference (iridescence), and through the Tyndall light scattering effect, i.e. dispersion of light by small intracellular particles (iridophores) composed of purine crystals. Albino, anerythristic, melanotic and amelanotic animals are found, but are not very common in nature.

*

The colour patterns have a specific function in helping the animal survive. Many snakes are cryptically coloured and their colour corresponds to that of their natural environment, making them less easily noticed by their prey or a predator. Stripes and/or spots can act as a camouflage, breaking up the visual outline against the surroundings. Countershading (belly lighter than back) make the animal more difficult to see. A harmless snake can imitate a venomous one when both live in the same environment, i.e. Batesian mimicry (1861, Henry Walter Bates, English naturalist). In this way predators avoid the snake, if they have learned earlier that an animal with such coloration is dangerous. We find a typical example of this in coral snakes (Micrurus sp., venomous) and some colubrids (e.g. Lampropeltis sp., not venomous). Müllerian mimicry also occurs in animals (1878, Fritz Müller, German zoologist), whereby two species resemble one another, to the benefit of both. However this phenomenon is more common among insects. A variant of Batesian mimicry is Mertensian mimicry, in which a non-venomous animal resembles a moderately poisonous instead of a highly venomous one. The idea is that a predator will more easily survive a contact with a moderately venomous animal than with a highly venomous animal. A learning process is thus stimulated, without being punished by death. Naive predators will then be less common, which benefits the prey.

2.3 Description, heat sensors and Jacobson´s organ
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Most snakes have poor hearing and limited visual acuity. By contrast, in the roof of their mouth they possess an extremely sensitive organ, known as a Jacobson´s organ. It consists of two openings lined with sensory cells. The animal flicks out its forked tongue and brings it back into the mouth, inserting the tips into the two openings of Jacobson´s organ. The tongue brings molecules from the environment into the organ. In this way the snake can sense its environment. Pit vipers possess heat-sensitive sensors in small pits located between nostrils and eyes. Pythons and some boas also have such sensors, located on their lip scales. Snakes are very good at perceiving vibrations, e.g. of the ground. Some people use this as a means of prevention, by regularly beating a stick on the ground in front of them when they walk in an area with venomous snakes.

2.4 Description, eyes

Given that practically all snakes lack a retinal fovea, their visual acuity is generally limited. Some tree snakes have rather good sight. The eye contains a non-deformable lens which can be moved forwards and backwards to bring objects into focus. The pupil can be round, oval or slit-shaped. Slit-shaped pupils are customary in nocturnal predators. During the day the slit keeps most of the light out and the retina is not overloaded. At night the iris dilates. This is done more easily with slit-shaped pupils than with round pupils. A thin slit 5 mm long has a circumference of 10 mm. When it dilates to a circle 5 mm in diameter the circumference (16 mm) has increased by a factor of only 1.6. By contrast, when a round iris of 1 mm in diameter has to dilate to a circle 5 mm in diameter, there is a fivefold increase of the circumference, which is mechanically more of a burden for the small iris muscles. A small iris diameter improves the resolution (perpendicular to the slit). Given that they often hunt small animals which move horizontally over the ground, a vertical slit-shaped pupil may give the snake the best sight to e.g. spot a scurrying mouse. This advantage disappears at night, however.

2.5 Description, food and body heat 

All snakes are carnivorous. Because they do not have to continually maintain their body at a constant temperature, their food intake requirement is a good deal lower than that of warm-blooded animals. The diet differs from species to species and includes snails, earthworms, insects, eggs, lizards, frogs, fish, rodents or other snakes. Most snakes defecate only rarely. Because chronic "constipation" is most pronounced among sit-and-wait predators – animals for which body weight is of great importance – some people assume that these snakes make good use of the extra weight (3 to 22% of their body weight is faecal material). These animals lie still on the ground and use their heavy intestine as a counterweight in order to be able to strike more quickly with the mouth. Most snakes drink water from time to time. Snakes are ectothermic and prefer one particular temperature. Since the environment of the snake is so important for the animal, it is not unusual for a snake to lie at night on a path or road, where the temperature is somewhat higher than in nearby vegetation. Obviously this increases the chances of an accidental bite being suffered by a nighttime walker. In order to conserve heat, they can roll themselves up (small surface/weight ratio). This is also important to limit transcutaneous loss of water. In cold regions snakes can hibernate, individually or in a group. Since snakes do not have to use energy to continually generate heat, but only require food for homeostasis, movement, growth and reproduction, they can get by with very little food. Due to their low metabolism, they cannot maintain a major effort (e.g. pursuit of prey) for a very long time. In this case, they rapidly develop an oxygen deficit. Many snakes have a limited territory. After having bitten somebody, a snake can generally be found within a rather small radius around the site of the incident, even after several hours.

2.6 Description, venom gland
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Colubrids have a modified salivary gland (Duvernoy´s gland), which discharges near the fangs at the rear of the mouth. The venom is slowly introduced into the prey via capillary action. Therefore, in order to get sufficient venom into the tissues, a long contact period is necessary. However, this occurs only exceptionally in humans. This explains why most bites by colubrids are harmless. This also explains why occasionally envenomations are described by snakes that traditionally are regarded as non-venomous. In elapids and vipers, by contrast, the venom glands consist of the uppermost labial salivary glands. They can be actively emptied by the musculus constrictor glandulae, so that the animals can actively and very quickly inject venom, or even spit venom (several metres). Accessory venom glands are present in some snakes. Venom evolved before fangs, and even snakes without highly evolved fangs have potent venom. This explains why so many "harmless" snakes can be venomous. They are not necessarily dangerous to humans, but they have enough venom to kill their ordinary prey.

2.7 Description, jaws and teeth

A snake skull is complex. There are numerous small bones and ligaments. The bones of the upper and lower jaw are muscularly and elastically connected with one another and with the skull. The left and right sides of the jaws can move independently of one another. This makes it possible to swallow large prey, yet the animals cannot chew. Snakes have no sternum, so that a large ingested prey does not constitute a mechanical obstacle when it is being swallowed (some prey have a diameter which is greater than the resting diameter of the snake).
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*

On the lower jaw of a snake there are small teeth on the os dentale ("teeth bone"). In the upper part of the mouth a double row of teeth is present. There is a lateral row on the maxilla and a medial row on the os palatinum and on the pterygoid bone. These small teeth curve backwards, making it more difficult for a prey to escape. In vipers the fangs are joined to the maxillae. The upper jaw of vipers can rotate vis-à-vis the prefrontal bone. This makes it possible for the fangs to be folded backwards when the mouth is closed. When the animal strikes, the maxillae rotate so that the fangs unfold forwards and can be used to bite. In all other snakes the maxillae and the fangs are immobile. Reserve fangs are brought into functional position before the old fangs fall out. Therefore a bite wound can display 1 to 4 fang marks. The puncture wounds are spaced from 5 to 40 mm apart and are 1 to 8 mm deep (even deeper in case of a bite by a gaboon viper).

*

In snakes, the teeth are not so firmly attached to the top/inner side of the jawbones (so-called "pleurodont dentition"). This makes it possible for the teeth to be easily replaced throughout a snake´s lifetime. The teeth break off easily. This influences the biting behaviour. Thus vipers bite, inject venom and release again in rapid succession, because a struggling prey could cause injury or break the teeth. 

*

Note: temporomandibular joint

A temporomandibular joint is a purely mammalian characteristic that is not found in snakes. In snakes, the joint between lower and upper jaw is formed by the os articulare at the bottom and the os quadratum (quadrate bone) at the top. In vipers, this joint is strongly laterally positioned, giving the head a triangular appearance. In the course of evolution, the small bones of this joint have received another purpose. Snakes have only 1 middle ear bone, the stapes (stirrup). Mammals, by contrast, have 3 middle ear bones. The hammer (malleus) and the anvil (incus) are phylogenetically derived from the os articulare and the os quadratum. The difference in origin is also expressed ontogenetically in the mammalian embryo. Embryologically the mandibula, malleus and incus derive from the 1st gill arch and the stapes derives from the 2nd gill arch. Marsupials are phylogenetically primitive compared to placental mammals. In the immediate postnatal period, when the newborn marsupials are still in the pouch, the incus and the malleus still have a role comparable to the articular and the quadrate bone. During this period, the young suck, they do not chew. When the animals leave the pouch, the bones separate from the lower jaw and penetrate into the middle ear.

*

Note: Infections transferred via snakes:
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Pythons can be infested by tongue worms (Pentastomida) such as Armillifer armillatus XE "Armillifer armillatus: snakes, infections transferred via snakes"  in Africa or A. moniliformis XE "Armillifer moniliformis: snakes, infections transferred via snakes"  in Asia. These parasites live in the lungs of the reptiles. The eggs in the snake’s sputum can infect human beings, e.g. through contamination of drinking water or when a snake is prepared as food. Porocephalosis (syn. pentastomiasis) is the result. In general, infection leads to asymptomatic crescent-shaped calcifications in the abdomen. Living parasites are rarely found elsewhere (e.g. subconjunctival). Gnatostomiasis (infection with the nematode Gnathostoma spinigerum) can also follow consumption of undercooked snake meat. A larva migrans syndrome or a very serious eosinophilic meningo-encephalitis can then develop. Spirometra sp. can be transferred via snakes (also via frogs) and cause sparganosis, whereby the immature cestode can be found in the eye. These worms can survive for up to nine years in human beings.

3 Taxonomy XE "Snakes: taxonomy" 
3.1 Taxonomy, introduction

The classification is important because a certain correlation exists between snake family and pathology. This correlation is not absolute. Studying the fangs in the mouth of a dead snake which has been brought in can help determine the treatment. However, it is better to be cautious when doing this (the bite reflex can continue for over 1 hour after death even after decapitation). It can be useful to have on hand a number of photos or a poster illustrating most of the snakes in the surrounding area. On the basis of these pictures, a patient can sometimes indicate which animal has bitten him or her. [Other characteristics such as the scale structures are also useful for identification, yet fall within the area of the specialist. Thus, in the Colubridae the eye scale touches the upper lid shields, while in Viperidae the eye is separated by at least one row of scales from the upper lid shields.]

3.2 Taxonomy, vipers (Viperidae)

3.2.1 General

Vipers and pit vipers have very long hollow fangs in the front of the mouth. These animals are so-called solenoglypha ("solen" = tube; "glypha" = tooth). When the mouth is closed the fangs lie folded up against the roof of the mouth. Behind the fangs is a diastema (space without teeth). Vipers are slow, heavy snakes and are generally "sit-and-wait" predators. In order to move they generally push themselves flat over the ground. Venomous European vipers have vertical pupils. Non-venomous snakes in Europe have round pupils. There are no native vipers in the New World (however, there are pit-vipers). 

3.2.2 Daboia russelli XE "Daboia russelli: snakes, taxonomy, Viperidae"  
Russell´s viper (Daboia russelli = Vipera russelli = "tic-polonga" XE "Vipera russelli: snakes, taxonomy, Viperidae" ) is one of the most dangerous Asian snakes. It can hiss loudly through its large nostrils. It is quite long (up to 150 cm), has a heavy, muscular body with a thin tail and a characteristic colour pattern ("chain viper"), composed of oval-shaped rings on the back and flanks. This nocturnal animal is often lethargic and will avoid dense jungle. Five subspecies can be distinguished: D.r.russelli XE "Daboia russelli russelli: snakes, taxonomy, Viperidae"  in India, D.r.pulchella XE "Daboia russelli pulchella: snakes, taxonomy, Viperidae"  in Sri Lanka, D.r.siamensis in Southeast Asia (i.e. Burma, Thailand and continental China), D.r.formosensis XE "Daboia russelli formosensis: snakes, taxonomy, Viperidae"  in Taiwan and D.r.limitis XE "Daboia russelli limitis: snakes, taxonomy, Viperidae"  in Indonesia. This is important, because antivenom from another country is often not effective on the local subspecies. The symptomatology too will depend on the subspecies: pituitary haemorrhages and chemosis in Burma and southern India, anticholinesterase-resistant neurotoxicity in India and Sri Lanka, haemorrhages with all subspecies. Sometimes the animals are confused with harmless snakes such as Python sp., Eryx conicus, Spaleropsis diadema in India and Boiga multimaculata and Oligodon cyclurus in Thailand. Females produce 20-60 live young around June-July (India and Burma). The young snakes measure 11-25 cm and are cannibalistic. Bites by these animals display strikingly few local signs, yet can give rise to neurotoxic effects (this is exceptional among vipers).

3.2.3 Bitis arietans 

The puff adder (Bitis arietans XE "Bitis arietans: snakes, taxonomy, Viperidae" , la vipère heurtante) gives rise to considerable uneasiness in Africa. This large snake has a wide diameter and gets its name from the noise that it sometimes produces. It can be recognised by the black-grey chevrons along its back. They can strike very quickly. In Northern Kenya and Somalia there is a particular subspecies (Bitis arietans somalica XE "Bitis arietans somalica: snakes, taxonomy, Viperidae" ). The snake is ovoviviparous and once a year gives birth to around 50 young, 15-20 cm long, which are already dangerous at birth.

3.2.4 Bitis nasicornis XE "Bitis nasicornis: snakes, taxonomy, Viperidae"  
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Bitis nasicornis ("Rhinoceros viper") is an African viper with a beautiful scale pattern and two characteristic small horns on the tip of its snout. The animal often has hues of carmine, olive green, violet, brown and purple. On the skull there is often a black triangular spot with the point directed forwards. The snake measures an average of 70 to 80 cm.

3.2.5 Vipera lebetina XE "Vipera lebetina: snakes, taxonomy, Viperidae" 
This snake is sometimes called the "levantine viper" or the "blunt nosed viper". The animals are found in the Mediterranean area, the Middle East and in northern Africa. Antivenom against these animals is sometimes included in polyvalent antisera. The venom contains among other substances one that causes a specific activation of blood coagulation factor V. A similar substance is found in the venom of Russell´s viper. Other vipers in the Middle East include the V. xanthina XE "Vipera xanthina: snakes, taxonomy, Viperidae" , V. palestinae XE "Vipera palestinae: snakes, taxonomy, Viperidae"  and Cerastes species. 

3.2.6 Cerastes cerastes XE "Cerastes cerastes: snakes, taxonomy, Viperidae" 
Cerastes cerastes is also known as the Desert horned viper. This viper often has very typical small horns above the eyes. They sometimes lie burrowed in the sand and they are quite well camouflaged. They can produce a rasping warning noise by rubbing their scales over one another. Side-winding is a typical way of moving. A related species is Cerastes vipera XE "Cerastes vipera: snakes, taxonomy, Viperidae"  (Avicenna viper).

3.2.7 Vipera berus (Common viper or adder)

The common viper is known as Vipera berus XE "Vipera berus berus: snakes, taxonomy, Viperidae" . A nocturnal animal with a zigzag band running from the neck to the tip of the tail. Variable colour. To be distinguished from Vipera ammodytes XE "Vipera ammodytes: snakes, taxonomy, Viperidae"  (sand viper or long-nosed viper) by the fact that the latter has a protuberance on the snout. It can be mistaken for two other European vipers, Vipera aspis XE "Vipera aspis: snakes, taxonomy, Viperidae"  and Vipera latastei XE "Vipera latastei: snakes, taxonomy, Viperidae"  (Lataste´s viper). 

3.2.8 Bitis gabonica 
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The gaboon viper is a long (up to 150 cm), powerful African snake with a wide diameter and often with white-black geometrical scale patterns. The head is white on the top and the snake often has one or two black triangles on the side of the skull. A West African subspecies (Bitis gabonica rhinoceros XE "Bitis gabonica rhinoceros: snakes, taxonomy, Viperidae" ) has small horns and might be confused with Bitis nasicornis. The snake chooses a wooded environment and is generally exceptionally well camouflaged in the leaves on the ground. It is not a particularly aggressive animal, yet it poses a considerable risk given its size (averaging 5 kg) and the length of its fangs (easily 4 cm).

3.2.9 Echis carinatus XE "Echis carinatus: snakes, taxonomy, Viperidae"  complex 

The saw-scaled vipers are among the most important venomous snakes in the world, since it is estimated that they are responsible for 50% of the global mortality caused by snakes. Echis carinatus XE "Echis carinatus: snakes, taxonomy, Viperidae"  actually forms a species complex: Echis coloratus XE "Echis coloratus: snakes, taxonomy, Viperidae"  (carpet viper), E. ocellatus XE "Echis ocellatus: snakes, taxonomy, Viperidae" , E. leucogaster XE "Echis leucogaster: snakes, taxonomy, Viperidae" , E. pyramidum XE "Echis pyramidum: snakes, taxonomy, Viperidae" , E. multisquamatus XE "Echis multisquamatus: snakes, taxonomy, Viperidae" ). These are small, thin creatures. The snakes generally measure only 50-60 cm, rarely up to 80 cm. They can be red, brown, grey or olive-coloured with small light spots on the back. There are chevrons (V-shaped marks) on the flanks. An arrow is sometimes visible on top of the head. Dasypeltis sp. (egg-eating snakes) can look a great deal like Echis sp.
3.2.10 Causus sp. 

Causus rhombeatus XE "Causus rhombeatus: snakes, taxonomy, Viperidae" , C. maculatus XE "Causus maculatus: snakes, taxonomy, Viperidae"  and other related species known as night adders cause severe pathology, although bites are quite rare. Antivenom against these animals is included in some polyvalent antivenom-cocktails.

3.3 Taxonomy, pit vipers (Crotalidae)

3.3.1 General

The pit vipers or Crotalidae get their name from the presence of two pits at the front of the head, about halfway between the eyes and the nostrils. These contain infrared sensors with which the animal can better locate its prey. Besides the heat-sensitive pits in the maxillae, a triangular head, vertical pupils and simple subcaudal scales are characteristic for the Crotalidae. By contrast, coral snakes (North American elapids) and non-venomous North American snakes have a double row of scales behind the anal plate. 

3.3.2 Agkistrodon sp.
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Agkistrodon sp. are found in both the New and the Old World. For example, there is a high risk of bites from Agkistrodon halys XE "Agkistrodon halys: snakes, taxonomy, Crotalidae"  in Iran and the small snake Agkistrodon blomhoffii XE "Agkistrodon blomhoffii: snakes, taxonomy, Crotalidae"  is known as mamushi in the Far East. Agkistrodon piscivorus XE "Agkistrodon piscivorus: snakes, taxonomy, Crotalidae"  is the North American semi-aquatic "cottonmouth water moccasin", a pit viper. This snake intimidates a potential enemy by opening its characteristic white mouth. Agkistrodon contortrix XE "Agkistrodon contortrix: snakes, taxonomy, Crotalidae"  or copperhead is an American pit viper. Its bite can have serious consequences. Fortunately, cases are fairly infrequent. 

3.3.3 Crotalus sp.
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Rattlesnakes belong to the genus Crotalus and Sistrurus. [Sistrurus sp. XE "Sistrurus sp. : snakes, taxonomy, Crotalidae"  include pygmy rattlesnakes and the so-called "massasaugas"]. When a rattlesnake administers a venomous bite to a human being, it injects 25-75% of its venom. It takes on average 3 weeks for the venom supply to be entirely replenished. The most frequently bitten people are drunken young men harassing a snake. Rattlesnakes have a typical tail structure. The rattle is found in both Crotalus and Sistrurus species. Only one species of rattlesnake does not have a rattle (species living on an isolated island). Every time the snake moults, an extra shackle is added to the rattle. The age of the snake cannot be reliably determined by the number of rings, since they moult 1 to 4 times per year. The rattle is used when the snake feels threatened. In this situation, the snake will raise its head and front part of the body, as well as the rattle and hold the body in an S-shape, ready to strike. The sound frequency and timbre of the rattle are partly determined by the size and the body temperature of the animal. Thus, at 10°C the frequency is 62 Hz which increases to over 200 Hz at 35°C. Warm snakes are substantially faster in their movements than cold ones. The warning of the rattle is thus frequency-coded for their natural enemies (the louder it is and the deeper its timbre, the more dangerous). The North American Crotalus cerastes XE "Crotalus cerastes: snakes, taxonomy, Crotalidae"  is also called the "sidewinder", referring to the way it moves. There are several desert snakes which demonstrate this behaviour (e.g. the African viper Bitis peringueyi and the desert horned viper). 

3.3.4 Lachesis

The notorious South American bushmaster or Lachesis muta XE "Lachesis muta: snakes, taxonomy, Crotalidae"  borrows its name from one of the three Moirai or Greek Fates, all three daughters of Zeus and Themis (Clotho who spins the thread of life, Lachesis who determines its length, and Atropos who cuts it). Lachesis muta is a rather rare, long (over 2 metres is nothing exceptional), often grey-brown snake with a diamond-shaped pattern on the back and flanks. Reddish-brown and yellow-brown forms are also found. Often there is a dark stripe from the eye to the corner of the mouth. The tip of the tail can be quickly shaken back and forth, but the animal does not have a real rattle like a rattlesnake. The animal has a characteristic, very rough median dorsal row of scales. It is the only oviparous pit viper in South and Central America. 

3.3.5 Bothrops sp., Lance-head pit vipers
Bothrops atrox also known as the Fer-de-lance. Its name comes from the sharp triangular head (like the point of a lance). Sometimes other Bothrops sp. are also called "Fer-de-lance", leading to confusion. Bothrops asper XE "Bothrops asper: snakes, taxonomy, Crotalidae" , a related snake, sometimes receives the popular name terciopelo (Sp. "velvet"). Bothrops atrox XE "Bothrops atrox: snakes, taxonomy, Crotalidae"  is found in Central and South America. The colour is often grey-brown or reddish-brown, there are often dark cross bands and the tail can be yellowish. Full-grown animals are around 150 cm long. It is responsible for numerous bites in Latin America.

3.3.6 Calloselasma rhodostoma XE "Calloselasma rhodostoma: snakes, taxonomy, Crotalidae" 
Malayan pit vipers are feared in endemic areas and are responsible for a large number of bites. It is a very important asian snake.

3.3.7 Trimeresurus sp

These snakes are also known as habu's, asian lanceheads, green pit vipers or as bamboo pit vipers. Often they live in trees, which can be important information for the doctor (Russell´s vipers do not live in trees). They are found in Asia. Popular names are often used, but can be confusing. So is Agkistrodon rhodostoma known as the Malayan Green Pit Viper. Trimeresurus popeiorum is known as Pope's Pit Viper. Trimeresurus albolabris is known as the White Lipped Tree Viper. Trimeresurus gramineus and T. stejnegeri are other well known species. 

White-lipped tree viper 
Trimeresurus albolabris XE "Trimeresurus albolabris: snakes, taxonomy, Crotalidae" 

Habu 
Trimeresurus flavoviridis XE "Trimeresurus flavoviridis" 

Green tree viper 
Trimeresurus gramineus XE "Trimeresurus gramineus: snakes, taxonomy, Crotalidae" 

Chinese mountain viper 
Trimeresurus monticola XE "Trimeresurus monticola: snakes, taxonomy, Crotalidae" 

Chinese habu 
Trimeresurus mucrosquamatus XE "Trimeresurus mucrosquamatus: snakes, taxonomy, Crotalidae" 

Himehabu 
Trimeresurus okinavensis XE "Trimeresurus okinavensis: snakes, taxonomy, Crotalidae" 

Pope's tree viper 
Trimeresurus popeiorum XE "Trimeresurus popeiorum: snakes, taxonomy, Crotalidae" 

Mangrove pit viper 
Trimeresurus purpureomaculatus XE "Trimeresurus purpureomaculatus: snakes, taxonomy, Crotalidae" 

Chinese green tree viper 
Trimeresurus stejnegeri XE "Trimeresurus stejnegeri: snakes, taxonomy, Crotalidae" 

Wagler's pit viper 
Trimeresurus wagleri XE "Trimeresurus wagleri: snakes, taxonomy, Crotalidae" 

3.3.8 Bothriechis sp. XE "Bothriechis sp. : snakes, taxonomy, Crotalidae" 
Palm vipers. Dangerous bites by these animals are very rare.

3.4 Taxonomy, burrowing vipers or Atractaspididae

These animals (mole vipers or burrowing vipers) were earlier classified among the Viperidae, but currently form a separate family with over 50 species. They are primarily found in Africa. They are rather small animals, although some individuals can be as long as 1 metre. They live primarily underground. They are oviparous and lay 2-11 eggs. Bites are rare, but can have serious consequences. In Atractaspis sp. XE "Atractaspis sp. : snakes, taxonomy, Crotalidae"  the fangs are joined to the very short maxilla, but the other teeth are largely atrophic. The maxillae, the frontal bone and prefrontal bone are connected via a complex articulation and the hollow fangs can be moved sideways, even without opening the mouth. In Africa they are imitated by Calamelaps XE "Calamelaps sp. : snakes, taxonomy, Crotalidae" , a harmless colubrid. The venom of Atractaspis engaddensis XE "Atractaspis engaddensis: snakes, taxonomy, Crotalidae"  contains an extremely powerful cardiotoxin, the so-called "sarafotoxin", a word deriving from the Hebrew name of the animal, "Saraf ´En Gedi". 

3.5 Taxonomy, Elapidae

This family includes the cobras, mambas, kraits and coral snakes. The venom produces primarily local necrosis and paralysis. Elapids have moderately short, immobile fangs on the maxillae, at the front of the mouth (proteroglypha) ["protero" = in front]. They cannot be folded backwards as in vipers. Often these snakes have small teeth behind the fangs and sometimes there is a small diastema. 

3.5.1 Cobras

A cobra often raises its head and neck when it is threatened. The animals are characterised by the typical "hood", the widening of the neck caused by spreading its cervical ribs when threatened. With the Indian cobra (Naja naja naja XE "Naja naja naja: snakes, taxonomy, Elapidae" ) the typical dorsal "glasses" thus become visible (spectacled snake). Another cobra is the “monocellate cobra” (Naja kaouthia) which displays just a single circle on its neck. The false cobra (Malpolon moilensis XE "Malpolon moilensis: snakes, taxonomy, Elapidae, imitation" ) is a harmless colubrid and mimics the hood of a cobra. The small snake Heterodon platyrhinus XE "Heterodon platyrhinus: snakes, taxonomy, Elapidae, imitation"  ("hog-nosed snake") also imitates the spread neck of a cobra when it feels threatened. The king cobra (Ophiophagus hannah XE "Ophiophagus hannah: snakes, taxonomy, Elapidae" ) is a very large Asian elapid, often grey or black, with transverse white or yellow stripes on the back. Some call this animal the “hamadryad” (Gr. "tree nymph"). This snake typically eats other snakes. Cobras have religious significance in India and in some other countries. There is some confusion about the taxonomy of the Asian cobras. Within a given population the snakes can vary widely in appearance. Taxonomists seek to solve this through multivariate analysis of morphological (phenotypical) characteristics and via mitochondrial DNA analysis. The modern nomenclature of these animals: 

Naja atra XE "Naja atra: snakes, taxonomy, Elapidae" 
Chinese cobra

Naja kaouthia XE "Naja kaouthia: snakes, taxonomy, Elapidae" 
Monocellate cobra

Naja naja
Indian spectacled snake

Naja oxiana XE "Naja oxiana: snakes, taxonomy, Elapidae" 
Central Asian cobra or Oxus cobra

Naja philippinensis XE "Naja philippinensis: snakes, taxonomy, Elapidae" 
Northern Philippine cobra

Naja sagittifera XE "Naja sagittifera: snakes, taxonomy, Elapidae" 
Andaman cobra

Naja samarensis XE "Naja samarensis: snakes, taxonomy, Elapidae" 
Southeastern Philippine cobra or Visayan cobra

Naja siamensis XE "Naja siamensis: snakes, taxonomy, Elapidae" 
Indochinese spitting cobra

Naja sputatrix XE "Naja sputatrix: snakes, taxonomy, Elapidae" 
South Indonesian spitting cobra

Naja sumatrana
Equatorial spitting cobra

The geographical distribution zones of a number of these animals overlap with one another, yet in large areas only a single type is found, which facilitates "field work". Overlapping is found with: 

· Naja kaouthia and N. siamensis in Thailand, Cambodia, Vietnam

· Naja kaouthia and N. sumatrana in northern Malaysia and southern Thailand

· Naja kaouthia and N. naja in northeast India

· Naja naja and N. oxiana in northwest India and Pakistan
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*

In Africa there are also various cobras. Naja nivea XE "Naja nivea: snakes, taxonomy, Elapidae"  (Cape cobra), Naja melanoleuca XE "Naja melanoleuca: snakes, taxonomy, Elapidae"  (forest cobra), Naja mossambica (Mozambique cobra), Naja nigricollis woodi XE "Naja nigricollis woodi: snakes, taxonomy, Elapidae"  (black-necked spitting cobra), Naja nigricollis nigricincta XE "Naja nigricollis nigricincta: snakes, taxonomy, Elapidae"  (zebra cobra), Naja pallida (African red spitting cobra), are common snakes in Africa. The rinkhals (Hemachatus haemachatus XE "Hemachatus haemachatus: snakes, taxonomy, Elapidae" ) [watch the spelling!] and the Egyptian cobra (Naja haje annulifera XE "Naja haje annulifera: snakes, taxonomy, Elapidae" ) sometimes play dead when they are threatened. Some African and Asian cobras can spit venom: the rinkhals, XE "Hemachatus haemachatus), : snakes, taxonomy, Elapidae"  Naja mossambica XE "Naja mossambica: snakes, taxonomy, Elapidae" , Naja nigricollis XE "Naja nigricollis: snakes, taxonomy, Elapidae" , Naja katiensis XE "Naja katiensis: snakes, taxonomy, Elapidae" , Naja siamensis, Naja pallida XE "Naja pallida: snakes, taxonomy, Elapidae" , Naja sumatrana XE "Naja sumatrana: snakes, taxonomy, Elapidae"  and Naja sputatrix. Their fangs have a small opening which points forward rather than downward.

3.5.2 Coral snakes

Elapids also live in the New World: the coral snakes (Micrurus and Micruroides XE "Micruroides sp. : snakes, taxonomy, Elapidae" ). They often have a beautiful colour pattern. E.g. Micrurus fulvius XE "Micrurus fulvius: snakes, taxonomy, Elapidae" , generally a black snout followed by yellow, black and red bands. Some other snakes (such as Lampropeltis sp.) mimic this pattern. See also above “Batesian mimicry”. A mnemonic device for the colour bands in North America: "red on yellow, kill a fellow; red on black, venom lack". This phrase does not work in other geographical areas, however.

3.5.3 Bungarus sp. : Kraits

Kraits (Bungarus sp.) are found in Asia and have a triangular (cross-section) or a laterolateral flattened body, typical hexagonal median dorsal scales and often a white-black or yellow-black banded pattern. The best known are B. caeruleus XE "Bungarus caeruleus: snakes, taxonomy, Elapidae"  (Indian or common krait), B. candidus XE "Bungarus candidus: snakes, taxonomy, Elapidae"  (Malayan krait), B. multicinctus XE "Bungarus multicinctus: snakes, taxonomy, Elapidae"  (Chinese krait) and B. fasciatus XE "Bungarus fasciatus: snakes, taxonomy, Elapidae"  (banded krait). It is important to distinguish the species. For example, the antivenom against B. fasciatus (alternating yellow and black bands) is completely useless against bites by B. candidus (black saddle-shaped markings and white belly). Often the animals are distinctly passive during the day. At night, however, they are active and they sometimes enter houses and bite. People with krait bites generally experience remarkably little local pain. 

3.5.4 Dendroaspis sp. : Mambas
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Mambas are only found in sub-Saharan Africa. These venomous snakes are notorious. They belong to the genus Dendroaspis: D. polylepis XE "Dendroaspis polylepis: snakes, taxonomy, Elapidae"  (black mamba), D. viridis XE "Dendroaspis viridis: snakes, taxonomy, Elapidae"  (Western green mamba), D. angusticeps XE "Dendroaspis angusticeps: snakes, taxonomy, Elapidae"  (Eastern green mamba) and D. jamesoni XE "Dendroaspis jamesoni: snakes, taxonomy, Elapidae"  (Jameson´s mamba).

3.6 Taxonomy, sea snakes or Hydrophiidae

The taxonomical classification is controversial, but these animals can be classified among the Elapidae or be grouped in their own family. Taxonomically they are broken down into the Hydrophiinae (real sea snakes) and the Laticaudinae (sea kraits). In some taxonomic diagrams these groups get the status of family: Hydrophiidae and Laticaudae. Species belonging to other groups (Homalopsinae, Natricinae, Acrochordidae) do not pose any medical problems. Species belonging to the Laticaudinae lay their eggs on land, but Hydrophiinae are viviparous in the water. [Several less important snakes from other groups have also adapted to living in water: fresh water in ponds and rivers, brackish water in lagoons and estuaries, mangrove forests and seacoasts]. Adult sea snakes vary in length from 50 cm (Hydrelaps darwinensis XE "Hydrelaps darwinensis: snakes, taxonomy, Hydrophiidae" ) to more than two metres (Astrotia stokesii XE "Astrotia stokesii: snakes, taxonomy, Hydrophiidae" , Aipysurus laevis XE "Aipysurus laevis: snakes, taxonomy, Hydrophiidae" , Hydrophis elegans XE "Hydrophis elegans: snakes, taxonomy, Hydrophiidae" ). 

*

Identification is difficult for non-herpetologists. They have immobile fangs in front, just as cobras. Often these fangs are small and cannot penetrate a neoprene diving suit. The animals are morphologically adapted to their environment. The tail is laterally flattened. Laticaudae have broad ventral scales ("gastrostega"), in contrast to the other sea snakes, which have very small fine scales that overlap little or not at all with one another and therefore facilitate swimming backwards and forwards. The spinal column in Hydrophinae is quite weak (they do not use their body to move on land). Snakes have a preference for specific depths and prey. Species that eat all kinds of fish have the same "classical snake" morphology whereas specialised eel eaters, for example, have a small head and a heavy posterior (shaped like a plesiosaurus). The cloaca is hermetically closed when diving. The nostrils have valves to keep the water out. These valves contain spongy, erectile tissue. The nostrils are on top of the snout in the Hydrophiinae, while in the Laticaudae they are more lateral. The position is important and enables the snake to take quick breaths without raising its head out of the water (a dangerous moment, because various birds are major enemies of sea snakes). Sea snakes can easily remain under water for 30 minutes, sometimes for several hours. They have a diurnal cycle, and some snakes sleep underwater. The lung extends to the cloaca and has both a respiratory and a hydrostatic role. It is estimated that around 1/5th of the oxygen demand is absorbed through the skin and that virtually all of the CO2 can be eliminated by this route. Since they are cold-blooded their oxygen demand is 7 times lower than that of a mammal or bird of the same weight. In normal circumstances there is no evidence of lactate acidosis after a long dive. The lung is thin and elongated and displays regional specialisation. The tracheal lung has dense vascularisation for regional gas exchange. It issues into the bronchial lung, which also contains many blood vessels. The terminus is the saccular lung, which has very little vascularisation and is used for storing air. The wall of the latter structure is very muscular. Many animals dive deeper than 50 metres, sometimes even to 100 metres. They avoid diving through the thermocline and generally remain above the sea water isotherm of 18°C. In order to avoid the bends when rising rapidly, the snakes often dive again quickly after having drawn air, so that nitrogen does not have enough time to form gas bubbles in the blood. They also excrete a part of the nitrogen via cutaneous respiration and there is a significant shunting of the blood around the lungs: up to 75% of the blood that is pumped from the heart into the pulmonary artery does not go through the lungs. 

*

Since the animals live in salt water and their body is hypotonic vis-à-vis sea water, they absorb excess salt. They have to excrete this, but the kidneys produce hypotonic urine (relative to the plasma). The salt gland is located in the lower jaw (posterior sublingual gland) and discharges into the tongue sheath. Surplus salt water is expelled when the animal sticks out its tongue. This is a different mechanism from turtles (salt removal via tear glands), sea crocodiles (via the tongue) or some iguanas (via the nasal gland). Some snakes excrete salt via premaxillary glands. The skin of the snake permits a slight net influx of water, yet is virtually impermeable for salt. 
*

Pelamis platurus can be recognised by its dark top and white-yellow belly, but most sea snakes strongly resemble one another with regard to colour and very often display cross stripes. Some fish such as certain sea eels mimic the form and the zebra stripe pattern of sea snakes almost perfectly (e.g. imitation of the sea snake Laticauda colubrina XE "Laticauda colubrina: snakes, taxonomy, Hydrophiidae"  by the fish Myrichthys colubrinus, Ophichthidae; order of the Anguilliformes). The gills and fins of these fish can only be seen on close inspection. As might be expected, all kinds of algae, Bryozoa, barnacles etc. attach themselves fairly quickly to the skin of sea snakes. The snake rids itself of these by shedding its skin frequently. In the open sea Pelamis cannot rub against the ground to facilitate the removal of the skin. Therefore the animal literally twists itself into a knot and rubs away the old skin with its own body.

*

The sea snakes which are most relevant to medicine are Enhydrina schistosa XE "Enhydrina schistosa: snakes, taxonomy, Hydrophiidae"  ("Beaked sea snake"), Lapemis hardwickii XE "Lapemis hardwickii: snakes, taxonomy, Hydrophiidae"  ("Hardwick´s sea snake"), Laticauda colubrina XE "Laticauda colubrina: snakes, taxonomy, Hydrophiidae"  ("sea krait"), Hydrophis sp. XE "Hydrophis sp. : snakes, taxonomy, Hydrophiidae"  and Pelamis platurus XE "Pelamis platurus: snakes, taxonomy, Hydrophiidae"  ("yellow-bellied sea snake"). In the coastal waters of Southeast Asia and Australasia they can cause local problems. Laticauda sp. prefer to live in coral reefs, where they seek their prey in caves and crevices. Enhydrina schistosa XE "Enhydrina schistosa: snakes, taxonomy, Hydrophiidae"  prefers the turbid waters of estuaries and river mouths as biotope, swimming slowly over the bottom. Sometimes these animals swim great distances upstream in rivers. Pelamis platurus XE "Pelamis platurus: snakes, taxonomy, Hydrophiidae"  is a real pelagic snake and can sometimes be found in groups composed of enormous numbers in the open ocean, covering large areas. These snakes primarily choose areas where ocean currents converge or where upwelling occurs. These are zones with a great deal of detritus, organic material and many fish which serve as prey. The area of distribution ranges from the western coasts of America to the east coast of Africa. They are not found in the Red Sea, the Mediterranean or the Atlantic Ocean. The depth of the 18°C isotherm in seawater is a major parameter in limiting the distribution of this snake. All the other sea snakes have a much more restricted area of distribution. In 1932 in the Strait of Malacca millions of Astrotia stokesii XE "Astrotia stokesii: snakes, taxonomy, Hydrophiidae"  ("Stoke´s sea snake") were observed in a 3 metre wide band stretching over 100 km. Accidents are sometimes suffered by fishermen (accidental catches) or hunters of these animals (leather industry). Swimmers are sometimes bitten. The local pain is generally minimal, but neurotoxicity, rhabdomyolysis and kidney problems do occur. Blood coagulation is generally normal.

3.7 Taxonomy, Colubridae

The name derives from the Latin "coluber", which means snake. This group includes more than 50 species distributed over 30 genera which have caused clinically significant venomous bites. Yet, only a few are genuinely dangerous. They have short small fangs on the maxillae at the back of the mouth (Opisthoglypha) [opistho = at the back], so that they have to open their mouth very wide (170 to 180() to inject venom. They also require a long contact period to introduce enough venom into the bite wound. Colubrids are often kept as pets, e.g. Elaphe sp. XE "Elaphe sp. : snakes, taxonomy, Colubridae"  (rat snakes) or Lampropeltis sp. XE "Lampropeltis sp. : snakes, taxonomy, Colubridae"  (king snakes, milk snakes). Some colubrids strangle their prey (e.g. Lampropeltis sp.). Thelothornis kirtlandii XE "Thelothornis kirtlandii: snakes, taxonomy, Colubridae"  (vine snake) is a moderately dangerous, very thin snake with horizontal, keyhole-shaped pupils. These animals often slide over the ground with the front part of the body somewhat raised. The boomslang (Dispholidus typhus XE "Dispholidus typhus: snakes, taxonomy, Colubridae" ) in southern Africa is another dangerous colubrid, yet bites by this animal are quite exceptional. Haemorrhages are the most obvious symptom after a bite by a boomslang. Both Rhabdophis tigrinus XE "Rhabdophis tigrinus: snakes, taxonomy, Colubridae"  (Japanese garter snake or yamakagashi) and Rhabdophis subminiatus XE "Rhabdophis subminiatus: snakes, taxonomy, Colubridae"  (red-necked keelback) can inflict fatal bites.

3.8 Taxonomy, Boidae

The Boidae include boas and pythons. Constrictor snakes such as the anaconda, boas and pythons are not venomous. Boas are viviparous snakes from the New World and pythons are oviparous snakes from the Old World. Popular names can sometimes cause confusion. Because they must be able to hold their body in small-diameter loops, they have short vertebrae. When they are wrapped around their prey, what makes them so deadly is not that they squeeze so hard, but rather that they can very effectively resist attempts to stretch. Every time the unfortunate prey exhales, the snake contracts a little bit more, and prevents the prey from inhaling. After this has been repeated a few times, the prey simply suffocates.

4 Distribution XE "Snakes: distribution" 
4.1 Distribution, general

· As far as native venomous snakes are concerned, only vipers are found in Europe.

· In Africa there are elapids, vipers and colubrids.

· The most important snakes in America are the pit vipers and several coral snakes.

· In Asia, all families are represented (but not all genera).

· A number of elapsids live in Australia.

· Problems with venomous sea snakes are limited to coastal areas of Asia and Australia.

· Imported exotic pet snakes can be responsible for bites, especially in affluent countries

4.2 Distribution, most important snakes

It is useful to have an idea of which major venomous snakes can be found where. 

· In Southeast Asia Russell´s viper (Daboia russelli XE "Daboia russelli: snakes, most important snakes" ), Echis carinatus XE "Echis carinatus: snakes, most important snakes" , the habu's and the Malayan pit viper (Calloselasma rhodostoma XE "Calloselasma rhodostoma: snakes, most important snakes" ) are the most important. 

· In Africa the saw-scaled vipers (Echis carinatus XE "Echis carinatus: snakes, most important snakes"  complex XE "Echis ocellatus: snakes, most important snakes" ), the puff viper (Bitis arietans XE "Bitis arietans: snakes, most important snakes" ) and to a lesser extent cobras and mambas are important. 

· In South and Central America the cascabel (Crotalus durissus terrificus XE "Crotalus durissus terrificus: snakes, most important snakes" ), jararaca (Bothrops jararaca XE "Bothrops jararaca: snakes, most important snakes" ) and fer-de-lance (Bothrops atrox XE "Bothrops atrox: snakes, most important snakes" ) are the most important venomous snakes. Bites by the notorious bushmaster (Lachesis muta XE "Lachesis muta: snakes, most important snakes" ) are actually quite rare.

· In North America the various rattlesnakes (Crotalus sp. and Sistrurus sp.) are the most important, with Crotalus atrox XE "Crotalus atrox: snakes, most important snakes"  (Western diamondback) heading the list. Mocassins (Agkistrodon sp.) and coral snakes (Micrurus and Micruroides) are statistically less important.

· Coastal areas in Southeast Asia and Northern Australia: sea snakes such as Pelamis XE "Pelamis sp. : snakes, most important snakes" , Laticauda sp XE "Laticauda sp. : snakes, most important snakes" , Enhydrina sp. XE "Enhydrina sp. : snakes, most important snakes" 
· Australia: Brown snake (Pseudonaja sp XE "Pseudonaja sp. : snakes, most important snakes" ), black snake (Pseudoechis XE "Pseudoechis sp. : snakes, most important snakes" ), death adder (Acantophis XE "Acantophis sp. : snakes, most important snakes" ), Taipan (Oxyuranus XE "Oxyuranus sp. : snakes, most important snakes" ), tiger snake (Notechis XE "Notechis sp. : snakes, most important snakes" ).

*

The five medically most important snakes in the world are: 

Echis carinatus complex

Bitis arietans 

Daboia russelli

Calloselasma rhodostoma 

Bothrops atrox

4.3 Distribution, simplified classification
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CATEGORY 

· 1: Bites frequently and often lethal or serious morbidity

· 2: Rarely bites, but bite is serious to lethal

· 3: Bites frequently, but rarely serious consequences

5 Snake venom XE "Snakes: snake venom" 
5.1 Snake venom, composition

The composition of snake venom differs from species to species. There is also variation within a single species depending on age, season and temperature. It is a complex mixture of enzymes, toxins and all sorts of smaller molecules. The most important components are the substances with a cytotoxic effect, the neurotoxins and the coagulants. Some toxins have multiple effects. The function of some components is still a mystery. For example, "nerve growth factor" was isolated from cobra venom. This protein, discovered by Rita Levi-Montalcini and Stanley Cohen (Nobel Prize 1986), plays a major role in the growth of nerve tissue, yet why this molecule is present at high concentration in venom in the first place remains an open question. Possibly it promotes the absorption of venom by releasing various mediators from mastocytes.

*

Note: Nerve growth factor

Nerve growth factor (NGF) is the prototype for the neurotrophin family of polypeptides which are essential in the developments and survival of certain sympathetic and sensory neurons in both the central and peripheral nervous systems. NGF was discovered when mouse sarcoma tissue transplants in chicken embryos caused an increase in the size of spinal ganglia. In the course of attempting to characterise the agent responsible for this action, cobra venom, employed as a phosphodiesterase, was found to found to give unexpected similar results. It was proven to be a rich source of NGF. A homologous tissue, the submaxillary gland of adult male mice, has become the preferred source of NGF. Other unusually large concentrations are found in the guinea pig prostate gland and in bovine seminal plasma. The physiological relevance of these sources is not fully understood.

5.2 Snake venom, necrosis
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Enzymes, which help the snake to digest its prey, are often cytotoxic for man. Proteolytic enzymes have a trypsin-like activity. Hyaluronidase splits acidic mucopolysaccharides and promotes the distribution of venom in the extracellular matrix of connective tissue. Snake venom often contains various phospholipases A2. These are esterolytic enzymes which break down membrane phospholipids such as lecithin (= phosphatidylcholine) into fatty acids and lysolecithin. This causes cellular membrane damage ("lyso" ( lysis: destroy). In human beings, all these enzymes cause oedema, blister formation and local tissue necrosis. 

5.3 Snake venom, paralysis

With regard to function, the neurotoxins of some elapids can be compared with curare or with the autoantibodies in myasthenia gravis. The neurotoxins block the stimulus transmission from nerve cell to muscle and cause paralysis. The venom does not penetrate the blood-brain barrier. Some venom (cobra, mamba, death adder, Laticauda, krait alpha-bungarotoxin) works on the nicotinic acetylcholine receptor present on muscle (neuromuscular junction). The postsynaptic effects are reversible with antivenom and neostigmin. Other types of venom work on the presynaptic nerve terminal, e.g. beta-bungarotoxin) and here neostigmin will not be effective. Presynaptic neurotoxins inhibit the fusion of the vesicles containing acetylcholine, with the nerve’s membrane of the neuromuscular junction.

*

Note:Curare 

Curare is a complex alkaloid which is derived from South American plants such as Chondodendron tomentosum (tubocurarine) and Strychnos toxifera. It acts on the postsynaptic acetylcholine-receptor of the neuromuscular junction and causes paralysis. The mechanism is comparable to elapid venom.

5.4 Snake venom, haemorrhages

Snake venom can interfere with blood coagulation. Several of the enzymes contained in such venoms can be used in the laboratory in coagulation studies. Venom can either activate prothrombin (e.g. ecarin from Echis carinatus) or have a direct effect on fibrinogen and convert it into fibrin and thus itself have a thrombin-like activity, such as crotalase (rattlesnake venom), ancrod from Calloselamsa rhodostoma XE "Calloselamsa rhodostoma: snakes, snake venom"  and batroxobin (reptilase) from Bothrops atrox moojeni XE "Bothrops atrox moojeni: snakes, snake venom" . Such enzymes with a thrombin-activity are insensitive to heparin and can be used for defibrination of heparinized blood samples. In the laboratory, the reptilase time is an alternative to the thrombin time in such samples. Certain enzymes in venom activate factor V (e.g. Russell´s viper and Vipera lebetina XE "Vipera lebetina: snakes, snake venom" ), activate factor X (e.g. Russell´s viper; used in Stypven time) or promote fibrinolysis (e.g. the enzyme lebetase from V. lebetina). Diluted venom of Russell´s viper contains a specific activator of factor X which is used in some laboratory tests for lupus anticoagulant ("dRVVT or dilute Russell´s Viper Venom Time"). Fibrin will normally be dissolved rather quickly by plasmin via the fibrinolytic system. Some components of snake venom interfere with fibrinolysis. Sometimes venom causes direct aggregation of blood platelets (rattlesnakes) or, on the contrary, an inhibition of such aggregation (Levantine viper). Convulxin is a component of Crotalus durissus terrificus XE "Crotalus durissus terrificus: snakes, snake venom"  venom. This substance binds selectively and with high affinity to blood platelets through a mechanism that resembles exposure to collagen (convulxin attaches itself to the collagen receptor glycoprotein VI). Endothelial damage can be caused by venom containing so-called "haemorrhagins". This produces a propensity to haemorrhage. Several snakes can activate protein C. Protac is the responsible enzyme in Agkistrodon contortrix XE "Agkistrodon contortrix: snakes, snake venom" . It can be used in certain coagulation tests in the laboratory, such as analysis of the protein C/S system. Botrocetin coming from the venom of Bothrops jararaca XE "Bothrops jararaca: snakes, snake venom"  is sometimes used for studying blood platelets and von Willebrand factor. It is in this respect somewhat comparable to ristocetin (antibiotic from Nocardia lurida XE "Nocardia lurida: snakes, snake venom" ). 

*

Note: Proposed nomenclature

Proposed nomenclature of the suffixes which indicate a haemostatic effect for exogenous factors (is not always followed, however): 

· obin: fibrinogen-coagulation

· fibrinase: fibrinogen-digestion

· arin: prothrombin-activating

· activase X, etc.: activator of factor X, etc.

· cytin: platelet-aggregating

· statin: platelet-aggregation inhibitor

6 Clinic XE "Snakes: clinic" 
6.1 Clinic, general

Bites by venomous snakes are not always accompanied by venom injection and symptoms of envenomation (so-called "dry bites"). The interval between bite and possible death can vary greatly. In general it can be said that death comes most quickly after cobra bites and most slowly after viper bites. The prognosis depends on many factors and can be strongly influenced by treatment. Inappropriate pre-hospital treatment, such as prolonged arterial tourniquet, incisions at the bite site and sustained aspiration by suction pumps, can cause major complications. Clinical effects of venomous snake bites include vomiting, pain at the bite site and anxiety. This anxiety can lead to dizziness, sweating, shortness of breath or hyperventilation (not to be confused with neurotoxicity). Further, there are a number of specific problems: 

6.2 Clinic, local cytotoxicity
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Local cytotoxicity is characterised by local swelling and blister formation. Later, necrosis can develop, which can be promoted by arterial thrombosis, inappropriate tourniquet use and local excess pressure in the tissues. A compartment syndrome is probable if the tissue pressure amounts to >30 to 40 mm Hg. This is rare. Prophylactic fasciotomy is not recommended. Local necrosis is primarily encountered with vipers, pit vipers and some elapids. Wound infections are not unusual and can aggravate local necrosis. It is possible that sucking out the wound can promote wound infections. Sometimes fangs or teeth break off and remain in the wound. The venom spreads via the lymphatics and lymphadenopathy can occur. Most tissue destruction develops in the first 3 days. Chronic ulceration, osteomyelitis or arthritis can follow a snakebite. The cytotoxic components in snake venom are responsible for most of the chronic physical handicaps which occur as sequelae.

6.3 Clinic, cardiovascular toxicity

Cardiovascular toxicity can occur with viper bites. Hypotension can result from vasodilatation, extravasation, haemorrhages and direct myocardial toxicity. Venom-induced shock leads to a combination of hypotension, lactate acidosis, haemoconcentration and hypoproteinemia. The venom of mole vipers includes so-called "sarafotoxins", peptides which strongly resemble endothelins and provoke profound vasoconstriction (including coronary arteries). On the other hand, vasodilatation can occur due to ACE inhibition. Historically, the first angiotensin-converting enzyme inhibitor was discovered in the venom of a South American venomous snake, Bothrops jararaca. The venom caused hypotension through inhibition of ACE. The responsible oligopeptide teprotide was isolated from the venom. This formed the basis for developing captopril, the prototype of a very important class of drugs (Lasker Award 1999). Since then ACE inhibitors have been discovered in the venom of numerous snake species. The effect of some components of certain snake venom is comparable to an overdose of captopril, with serious hypotension as a consequence. Taicatoxin is a component of the venom of Oxyuranus scutellatus scutellatus. It blocks calcium channels in myocytes, resulting in bradycardia and AV-block.

*

Reminder: Renin is an enzyme secreted by the juxtaglomerular cells located around the afferent arterioles of the renal glomeruli. These cells are specialised myoepithelial cells which function as mini-sphygmomanometers. The lower the blood pressure, the more renin is released. Do not confuse renin with rennin (syn. chymosin, used in making cheese). Renin has a half-life of 15´. This enzyme works on angiotensinogen, an (2-globulin which is produced by the liver. Renin splits angiotensinogen leaving the inactive decapeptide angiotensin I. This in turn is converted in the lung circulation by ACE into the active octapeptide angiotensin II, a very strong vasoconstrictor with a half-life of 1 minute. Angiotensin II is also locally produced in a number of tissues. Along with the vasoconstriction, angiotensin II also stimulates production of aldosterone in the zona glomerulosa of the adrenal gland. This mineralocorticosteroid promotes sodium and water retention, increasing the blood pressure. If this entire system is blocked by venom, the blood pressure falls and the patient can go into shock.

6.4 Clinic, haemostasis disturbances

Haemostasis disturbances are primarily seen with vipers, pit vipers, Australian elepids and colubrids. The most notorious are the Russell´s viper, the Malayan pit viper and the saw-scaled viper (Echis carinatus). The haemorrhagic tendency manifests itself as minor subcutaneous haemorrhages, bleeding gums, epistaxis, haematemesis, melena and/or bleeding from venipuncture sites. Retroperitoneal bleeding can occur. Haemorrhages in the adrenal gland and pituitary gland are found with bites by the Russell´s viper. This last symptom can be compared with Sheehan´s syndrome (post-partum pituitary necrosis). An acute Addison crisis can follow, which has to be treated with steroids. Panhypopituitarism, secondary hypogonadism and diabetes insipidus can be late consequences.

6.5 Clinic, neurotoxic effects

Neurotoxic effects are a characteristic of elapids and sea snakes. Some Central and South American Crotalus species can also be neurotoxic. The venom of the rare “berg adder” (Bitis atropos in South Africa and Zimbabwe) is also neurotoxic, which is highly exceptional for a viper. After berg adder bites, there is initially often headache and abdominal pain, sometimes with vomiting. Paresthesiae and fasciculations can develop. Gradually ptosis develops, with vision impairment and eye muscle paralysis (ophthalmoplegia). Afterwards hoarseness, dysphagia and pharyngeal paralysis develop, producing drooling of saliva. The patient can sometimes have difficulty sticking out his or her tongue. Weakening of the neck muscles means the patient can appear to have a "broken-neck symptom". When the patient is drawn up by the hands from a supine position to 45°, the head hangs backwards if there is neck muscle paralysis. Paradoxical respiration (upon inhalation the belly expands instead of the thorax) shows that the diaphragm is still contracting although the intercostal and auxiliary respiratory muscles are paralysed. Ultimately the patient develops respiratory paralysis. Typical neurological symptoms for “berg adder” bites are ptosis, coupled with ophthalmoplegia, mydriasis as well as swallowing, taste and smell disturbances (dysphagia, ageusia and anosmia). Bitis atropos sometimes also causes an abundant secretion of antidiuretic hormone (SIADH), characterised by hyponatraemia, oliguria and concentrated urine.
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Neurotoxicity must be distinguished from the symptoms caused by anxiety. Some people who believe that they have been bitten by a snake (even if this is not the case), will hyperventilate, resulting in perioral or diffuse paresthesiae or rigidity and tetany of the hands (decrease of the free plasma Ca++-concentration due to respiratory alkalosis). Others experience dizziness or syncopal tendencies, even vasovagal syncope. A few people will become agitated, possibly with a series of bizarre complaints.

6.6 Clinic, muscle toxicity

Muscle toxicity is most pronounced with sea snake bites, although it also occurs with bites by rattlesnakes, Russell´s viper and Australian snakes (primarily tiger snakes). Severe muscle pains and myoglobinuria develop. Cardiac arrhythmia can occur as a result of hyperkalaemia. This last symptom is promoted by the release of intracellular potassium with rhabdomyolysis, as well as by kidney failure. An electrocardiogram is a relatively insensitive (±50%) method for identifying hyperkalaemia. With this condition, the T waves begin to increase when kalaemia is more than 5.5 mmol/L. The QRS complex begins to broaden from 6.5 mmol/L. The P wave flattens from a kalaemia of 7 mmol/L. The PR interval also grows longer. The P wave can disappear when the kalaemia reaches 8 mmol/L or more. Evolution to AV block, atrial arrest and ventricular fibrillation can follow. 

6.7 Clinic, kidney toxicity

Kidney toxicity is often multifactorial. Hypotension/shock, diffuse intravascular coagulation with intrarenal micro-thrombi, myoglobinuria and haemoglobinuria are major causes of kidney damage. Myoglobinuria as a result of rhabdomyolysis can cause acute tubular necrosis. Myoglobin is filtered through the glomeruli and is reabsorbed through the tubules, where direct damage is caused. Distal tubular obstruction can also occur. The urine is dark and will test positive for blood. Massive haemolysis causes a similar picture. Another form of kidney problem is immune complex nephritis following administration of antiserum. Russell´s vipers can provoke bilateral cortex necrosis in the kidney, with chronic renal failure as a result. Pain at the level of the costovertebral angle suggests renal damage.

6.8 Clinic, eye lesions

Eye lesions can occur when a snake spits venom in the eyes (spitting cobras). The snake can spit its venom over distances of up to 3 metres. Burning pain, itching, oedema and eyelid spasms develop. In more than 50 % of cases there are corneal erosions, sometimes leading to blindness. After rinsing copiously with a non-irritating liquid, a local anaesthetic can be given to stop the pain and the blepharospasms. Afterwards an eye ointment containing antibiotics and steroids is applied. In case of bites by Burmese Russell´s vipers, chemosis can develop (conjunctival oedema), sometimes combined with subconjunctival haemorrhages. Due to the increased capillary permeability, periorbital oedema, facial oedema and serous effusions can also develop.

6.9 Clinic, rule of thumb

Local necrosis
vipers, pit vipers, elapids

Paralysis
elapids and sea snakes

Haemorrhages
vipers, pit vipers, colubrids, Australian elapids

However, there are exceptions to this rule of thumb: 

· e.g. Naja nigricollis (black-necked cobra):( only haemotoxic

· e.g. Crotalus durissus terrificus: ( primarily neurotoxic

· e.g. Bitis atropos (“berg adder”): ( primarily neurotoxic

Note carefully: Variability within one species, e.g. Mojave rattlesnake (Crotalus scutellatus)

· Crotalus scutellatus type A venom: presynaptic neurotoxic, virtually without pain or local tissue destruction.

· Crotalus scutellatus type B venom: haemotoxic.

6.10 Clinic, prognosis after snakebite - example

Chance of envenomation symptoms

Rattlesnake bite
80%

Sea snake bite
20%

Russell´s viper bite
50%

Malayan pit viper
50%

Mortality

Crotalus durissus terr.
75% if untreated; 12% with antiserum

Echis carinatus
20% if untreated; 3% with antiserum

Dendroaspis polylepis
almost 100% lethal if untreated

Local necrosis

Echis carinatus

9%

Bitis arietans (puff viper)
36%

Naja nigricollis (cobra)
71%

Interval between snakebite and death

Naja naja (cobra)
 8h

(1/4-60h)

Crotalus species (rattlesnakes)
16h

(2h-26h)

Bungarus caerulus (Indian or common Krait)
18h

(3h-63h)

Vipera berus (European viper)
34h

(6h-60h)

Vipera (Daboia) russelli (Russell´s viper)
40h

(1/4h-9 d)

Calloselasma rhodostoma (Malayan pit viper)
60h

(5h-10 d)

Echis carinatus (saw-scaled viper)
5 d

(1-41 d)

6.11 Clinic, summary

Summary: Local symptoms 

wounds by teeth
 lymphangitis

local pain
 lymphadenopathy

local ecchymosis
 local inflammation (swelling, redness, warm)

local bleeding
 local blister formation

local infection
 local necrosis

Summary: generalised symptoms

General 
nausea, vomiting, malaise, weakness, dizziness

Cardiovascular
hypotension, shock, arrhythmia, pulmonary oedema, heart failure

Haemostasis
 haemorrhages from venipunctures, gums, nose, vagina, subcutaneous haemorrhages, haematemesis

Neurological
 paresthaesiae, ptosis, ophthalmoplegia, dysphagia, aphonia, paralysis, respir. arrest

Muscles
 generalised myalgia, muscle stiffness, trismus, myoglobinuria, hyperkalaemia

Kidneys
 lumbar pain, haematuria, haemoglobinuria, myoglobinuria, oliguria, uremia

Endocrine
 shock and hypoglycaemia (early). Late weakness, testes atrophy, amenorrhoea

7 Treatment XE "Snakes: treatment" 
7.1 Treatment, initial
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Victims are often afraid of dying. This anxiety must be reduced, which is best done by showing a professional approach. The bitten body part should be immobilised, ideally with a splint as for a broken limb. Immobilisation reduces absorption of the venom, which delays systemic effects. A tight elastic bandage is wrapped around the bitten limb (slower lymph flow). This technique was developed in 1979 in Australia and has proven to be effective for cobras and the Australian elapids (neurotoxic snakes). If a bite by a cytotoxic snake is involved, this might be contraindicated, because necrosis could increase locally. For immobilisation the elastic bandage and the splint are of equal importance. They must be applied as soon as possible. A tourniquet is not useful and can aggravate the injuries through ischaemia. Some sources say that it is only indicated when the medical centre is far away (> 1h) and when a bite from a cobra, mamba or sea snake is involved. Yet it is best to forgo an arterial tourniquet. The sudden removal of a tourniquet in the case of cobra bites can sometimes cause an acute worsening of the symptoms (situation e.g. after arrival in the hospital). It is best to transport patients lying on their side (danger of vomiting and aspiration). The airway must be kept free. Dangerous procedures such as incision, sustained suction pumps on the skin, amputation of a finger, prolonged tourniquet, etc. should be avoided. The commercial "Extractor" device consists of a syringe and a vacuum cup. If used within three minutes after the bite, it can remove up to 30% of the venom (the device remains on the site for 30 minutes). However, the underpressure of almost 1 atmosphere also causes a massive oedema. Whether there is a clinical benefit is by no means established (it might be counterproductive). Quickly sucking out (< 3 minutes after the bite) the bite wound can remove up to 50% of the venom, but the usefulness of this has not been demonstrated. With eye injuries, immediate and copious rinsing with any non-irritating liquid is indicated. Administering electroshocks with high voltage and low amperage is very controversial and is not advised. If possible and if this can be done without danger, it is best to bring the dead snake along for identification (note carefully: the bite reflex continues long after death, even after decapitation!). Attempting to kill the snake is dangerous and could lead to further bites. Correct species identification is often difficult, but it is of course important to have an idea of the family to which the animal belongs.

7.2 Treatment, upon arrival in hospital

A plasma expander, steroids and an antihistamine must be available. Antivenom is given as indicated (see below). In case of vomiting an anti-emetic can be administered. Adrenaline (adult 0.5 ml of 0.1 % SC or IM ; for a child 0.01 ml/kg) can be used against angioedema. Endotracheal intubation may be required. If shock and inadequate response to 1 to 2 litres of IV-Ringer or 0.9% saline solution (adult dose), IV albumin is administered. Albumin remains in the bloodstream longer. No salicylate derivatives (aspirin) should be used for painkilling, due to the risk of haemorrhage. Tetanus vaccination must not be overlooked. The circumference of the bitten limb should be regularly monitored with a tape measure (an increase of 3 mm in the diameter of an arm or leg represents an increase of 1 cm in the circumference (= (d).

*

The venom in the victim’s serum can be quantified via enzyme immuno-assays in specialised laboratories, but given the great variability of venoms and their significant binding to various tissues coupled with their slow release from the site of injection, these techniques are seldom used.

*

Take blood for full blood count and cross matching (check for thrombocytopenia, spherocytosis, schistocytes, anaemia). Coagulation parameters must be determined, if possible. In under-equipped labs it is often impossible to perform conventional coagulation tests. Yet it is essential to determine whether there are blood coagulation problems. For this 2 ml of blood are taken in a dry clean glass tube. Normally blood coagulates and forms a clot within 15 minutes. If the blood has still not clotted after 20 minutes, then there is a haemotoxin present. This simple test can be repeated. If there are coagulation problems, antivenom should be given, if needed followed by or simultaneously with cryoprecipitate or fresh frozen plasma. Tranexamic acid, a fibrinolysis inhibitor, is normally not used in treatment. The thrombocytopenia which often develops is sometimes not corrected by antivenom. The aim is to attain normal clot formation within the first 24 hours (if not, extra antivenom must be given). The use of IV mannitol to ease a compartment syndrome and to avoid a fasciotomy must be further evaluated.

7.3 Treatment, if respiratory paralysis

In case of respiratory paralysis, the patient must be artificially ventilated. On average this lasts 1 to 4 days if no antiserum is given, but longer periods of paralysis do occur. After release in the synaptic cleft, acetylcholine is normally very quickly broken down into choline and acetic acid by acetylcholinesterase. Sometimes it is possible to perform an edrophonium test, as with myasthenia gravis. This fast-acting anticholinesterase quickly produces an improvement in case of post-synaptic acting neurotoxins. A single dose of 10 mg IV (adults) is administered over 3-4 minutes. For children the dose is 0.25 mg/kg of body weight. An improvement can be expected within minutes: ptosis disappears and the respiratory capacity or peak flow (FEV1) improves. Neostigmine is an acetylcholinesterase inhibitor. Its use ensures that more neurotransmitter is present, so more stimulus transmission can take place. In this way, neostigmine reduces the effect of certain types of neurotoxins (cobra, mamba). One ampoule (1 mg) is slowly injected IV and afterwards a neostigmine maintenance dose is infused. Neostigmine is broken down by plasma esterases. The metabolites are excreted via the urine. The half-life amounts to 1 to 2 hours. The normal dose is 25-100 (g/kg/hour IV. Unpleasant side effects (diarrhoea, intestinal cramps, excessive salivation, sweating) are attributable to stimulation of the parasympathetic nervous system (muscarinic receptors). In order to prevent this, the anticholinergic atropine as antidote (0.6 mg IV every 4 hours) is also given. Atropine is a competitive inhibitor of the muscarinic receptors (constipation, dry mouth, mydriasis). If no neostigmine is on hand, alternatives are distigmine, pyridostigmine (60 mg qds) or ambenomium (5 to 25 mg qds PO).

*

If the snake venom blocks the presynaptic release of acetylcholine, neostigmine will have little effect. In such cases the potassium channel blocker diaminopyridine sometimes produces an improvement. However, this substance is currently still experimental. It is also being studied for muscle strength improvement in cases of multiple sclerosis and Lambert-Eaton myasthenic syndrome.

7.4 Treatment, hyperkalaemia

Hyperkalaemia occurs primarily in sea snake bites with severe rhabdomyolysis (see above, muscle toxicity). In case of cardiac arrhythmia, 10 ml 10% calcium gluconate IV can save a life. This does not reduce the kalaemia, but counters the effects of potassium on the heart. Treatment is coupled with 250-500 ml of a 10% glucose-infusion together with 10-20 units of fast-acting insulin. Sodium bicarbonate (50-150 mmol or 40 ml of an 8.4% solution over 30´) can also be given, certainly if there is also severe acidosis (check Kussmaul respiration), yet there is doubt about its effectiveness. The principle behind the administration of bicarbonate is that a rising pH in the blood causes a potassium shift to intracellular. Watch out for provoking acute hypocalcaemia with tetany. Salbutamol or albuterol ((2-agonists) can be administered via inhalation to lower the kalaemia, since they also cause a potassium shift to intracellular. For salbutamol the target dose of 1200 to 1500 µg via aerosol (6 to 8 puffs of 200 µg each) applies, for albuterol the dose is 10 to 20 mg in 4 ml of physiological solution in a nebuliser. Albuterol and insulin are probably equally effective and may be given together. Insulin, salbutamol and bicarbonate do not remove potassium from the body, but only lower its concentration in the plasma. Kayexalate (sodium polystyrene sulphonate) is a potassium-binding ion-exchange resin that can be administered orally (25 grams in 20% sorbitol) or rectally (50 grams in 20% sorbitol). In case of persistent hyperkalaemia, peritoneal or haemodialysis is necessary. If peritoneal dialysis is possible, rapid rinsing (3-4 litres/hour) is required.

Hyperkalaemia - treatment

Calcium gluconate

Insulin + glucose

NaHCO3

(2-agonist, salbutamol

Kayexalate

Dialysis

7.5 Treatment, antivenom
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It was Calmette who introduced antivenom therapy one hundred years ago. To whom should antivenom (antiserum) be administered? The presence of "fang marks" - wounds caused by the fangs - is not per se an indication since dry bites also leave "fang marks". Antivenom is administered to patients with local symptoms of envenomation (progressive swelling, intense pain in and around the bite wound, haemorrhages which are difficult to stop, painful lymphadenopathy, blister formation) and/or when there are signs of systemic effects of the venom (muscle paralysis, blurred vision, difficulty in speaking, diffuse haemorrhages, respiratory problems, pulmonary oedema, shock, prolonged coagulation times). For some snakes (e.g. North American coral snakes > 50 cm) antiserum is given in any case. Prior to administration it is best to premedicate with a low dose of adrenaline (prevention of anaphylaxis symptoms) as well as steroids to prevent serum sickness (see below). With atopic patients and patients who have previously received antivenom-therapy, adrenaline, an H1-antihistamine and an H2-antihistamine e.g. cimethidine should also be given in advance. Antivenom is still useful up to more than one week after the bite. It is never too late to administer antivenom if there are symptoms of envenomation.

*

If possible, specific antivenom should be used, otherwise polyvalent antiserum is the next best alternative. It is best to use the regional antivenom, if it is in stock. Thus the Burmese antivenom will be more effective against the Burmese Russell´s viper than the Indian antivenom (which is prepared from the Indian Russell´s viper). Nevertheless, sometimes there is cross-protection. The antivenom against the Australian tiger snake (Notechis scutatus XE "Notechis scutatus: snakes, treatment, antivenom" ), in a dose of 3,000-6,000 units, will also be active against sea snake bites, as well as against bites by Notechis ater XE "Notechis ater: snakes, treatment, antivenom"  (Tasmanian Tiger snake), Notechis ater serventy XE "Notechis ater serventy: snakes, treatment, antivenom" i (Chappell Island Tiger snake), Austrelaps superbus XE "Austrelaps superbus: snakes, treatment, antivenom"  (Australian Copperhead) and Tropidechis carinatus XE "Tropidechis carinatus: snakes, treatment, antivenom"  (Rough-scaled or Clarence River snake). The Australian antivenom against the Brown snake (1,000 units) is active against the various species of this genus: Eastern Brown snake (Pseudonaja textilis XE "Pseudonaja textilis: snakes, treatment, antivenom" ), Dugite (Pseudonaja affinis XE "Pseudonaja affinis: snakes, treatment, antivenom" ) and Gwardar (Pseudonaja nuchalis XE "Pseudonaja nuchalis: snakes, treatment, antivenom" ). The same applies for Black snake antivenom (6,000-18,000 units) against the genus Pseudoechis: Mulga or King Brown snake (Pseudoechis australis XE "Pseudoechis australis: snakes, treatment, antivenom" ), Red-bellied black snake (Pseudoechis porphyriacus XE "Pseudoechis porphyriacus: snakes, treatment, antivenom" ) and the Papuan Black snake (Pseudoechis papuanis XE "Pseudoechis papuanis: snakes, treatment, antivenom" ). 

*

The serum is exclusively administered IV because, due to the volume-effect, local administration (e.g. at the level of a finger) can turn a partial ischaemia into a total one (compression of blood vessels by increased tissue pressure secondary to the injected liquid). Administration is done slowly via IV injection (5 to 10 minutes) or better via infusion with normal saline over 30 minutes. If IM, large haematomas can develop and the absorption is erratic, certainly in the gluteus region. The same dose is administered to children as to adults. Usually 20 to 80 ml are given, possibly to be repeated. It is important to pay attention that the antibodies are correctly and cautiously brought into solution (this can take 30´ per vial, thus ask for help from your staff). Do not be too economical with antivenom. Sometimes very large quantities are necessary, such as with bites by a king cobra, black mamba, bushmaster or gaboon viper. The half-life of the classic IgG horse antiserum is 35-70 hours, Fab half-life is 12-18 hours, F(ab´)2 half-life is 80-100 hours. This is sometimes shorter than the half-life of the venom. A favourable response can be expected within 15 minutes to 6h (respiration, blood pressure, coagulation). Otherwise a second antivenom dose might be indicated. The treatment with antivenom is effective for problems of blood coagulation, shock and specific neurotoxicity. For other problems (nephrotoxicity, local necrosis and some paralyses) the effect is a great deal less spectacular. Some recommend a skin test with 0.1 ml diluted antivenom intradermally, to check for allergy, but this is controversial. 

7.6 Treatment, side effects of antivenom

Cd_1093_041c.jpg

Antivenom which is prepared from horse serum, contains foreign proteins and frequently produces side effects. Anaphylaxis (IgE-mediated type I reaction), anaphylactoid reactions (not IgE-mediated, but via complement activation through protein aggregates in the antivenom) and serum sickness (immune complex or type III reaction) can develop. Soon after administration, ±20% of the patients develop itching, urticaria, fever, cough, tachycardia, nausea and/or vomiting. Sometimes there are quite serious bronchospasms. The mortality rate is 1/1000. Fever often develops after 1 to 2 hours. In children these pyrogenic reactions sometimes lead to febrile convulsions. Antihistamines do not reduce the incidence or seriousness of these symptoms, in contrast to a low dose of adrenaline (0.25 ml SC of a 1/1000 solution). Hypertension, antecedents of CVA, angor or cardiac arrhythmia are relative contraindications. The performance of a skin test with a small quantity of antiserum has little value. There are many false positive and false negative results. With serious snakebites the diluted antiserum should still be given. Attention should be paid to the intravascular volume of the patient (it is best to give 2 l of normal saline over a fairly brief period).

*

Serum sickness as a result of immune complexes develops in 30 to 90% of the patients. It manifests itself after 5 to 24 days (average 7 days). The frequency depends on the dose of antivenom administered. Fever, itching, joint pain and periarticular swelling, lymphadenopathy, mononeuritis multiplex and immune complex nephritis with albuminuria characterise this disorder. When antivenom is given, steroids should be first administered to prevent these complications or reduce their seriousness. If serum sickness develops, steroids are given for 5 days.
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7.7 Treatment, antivenom - new therapeutic developments

· In addition to the specific antibodies against snake venom, the plasma of hyperimmune animals also includes all sorts of other proteins. These are superfluous for the therapy, and possibly dangerous. Therefore attempts have been made to purify the antibodies. Plasma proteins can be fractionated via caprylic acid or ammonium sulphate precipitation. The antibodies in the serum of hyperimmune horses can also be purified via immunosorbent polyacrylamide affinity chromatography. In this way non-immunoglobulins can be removed. Less anaphylaxis occurs and the antibodies [IgG(T)] have greater effectiveness than conventional antivenom.

· Recently, other antibodies have also been prepared which have fewer side effects. The principle is to obtain a high degree of purification and to preserve the antigen-binding part of IgG and eliminate the remainder. Sheep are inoculated with snake venom. The animals react by producing antibodies. Sheep serum is a mixture of all kinds of antibodies, of which only a minority have anti-snake venom activity. The serum is then treated with pepsin or papain, which splits the Y-shaped immunoglobulins. The two chains of Fc are held together by sulphur bridges. The two chains of pFc´ are held together by non-covalent bonds.

· IgG + papain ( Fc + 2 Fab (Fab = Fragment antigen binding. Fc = Fragment crystallizable).
· IgG + pepsin ( pFc´ + F(ab´)2


· Pepsin does not cleave the disulphide bridges between the heavy chains. The F(ab´)2 fragment is divalent because the two antigen-binding sites are present in one molecule. 

· When the disulphide bridges are cleaved and subsequently blocked by iodoacetamide, monovalent Fab´ fragments are obtained, composed of a light chain and the N-terminal half of a heavy chain. 

· Papain cleaves IgG in a somewhat different way, between the antigen-binding part and the sulphur bridges between the heavy chains, which results in the slightly different - somewhat shorter - monovalent Fab fragments (two per IgG molecule).
Example: CroFab® (= earlier CroTAb® , Protherics Inc.) was approved in October 2000 by the American FDA. The product includes Fab fragments against 4 North American venomous snakes: Crotalus atrox (Western Diamondback rattlesnake), Crotalus adamanteus (Eastern Diamondback rattlesnake), Crotalus scutulatus (Mojave rattlesnake) and Agkistrodon piscivorus (Cottonmouth). This antiserum covers via cross-protection virtually all pit vipers in North America and several in Central America. The antibodies are produced in healthy sheep which are raised on special farms in Wales and Australia. This formulation displays fewer side effects than the earlier Antivenin (Crotalidae) Polyvalent Wyeth. ViperaTAb® is a monovalent antiserum that is used for bites by Vipera berus (provisionally only in Scandinavia). FabAV® is a similar product. EchiTAb® is aimed at the venom of Echis ocellatus (carpet viper of West Africa, obtainable in e.g. Nigeria). PolongaTAb® (PulchellaTab®) is a monospecific sheep antiserum targeted against Daboia russelli russelli and D.r. pulchella (Russell´s viper of India and Sri Lanka). BrownTAb® is targeted against the venom of the Australian brown snake. ViperFav® (Aventis Pasteur Merieux) is a polyvalent, yet narrow-spectrum F(ab´)2 antivenom against Vipera berus, V. ammodytes and V. aspis. This replaces the earlier Ipser® antiserum. BothroFav® is an F(ab´)2-containing antiserum against Bothrops lanceolatus (fer-de-lance of Martinique). 

· Another, still experimental production method for antivenom utilises the hyperimmunisation of laying hens. The antibodies (IgG and IgY) are present in the yolk of the eggs and can be isolated. 

· In Australia there has existed for many years a detection kit to identify venom and determine the snake species (Commonwealth Serum Laboratories). This is based on a two-step enzyme immunoassay in which the wells in the ELISA plate are coated with antibodies against the various types of snake venom. Using a swab some venom is taken from the bite wound (in a person or a pet) and identified. This makes it possible to use specific antivenom. However, this technique still has to be further developed for other parts of the world. Blood and urine can also be used, but are less reliable. A positive "venom detection kit" result per se is no indication for antivenom. The results must always be interpreted in the clinical setting.

· The venom of sea snakes contains neurotoxins with a molecular weight of 6800-7000 Dalton. If no antivenom is available haemodialysis may be considered, yet there are little data available on this. 

7.8 Treatment, monitoring antivenom therapy

When an adequate quantity of antivenom has been given, the following response can be expected: 

· The patient rapidly feels better.

· Gum bleeding stops within 15 to 30 minutes.

· The coagulation test (20´ test) normalises within 3-9 hours, but the clinical haemorrhages stop much earlier.

· The blood pressure normalises within an hour. Cardiac arrhythmias disappear.

· Neurotoxic effects begin to disappear within 30 minutes, complete recovery takes much longer. Bites by kraits and sea snakes (presynaptic venom) improve slowly.

· Active haemolysis and rhabdomyolysis stop within several hours. Urine afterwards returns to its normal colour.

*

Indications to repeat antivenom: 

· Persistence or recurrence of non-coagulability after 6 hours or new bleeding after 1-2 hours.

· Worsening neurotoxic or cardiovascular signs after 1-2 hours.

7.9 Treatment, complications

Supportive therapy therapy is necessary (fluid balance, analgetics, transfusion). Blood pressure, pulse, respiration, muscle functions, central venous pressure, urine production, blood coagulation and circumference of the bitten body part (leg, arm) must be monitored. Wound infections including tetanus must be prevented and combated. With bites by sea snakes, infections with unusual pathogens can follow, such as Aeromonas hydrophila XE "Aeromonas hydrophila: snakes, treatment, complications" . With a compartment syndrome, e.g. in the anterior tibial compartment, there is a very pronounced swelling of the area. There is a disproportionate amount of pain, which worsens upon passive stretching of the affected muscles. Weakness of the muscles and nerve compression with hypoaesthesia of the distal skin develop. The most reliable test is a direct pressure measurement in the compartment (cannulla linked with pressure transducer or mercury manometer; Stryker pressure monitor). Fasciotomy should only be considered in extreme cases (tissue pressure >40mm Hg.). It often does more harm than good. Surgical decompression of a very swollen finger might be needed. With local necrosis, operative intervention is necessary (wound debridement, skin grafts, amputation). Deep abscesses can develop and must be drained. After the acute episode scars are likely. Skin grafts might be needed. A Volkmann´s ischaemic contracture of the forearm can occur and requires intensive physiotherapy to regain some function. Kidney failure can sometimes make (peritoneal) dialysis necessary. Before it gets to that point, a strict fluid policy should be introduced in order to avoid any overload (fluid administration = fluid loss of previous day + 500-750 ml). Body weight must be monitored. Food must be low-protein and must contain little salt and potassium (no fruit or fruit juice). Nephrotoxic medicinal products including radiological contrast material are obviously contraindicated. With heavy myoglobinuria or haemoglobinuria an infusion of mannitol (200 ml of 20% over 20´) may be given and alkalinisation of the urine is advised. An adequate hydratation of the patient must be maintained. Muscle rest is obligatory if rhabdomyolysis is suspected.

*

Shock

Shock can be the result of anaphylaxis, direct vasodilatation due to the venom, cardiotoxicity with or without arrhythmia, hypovolaemia (fluid shift to extravascular and/or internal/external bleeding), respiratory failure, acute Addison crisis or septicaemia. Plasma expanders under continuous control of the central venous pressure (watch carefully for pulmonary oedema), dopamine and steroids can be necessary.

7.10 Treatment, snakebite during pregnancy

Snake venom probably penetrates the placenta. For a pregnant woman, ephedrine (25-50 mg IV) is a better choice than adrenaline, because ephedrine has no impact on uterine blood flow. Abruptio placenta can develop with haemostasis disturbances.

*

Note: ephedrine

Ephedrine is a sympathomimetic, active as (- and (-agonist. It was originally derived from the Chinese plant Ephedra sinensis XE "Ephedra sinensis: snakes, treatment, snakebite during pregnancy"  [ = E. sinica]. Like conifers, cycads and the ginko, this species belongs to the Gymnosperms.

7.11 Treatment, errors in evaluation/treatment of snakebite

· Not thinking of a venomous snake bite when confronted with a swollen ecchymotic limb

· Cryotherapy and/or incision of the wound

· Insufficient immobilisation of a bitten limb

· Not looking for fang marks

· Not keeping in mind that envenomation can change over the course of time, with clinical deterioration as a result

· Only giving vasopressors to support the blood pressure, without giving IV fluid

· Forgetting to check coagulation repeatedly

· Delaying antivenom treatment if signs of envenomation are present, or thinking that it is too late to give antivenom

· Administering too low a dose of antivenom

· Not having adrenaline ready on stand-by 

· Not administering antihistamines (although their usefulness is open to debate)

· Applying an arterial tourniquet for a prolonged period 

· Performing a fasciotomy when not needed
8 Prevention XE "Snakes: prevention" 
It is very rare for a snake to be spontaneously aggressive. Snakes tend to note the presence of a person through detection of vibrations. If given the chance they generally flee as a person approaches. Never attempt to corner a snake. Many bites occur when people are attempting to kill the animals. The risk of a snakebite increases if the victim is drunk, reckless or imprudent. However, people can accidentally tread on a snake on a path at night or in a field. More than 50% of venomous snake bites are on the feet or lower legs. Wearing sturdy, high-topped footwear in areas with increased risk is recommended. Some snakes follow their prey (generally small rodents) all the way into houses, and can bite a sleeping victim if they are surprised. Control of rats and mice around houses is not only beneficial in itself, but also reduces the number of snakes attracted to the area. The grass around the house must be kept short. There are specific high risk environments and professions. This encouraged the development of various experimental vaccines. Naturally they do not protect against the bite itself, but are designed to reduce mortality and morbidity. 

*

To the question whether people routinely need to carry preventive antivenom when travelling in remote areas, the answer is "no". The chance of incurring a venomous snake bite with envenomation is low. Furthermore, antivenom is not a harmless product, it is expensive and must be stored in specific conditions. Taking a couple of elastic bandages along is recommended. These can also be used for other purposes. An ampoule of neostigmine, atropine and methylprednisolone might be kept on hand. The renowned black "snake stone" can have a significant placebo effect. 

*

In some areas where snakebites occur frequently, structural measures may be taken. Thus in Okinawa and a number of other areas of the Ryukyu island chain a sharp reduction in the risk of bites by local habu's (Trimeresurus flavoviridis XE "Trimeresurus flavoviridis: snakes, treatment, prevention" ) was produced by installing fences around houses and schools. These consisted of either a 70 cm high strong black nylon net which was attached at an angle (60°) in the ground or an electric fence. Since these animals often enter houses, a mechanical barrier can sharply reduce contact with the snakes. Eliminating places of shelter (by e.g. filling up holes in stones walls) was also moderately effective. A snake population can also be controlled by systematically hunting or catching the animals with live rats as bait. However, this requires a large-scale approach to have a significant impact.

*

A certain powder is available commercially (Snake-A-Way®) which is recommended as a snake repellent. It contains naphthalene and related molecules (similar to moth balls). The powder is applied in a thick line around a tent, for example. The idea is to irritate and eliminate the snake’s olfactory organ. Whether this is effective has not been determined with certainty.

9 Antisera - Europe XE "Snakes: antisera - Europe" 
For Europe attempts are being made to centralise information about the stocks of antivenom in Germany :

Giftnotruf der Toxikologischen Abteilung der II. Med. Klinik

Klinikum Rechts der Isar der Technischen Universität München,

Tel: (49)-89-19240

10 Examples of antisera XE "Snakes: examples of antisera" 
Polyvalent North & West Africa (Behring)
· Bitis gabonica, B. arietans (earlier called B. lachesis)

· Cerastes cerastes, C. vipera, Echis carinatus, Vipera lebetina 

· Naja haje, N. melanoleuca, N. nigricollis
*

Polyvalent Central Africa (Behring)
· Bitis gabonica, B. arietans, B. nasicornis 

· Dendroas​pis polylepis, D. viridis,

· Naja haje, N. melanoleuca, N. nigricollis, Hemachatus haemachatus
*

Polyvalent Bitis-Echis-Naja (Pasteur): production stopped in 1995
· Bitis gabonica, B. lachesis, Echis carinatus

· Naja haje, N. melanoleuca, N. nigricollis
*
Polyvalent Crotalidae (Wyeth)
· Crotalus, Sistrurus, Agkistrodon, Bothrops, Lachesis

*

Polyvalent Crotalidae: CroFab®
· Crotalus atrox 

(Western Diamondback rattlesnake)
· Crotalus adamanteus 
(Eastern Diamondback rattlesnake)
· Crotalus scutulatus 
(Mojave rattlesnake)
· Agkistrodon piscivorus 
(Cottonmouth) 

*
Polyvalent Europe (Behring)
· Vipera berus, V. ammodytes, V. aspis, V. lebetina, V. xanthina

*

Polyvalent Europe: ViperFav (Aventis)
· Vipera berus, V. ammodytes and V. aspis. 
*

Monovalent Europe: ViperaTab (Protherics)
· Vipera berus

*

Polyvalent India (Haffkine)
· Naja naja, Bungarus caeruleus, B. fasciatus, Vipera russelli, Echis carinatus

*

Examples of Cost price

· ´98 Ipser (European vipers) 

: 18.50 € per vial

· ´98 Crotalidae polyvalent Wyeth
: 293.17 € per vial

· ´99 Bitis-Echis-Naja 


: 134.51 € per vial

11 Exercises XE "Snakes: exercises" 
1.   Congo. A man is bitten by a cobra. He rushes to the hospital. After arrival he has absolutely no symptoms. Also over the following three days he displays absolutely no anomalies. Explanation?

2.   Gabon. A child was bitten by a snake 3 hours ago. There is an obvious painful swelling on the arm. The dead snake is available for inspection and the head is still intact. In the wide-open mouth there are long hinged teeth at the front. Do you expect respiratory paralysis? Do you administer neostigmine/atropine?

3.   A Thai farmer has a tooth pulled by the dentist. Afterwards he continues to bleed. He never bled like this earlier. He remembers that he was bitten by a snake several days ago. Could this be a significant fact?

4.   Tanzania. A python was chased away from the chicken coop. A child was bitten. What do you think?

5.   Antwerp. A man in a café tells how he earlier caught rattlesnakes in India and how he narrowly escaped a Russell´s viper bite in the jungle of Brazil. What do you think? Is the scar on his right arm really attributable to a viper bite in Madagascar?

6.   Angola. In the morning a woman was bitten in the left hand by a snake. A tight tourniquet was quickly applied above the elbow. In the afternoon she reaches the hospital. Her general condition is good, yet the woman can no longer move her fingers. Her hand is cold and numb. What do you think?

7.   Zimbabwe. The mobile vaccination team calls you urgently on the radio. A snake has just spat in the eyes of a child. What advise do you give them?

8.   India. One hour ago a man was bitten by a snake, species unknown. He is seeing double when he arrives a little later at your small hospital. He can scarcely keep his eyes open. What do you think?

9.   Burma. Two weeks ago a woman was bitten on the arm by a snake. There were no major consequences, but she still has local pain. An X-ray shows a white spot in the arm. What could this be?

10.  Liberia. A man was treated for a saw-scaled viper bite (Echis carinatus). He received antibiotics, wound cleaning and antiserum. Several weeks later he develops back pain and a fever. There is also itching and joint pain. Urine contains albumin. What do you think?

11.  Is there a direct link between the size of a snake and the danger it poses?

12.  A snake can always be correctly identified on the basis of the colour of its scales. Is this statement correct? 

