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ABSTRACT: Snakebites, being the major occupational hazard for farm workers,
claim a large number of lives in the Indian subcontinent. During the course of medical
management, identification of the biting species is given a low priority, resorting to
prescription of polyvalent anti-snake venom. Whereas the World Health Organization
(WHO) recommends monospecific anti-snake venom instead of polyvalent anti-snake
venom. Thus, it is essential to identify the aggressor species either by a visual
inspection or by the symptoms of the victim. Along with the four deadly venomous
species (cobra, krait, Russell's viper, and saw-scaled viper), there are a number of
other species of medical importance, whose venoms and bites have not been paid
much attention. Thus, a misclassification resulting into erroneous treatment cannot
be ruled out. This paper discusses the nature, constitution, and toxicity of venoms
and their possible toxic effects on victims of snakebites. An attempt has also been
made to categorize the distinctive symptoms due to the bites of the four major

venomous species and their severity grading.
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INTRODUCTION

Snakebite is an occupational hazard for farmers and farm laborers in the Indian
subcontinent. Every year approximately 15,000 people reportedly die due to snake
venom interaction in India alone (1). However, unreported deaths are estimated to be
many times greater than the reported cases in the subcontinent. Astonishingly, very
litle mention has been made in the medical curricula, which may be one of the
contributing factors to the high number of fatalities (24, 33). Statistics show that the
majority of victims belong to the group of rural farmers in the productive age, so any
loss of life in snakebite may severely affect the economy of the victim’s family (30,
31).

The Indian subcontinent, being tropical, harbors a variety of venomous and non-
venomous snakes (18). The four major venomous biting species are cobra or Naja
naja (Linné, 1758), krait or Bungarus caeruleus (Schneider, 1801), Russell’s viper or
Vipera russelli (Shaw, 1797), and saw-scaled viper or Echis carinatus (Schneider,
1801). The former two belong to the Elapidae and the latter two belong to the
Viperidae family. Although the environment, habitat and human activities determine
the number of incidences due to various species, Echis carinatus claims the majority
of bites in most parts of the subcontinent (7).

Often, during the course of medical management, identification of the species is not
paid much attention and the current practice is to prescribe equine polyvalent anti-
shake venom serum (ASV) to be administered intravenously, which neutralizes all the
four types of snake venom (3, 41). However, the ideal treatment is with
monospecific/monovalent antivenom, since this involves administration of a lower
dose of antivenom protein compared to polyspecific/polyvalent antivenoms (2, 16).
The current practice of polyvalent ASV application is also under scrutiny with the
assorted methods of administration suggested (7, 5, 36).

Another substantial issue in this regard is that a snakebite victim may exhibit certain
signs and symptoms, even if the species does not belong to the four types mentioned
above. This may lead to misclassification as well as improper treatment. Therefore, it
is important to understand all the species whose bite, venom or secretion may be
clinically significant. It is equally pertinent to know the toxic ingredients and specific
symptoms likely to develop in the victim for the identification of the species in every

case.
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SNAKE SPECIES OF MEDICAL IMPORTANCE

The snake species of interest can be classified into three main categories based on
their venom delivery apparatus. Proteroglyphs form the most venomous group while
the opistoglyphs are mildly toxic. Aglyphs are non-venomous, but they are also

medically important since they are capable of causing injuries.

Proteroglyphs

Snakes with front fangs belong to this category. All the four venomous snakes
previously mentioned, and three more venomous but euphemistic proteroglyph
shakes are commonly encountered in the Indian subcontinent.

a. Cobra: The subcontinent harbors many varieties of cobras but the primarily
identified species are binocled or spectacled cobra, monocled cobra, black
cobra, and albino cobra (44). No marked variation in their venom has been
observed by any research group, hence no separate descriptions of different
varieties are provided here.

b. Kraits: In the subcontinent, there is a variety of kraits which vary in size, color
and toxicity, but the common krait is considered the most aggressive species.
It is reportedly responsible for the biggest number of snakebite deaths in Sri
Lanka (19). It has small fangs and therefore indistinct bite marks.

c. Russell's Viper: It is a large and thick viper with one chain of rings on the
vertebrae and two more dorsal chains symmetrically placed on either side. It
has aggressive tendencies and may bite under provocations (18).

d. Saw-Scaled Viper: It accounts for more than two-third of the venomous bites in
the region (14). This small snake camouflages in the background, therefore
the victim often fails to sight it, particularly in the dark. It is aggressive and
coils in the shape of “8” with a sound of a saw cutting wood by rubbing its
scale.

e. Bamboo Pit Viper (Trimeresurus gramineus, Shaw, 1802):. It is a green-
colored, yellow-bellied snake, which often camouflages in the leaves and
therefore causes frequent envenomation to the forest dwellers. As a part of the
restructured pit viper phylogeny, some publications mention it as a lineage of

Trimeresurus stejnegeri (11, 26, 43).
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f.

King Cobra (Ophiophagus Hannah, Cantor, 1836): The largest venomous
shake found in the Indian subcontinent, it has some aggressive tendencies.
However, no significant fatalities due to this species are reported in the

subcontinent nowadays.

. Common Sea Snake (Enhydrina Schistosa, Daudin, 1803): It is the most

commonly encountered estuarine species. This snhake is one of the most
venomous and is found in the coastal aquaculture and river deltas. However, it

IS not aggressive towards human beings and its bites are very rare.

Opistoglyphs

The advanced snakes or the Colubridae (Opell, 1811) have large posterior teeth,

which may or may not be grooved. Evolution of toxins in the advanced snakes

(Colubridae) predated the evolution of advanced, front-fanged delivery mechanisms

(13). From a large spectrum of Colubridae of the subcontinent, the most frequently

encountered species are discussed here.

a. Common Cat Snake (Boiga trigonata, Schneider, 1802): This snake has large

eyes and large head, and resembles a saw-scaled viper except for the simple
“Y” design on its forehead compared to the fighter plane shape seen on a
viper forehead. The posterior fang marks may be absent in the bite but
erythema, purpura or edema may develop locally (43).

Green Vine Snake (Ahaetulla nasutus, Lacepede, 1789): This beautiful snake
resides in dense forests. Its head has a leaf-like appearance, helping to
camouflage in the green background. The large oval shaped eyes are the
prominent feature. Its venom is mildly hemotoxic, thus the victim may feel
dizziness for a couple of days with low-grade fever coupled with local edema
or erythema at the bite site.

Common Wolf Snake (Lycodon aulicus, Linné, 1754): This snake resembles a
krait but is lighter in color. Also, the transverse bands are wider than the paired
narrow transverse bands of a common krait. It has two sharp and long
maxillary teeth, which may be confused with fangs. Dizziness and slight

bleeding from the bite site may follow.

. Banded Kukri Snake (Oligodon arnensis, Shaw, 1802): This light-colored

snake has transverse dark bands on the entire body with a “V”-shape mark on
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the forehead. The maxillary teeth are bent inside, and an accidental bite may
look like an abrasion without significant symptoms.

e. Common Rat Snake (Ptyas mucosus, Linné, 1758): It is a large-sized snhake
commonly found in the human habitat. Although it avoids encounter with
human beings, it becomes aggressive in the mating season. Venom
interaction is rare due to the posterior fangs, but because of its large mouth
and teeth, mechanical injury and anxiety-related symptoms may be observed
in the victim.

f. Common Pond Snake (Natrix piscator, Schneider, 1799): This dark-colored
shake may raise its head and may imitate a cobra. Seen in different checkered
patterns, it often bites near water or in the water when someone steps on it
accidentally. Its venom is potent enough to kill a fish or a frog, but may cause

only local symptoms to a human being, mainly due to the mechanical injury.

Aglyphs

These non-venomous snakes are commonly encountered in the subcontinent. A
number of aglyph snakes may not be aggressive even if approached too close.
However, the two aggressive aglyphs are discussed here.

a. Common Indian Rock Python (Python molurus, Linné, 1758): This intimidating
large snake is often seen on trees and in large crevices. A well-developed
python may attack a human being if reached too near. It may squeeze around
the prey to cause transverse bones fracture and asphyxia to kill and swallow
subsequently.

b. Common Sand Boa (Eryx conicus, Schneider, 1801): This snake resembles
Russell’s viper in shape, size and color, with a difference that it has one series
of irregular dorsal patterns on the vertebra whereas the latter bears three
chains. Its head is smaller; the neck is not distinguishable and the tail is
conical. The tail helps in digging and the species remains hidden in the sand.
An accidental step on a member of the species may result in many bites and a

consequent mechanical injury.
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TOXICITY AND CLINICAL FEATURES OF BITES
Snake venoms contain species-specific proteins with widely varying toxicological

features as summarised bellow.

Proteroglyphs

a. Cobra: The venom consists of three types of proteins: cardiotoxin, neurotoxin,
and phospholipase A2 (PLA,). Toxins belonging to cardiotoxin and neurotoxin
groups are small molecular weight proteins, cross-linked by four disulfide
bridges at homologous positions. Members of these two toxin groups share
more than 50% homology in their amino acid sequences but exhibit drastically
divergent biological properties (42). It would be appropriate to mention here
that snakes possibly adhere to a policy of structural economy by utilizing a
limited number of molecular molds to achieve a remarkable functional diversity
(32).
In contrast to cobra neurotoxins, which interact with the post-synaptic
acetylcholine receptor, the cardiotoxins show no defined cellular targets and
have very diverse pharmacological effects, including lethal toxicity, hemolysis,
muscle contracture, and activation of tissue phospholipase C (46).
Cardiotoxins also involve membrane depolarization and ultimate cytolysis in
many types of tissues; so it is referred to as direct lytic factor (17). They also
exhibit activities like prevention of platelet aggregation and inhibition of Na,
K*ATPase and protein kinase C (21). Other studies suggest that cardiotoxin-
induced Ca®" influx may cause cell injury resulting in ischemia and thus
causing the release of a large amount of catecholamines (8, 50).
Phospholipase A, catalyses the hydrolysis of phospholipids and generates
free fatty acids and lyso-phospholipids. Severe inflammation and necrosis in
the affected tissue area may be due to the cardiotoxins and/or PLA; or their
synergistic effect (47). Later, it was identified that increasing doses of PLA; do
not constitute a change in the serum level of the pro-inflammatory cytokines
tumour necrosis factor (TNF)-a and interleukin (IL)-1la but induce a dose-
dependent increase in the anti-inflammatory cytokine IL-1ra (10).
Selective interaction of cardiotoxins and PLA; with glycosaminoglycans may

be responsible for cardiotoxicity and local symptoms like inflammation and
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necrosis near the affected tissue area (47). Cobra can deliver 60 mg of venom
in a single bite, which is five times its fatal dose (16).

b. Kraits: Out of the two varieties of Bungarus species found in the subcontinent,
common krait (Bungarus caeruleus) and banded krait (Bungarus fasciatus),
the former is responsible for nocturnal human bites and large mortality (19,
40). The latter is not so aggressive and envenomation by this snake in the
subcontinent has not been reported in literature.

The common krait has small and fixed front fangs. Its bite may not be painful
and the local symptoms are barely discernible, but systemic symptoms and
abdominal pain are the distinctive features of a krait envenomation, along with
hypokalemia (19, 37). The neurotoxins in the krait venom are prominently pre-
synaptic and prevent release of acetylcholine at the neuromuscular junctions
(). Krait venom has a fatal dose of 6 mg with an average deliverable dose of
20 mg (16).

A brave victim has published his own experience, mentioning the local and
systemic manifestations, but it appears to be a case of misclassification of the
species (20). An attempt has been made to develop an ISFET (ion sensitive
field effect transistor)-based immunosensor for the detection of -
Bungarotoxin, a major constituent of krait venom, in order to identify such
venom in the victim (38).

c. Russell's Viper: The venom causes local and hemotoxic manifestations with
distinctive blister formation on the affected limb (41, 48). It is used as a
proteolytic agent alone or synergistically with others (29). Hematuria, renal
failure, hyper edema, hemorrhage and anemia are other typical features in
Russell's viper envenomation. This snake has a fatal dose of 15 mg and the
average venom yield per bite is 63 mg (16). The purified protein of 15.3 kDa
molecular weight, with LDso of 0.1 mg/kg, is the most toxic PLA, reported from
the Indian subcontinent (6).

d. Saw-Scaled Viper: It constitutes about 80% of the total venomous bites in
some geographical areas (7). Ecchymosis, rise in CT/BT, hematological
complications, local pain and edema can help in identifying an Echis bite (22).
Untreated Echis envenomation may involve multiple organs and the patient

may suffer from hematuria, melena, renal failure, hemorrhage, anemia and
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hypotension. No cases of any significant cardiotoxins have been reported by
any research group but some case reports have indicated myocardial
ischemia following viper bites (4, 25, 35). The LDsy is 6.65 mg/kg and an
average bite may yield about 40 mg of venom (18, 39). However, in the
northern part of the subcontinent, because of the larger size of the endemic
species, the average dose may be greater than the reported one.

e. Bamboo Pit Viper: It has a fatal dose of 100 mg but the maximum extractable
venom dose is only about 14 mg (18). The bites are never alarmingly toxic and
no mortality has been reported. However, PLA,, 14kDa, is one of its main
constituents, with a number of isoforms, and shows moderate anti-platelet
activities, edema, mild anti-coagulating and myotoxicity resulting in local
swelling, dizziness and morbidity (43).

f. King Cobra: Although king cobra envenomation cases are almost non-existent
in the Indian subcontinent; its venom is functionally much similar to that of
cobras, with limited variations like serine proteinase blood coagulation factor X
activator (27). A unigue protein toxin (CMss - LDsp 28 mg/20 g in albino mice)
found in the venom has cardiotoxic and hemorrhagic characteristics, whereas
the crude venom has a reported fatal dose of 12 mg (15, 18). However, it may
contain and deliver venom many times the fatal dose because of its large
venom glands.

g. Common Sea Snake: Its venom possesses potent post-synaptic neurotoxic
activity with a fatal dose of 0.6 mg for a 60-kg body (9, 18). It is reported that
nearly 80% of sea snake bites fail to produce significant envenomation, and
bites may be inconspicuous, painless, and free of edema, but severe
envenomation may cause neurological complications, oliguria, and

hyperkalemic cardiac arrest (12).

Opistoglyphs

The grooved teeth may deliver Duvernoy’s secretions, which are homologous to the
venom gland secretions in Elapids and Viperids but functionally much milder. Hence,
symptomatic manifestations are possible but may not be fatal. The posterior fang
marks may be absent in the bite, but erythema, purpura or edema may develop
locally. PLA; is widely spread in Colubridae venom (13). The venom may be mildly
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hemotoxic and thus the victim may feel dizziness for a couple of days with low-grade
fever and local edema or erythema at the bite site. Sometimes, an accidental bite
may look like an abrasion or a mechanical injury without significant symptoms.
Nevertheless, the bite is either non-venomous or trivially venomous. However,
Colubridae venom remains unexplored to a great extent and there is a rich

opportunity for research in this area (23).

Aglyphs

These snakes do not have venom gland, fangs or any other venom delivery
instrument, so they are non-venomous, but some of the frequent encounters may
cause mechanical injury to human beings because of their maxillary teeth, and a tight
grip by a python around the chest may lead to restricted respiration and asphyxia.

SUMMARY OF MANIFESTATIONS

To reduce the chances of a misdiagnosis and for a proper species classification,
concise information is provided in Table 1. Envenomation has also been graded
according to the manifested symptoms. A grade may include the symptoms of its
lower grades as well. Also, the Russell’s viper bites may produce symptoms similar to
those observed in saw-scaled viper because of the similarities observed in their
hemotoxicity.
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Table 1. Symptomatic species-specific severity identification of venomous snakes

from the Indian subcontinent.

Grade | Grade I Grade I Grade IV Distinct
Species Mild Moderate Severe Very Severe Feature
Saw-Scaled One or two | Rise in CT/BT, | Hemorrhage, Renal failure, | Rapid
Viper punctures, edema, local | hematuria, hypotension, discoloratio
: ecchymosis, | cyanosis, melena, severe anemia, | n near the
swelling, bleeding from the | anemia, reduction in | puncture,
local pain bite site coagulopathy | SpO2 frequent
bites on the
apex
One or two | Along with the | Along with the | Along with the | Blisters
punctures, above- above- above- formation,
ecchymose, | mentioned, mentioned, mentioned, punctures
swelling, blisters on the | hyper edema, | hyper edema | bigger and
local pain limb blisters and | and blisters on | wider than
necrosis on | the limbs those of
the limb Saw-Scaled
Viper
One or two | Sluggish optical | Ptosis, dilated | hypotension, Rapid
distinct fang | response, pupils, local | unconscious cardiac and
marks, local | edema, diplopia | necrosis, state, cardiac | systemic
pain, and confusion arrhythmia, arrest, features
ecchymosis respiratory respiratory with
and swelling difficulty, low | arrest prominent
Sp02, CNS local
and cardiac features
features
Miniscule Sluggish optical | Dilated pupils, | Hypotension, Minimal
fang marks, | response, ptosis, | ptosis, low | unconscious local
difficulty in | diplopia, Sp02, poor | state, coma, | symptoms,
swallowing | glossopharyngeal | respiration, respiratory colic and
after  5-12 | dysfunction, arrhythmia, arrest, sudden | hypokalemi
hours hypokalemia. glossopharyng | cardiac arrest a

eal palsy, colic
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SCORPION ENVENOMATION

Snake and scorpion habitats are not much different. Areas of vast vegetation and
damp and moderately warm climate are their common choicest domicile. Scorpion
envenomation in children can be a potentially fatal condition. Neurotoxins and
cardiotoxins are present in the majority of scorpion venoms (28), which affects the
cardiovascular system, the central nervous system and causes pulmonary edema
along with severe local pain (49). Thus, it is highly probable that a person stung by a
scorpion may be taken as a case of Elapid (cobra or krait) snakebite and may be
treated with anti-snake venom serum, leading to some unsolicited complications.

The simplest distinguishing features between the neurotoxicity of an Elapid
envenomation and a scorpion envenomation are peripheral hypothermia, variations in

serum blood glucose and pupil reaction to light (34).

CONCLUSION

As per the recommendations of WHO, the most effective treatment for snakebite is
the administration of monospecific ASV (45). Hence, the identification of the
aggressor species becomes the utmost requirement for medical management.
Attempts have been made to develop field ELISA kits and electronic immunosensors
for identification of the species (38, 39). Until the definitive methods become
commercially available and viable, the attending medical staffs have to depend on
their wisdom and capability to classify the species and assess the envenomation
severity.

In this paper, an attempt was made to explain the toxicity of individual species and
species-specific symptoms developed in the victims of snakebites, which may help in
the proper identification of the aggressor and in grading the envenomation. However,
due to a number of reasons, management of snakebite cases in the Indian
subcontinent is a challenge and needs a networked and well-coordinated effort
across the boundaries of the nations.
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