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Control culture flasks are included for each medium. Flasks are incubated at 20–25 ºC (trypticase 
soy broth) or at 30–35 ºC (thioglycolate) for 14 days. Culture flasks are examined daily for 
bacterial or fungal growth. The number of vials tested per batch should be in compliance with 
local regulations.  

15.1.13 Concentration of sodium chloride and other excipients  

The concentration of the various excipients or stabilizers added for formulation should be 
determined using appropriate chemical methods. 

15.1.14 Determination of pH  

The pH of antivenom should be determined using a potentiometer. 

15.1.15 Concentration of preservatives  

When used in the formulation of antivenoms, the concentration of preservatives (phenol or 
cresols) should be quantified. The acceptable range of preservative concentration in antivenoms 
should be established and validated in each quality control laboratory. Phenol concentration 
should not exceed 2.5 g/l and cresols 3.5 g/l.  

Phenol concentration can be determined spectrophotometrically on the basis of the reactivity of 
phenol with 4-aminoantipyrine, under alkaline conditions (pH 9.0-9.2) in the presence of 
potassium ferrocyanide as oxidant. Other methods are also available. Cresols can be determined 
by HPLC methods. 

15.1.16 Chemical agents used in plasma fractionation  

The chemical reagents used in the precipitation and purification of antivenoms, such as 
ammonium sulfate, caprylic acid and others, should be removed from the final product during 
diafiltration or dialysis. Limits should be established and their residual amount quantified in the 
final product. Likewise, the elimination of pepsin or papain from the final preparations should be 
guaranteed, especially for preparations that are maintained in liquid form, to avoid proteolytic 
activity that may damage the antivenoms. 

The determination of the residual amount of agents used in plasma fractionation could be 
excluded from routine release testing if the process of manufacturing has been validated to 
eliminate these reagents. The detection of residual reagents can also be performed on the final 
bulk rather than in the final product. 

15.1.17 Residual moisture (freeze-dried preparations)  

Residual moisture content can be determined by several methodologies, such as: 

− a gravimetric method assessing the loss of weight on heating;  

− the Karl-Fischer titration, based on the principle that iodine, together with pyridine, 
sulfur dioxide and methanol from the reagent react quantitatively with water; and  

− thermogravimetric methods.  

The methodology most commonly recommended is the Karl-Fischer titration. Every 
manufacturing and quality control laboratory must establish the accepted maximum residual 
moisture for their antivenom ensuring the stability of the product over its claimed shelf-life. A 
residual moisture content of less than 3% is usually recommended for most freeze-dried 
therapeutic biological products.  
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15.2 Antivenom reference preparations 

The use of in-house reference preparations of antivenoms, instead of international standards, is 
recommended, since the potency and specificity can only be compared with antivenoms of 
similar specificity and neutralizing profile. An in-house reference preparation should be obtained 
from a suitable batch of the product that has been fully evaluated by the quality control 
laboratory.. 

15.3  Main recommendations 

• Quality control of antivenom preparations, both for product intermediates and final 

product, as part of the batch release, should be performed by the manufacturers. 

National regulatory agencies will review the tests performed by the manufacturer 

and select which tests to develop, when required, on a case-by-case basis.  

• Quality control tests to be performed by manufacturers as part of the batch release 

include: neutralization potency test against the most relevant venoms, identification, 

protein concentration, purity of the active substance, content of protein aggregates 

and non-IgG contaminants, pyrogen test, sterility test, concentration of excipients, 

osmolality, pH, concentration of preservatives, determination of traces of agents 

used in plasma fractionation, visual inspection, and, for freeze-dried preparations, 

residual moisture and solubility.  

• Antivenom reference preparations reflecting specific characteristics of antivenoms 

produced should be prepared by each manufacturer to be used as standards in their 

laboratory settings, in particular to measure neutralization capacity of their specific 

antivenom products against targeted venoms. When possible, a national reference 

antivenom should be established. 

16 STABILITY, STORAGE AND DISTRIBUTION OF ANTIVENOMS 

16.1 Stability 

Stability studies should be performed to determine the stability of antivenoms. These studies 
should be done when a new product, a process change, or a new formulation is developed. They 
are essential to define the shelf-life of the product and are intended to prove that the antivenom 
remains stable and efficacious until the expiry date.  

It has long been considered, somewhat empirically, that liquid preparations have a shelf-life of 
up to 3 years at 2-8 °C, and freeze-dried preparations up to 5 years, when kept in the dark at 
room temperature. Nevertheless, the actual stability of each antivenom formulation should be 
appropriately determined by each manufacturer. It is highly recommended that manufacturers 
perform stability studies to evaluate the possibility that their preparations could be stored for a 
long period under non-refrigeration (for instance at 30 °C).  

Real-time stability tests should be performed under the expected storage conditions of the 
antivenom. In addition, these tests could be performed under worst-case storage conditions. 
Quality control parameters are determined at regular pre-established time intervals. Essential 
parameters include venom neutralization potency, turbidity and content of aggregates, among 
others, since these are especially prone to alter upon storage.  

Accelerated stability studies may be performed to provide early useful information on the 
product stability profile, but are not a substitute for real-time data. The antivenom is exposed to 
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harsher conditions than usual, such as a higher temperature, and the stability is assessed over a 
shorter timespan. 

16.2 Storage  

Antivenoms should be stored at a temperature within the range that assures stability, as found by 
stability tests. This is particularly critical for liquid formulations, which usually require storage at 
between 2 and 8 °C. Therefore, deviations from this temperature range, due to interruptions in 
the cold chain during transportation or storage, are likely to result in product deterioration. The 
design of adequate cold chain programmes, as part of the public health systems in every country, 
is critical, and national protocols should be developed. The distribution policies for national 
vaccination programmes can be adopted for the transportation and storage of antivenoms. The 
stability of liquid preparations at temperatures higher than 2-8 °C should be evaluated and, if 
needed, new formulations allowing such storage conditions should be developed.  

16.3 Distribution 

Adequate distribution of antivenoms is a matter of great concern in many regions of the world. 
Since most of the antivenoms available are liquid preparations, the maintenance of an adequate 
cold chain must be guaranteed, despite the difficulties to be encountered in rural areas of some 
developing countries. National and regional health authorities should develop distribution 
strategies to ensure that antivenoms are allocated to the areas where they are needed or use the 
distribution channels in place for other national primary health care programmes. Both the 
specificity of the antivenom and the number of vials or ampoules to be distributed should be 
taken into consideration. This is particularly relevant in countries that use monospecific 
antivenoms, since distribution of these products should be guided by the known distribution of 
the species. To ensure an appropriate supply for clinical use, inventories should be in excess of 
the estimated number of cases, to allow for unpredictable surges in local demand, accepting that 
some antivenoms will not have been used by the time of their expiry date.  

16.4 Main recommendations 

• The quality control of each antivenom batch prepared by a manufacturer should 

include the potency test for neutralization of lethality (ED50). 

• In general, liquid preparations require a cold chain, whereas freeze-dried 

preparations do not. However, storage conditions are product- or formulation-

specific and may vary. Manufacturers should determine the stability of each 

antivenom pharmaceutical preparation by conducting real-time stability studies.  

• Manufacturers should study the stability of antivenoms at the ambient 

temperatures in the areas where the product will be used. 

• The distribution of antivenoms by health authorities should rely on a proper 

assessment of the epidemiology of snakebite envenomings, and on the knowledge of 

the geographical distribution of the most relevant venomous species. This is 

particularly important for monospecific antivenoms. 

• National regulatory authorities should ask manufacturers to provide information 

obtained from the preclinical assessment of all antivenom used in their territories 

against the venoms found in the region or country where the product is intended to 

be used.  
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17 PRECLINICAL ASSESSMENT OF ANTIVENOMS 

17.1 Introduction  

A fundamental and ethical requirement of all new therapeutic agents intended for human use is 
that their safety and efficacy should be established, initially by preclinical in vitro and in vivo 
laboratory tests and, if the results of these prove satisfactory, by clinical trials in human patients. 
Information supporting the physicochemical characterization of the new antivenom, such as 
protein content and level of purity of the preparation should be available before clinical studies 
are initiated. The assays to be performed are described under section 15, on quality control of 
antivenoms. 

Preclinical testing of antivenoms should be done when:  

− a new antivenom is being developed;  

− an existing antivenom is to be introduced for use in a new geographical region or 
country.  

In both cases, preclinical studies in animal models should be a regulatory requirement enforced 
by the medicines regulatory authorities as part of the licensing procedures for antivenoms.  

The preclinical tests of new or existing antivenoms necessitate the use of experimental rodents. 
Despite reservations over the physiological relevance of these animal models to human 
envenoming and the severity of these in vivo assays (sections 17.4 and 17.5), the tests for 
determining venom lethality (LD50) and antivenom neutralizing capacity (ED50) are currently the 
only validated means of assessing venom toxicity and antivenom neutralizing potency by both 
manufacturers and regulatory authorities worldwide.  

It is important to make a distinction between “essential” and “recommended” preclinical assays. 
The “essential” preclinical assays consist of the overall evaluation of toxic activity of the specific 
snake venoms (LD50) and the corresponding antivenom neutralizing efficacy of the overall 
venom(s) toxicity (ED50). These tests are required:  

− for the routine quality control of antivenom potency;  

− to test the ability of a new antivenom to neutralize the venoms from snakes from the 
country or region where it is going to be introduced;  

− to show neutralizing efficacy of an existing antivenom against medically relevant species 
in a new geographical region or country.  

In summary, before any antivenom is used therapeutically in humans in a given region or 
country, it should have been preclinically assessed using the “essential” assays against the 
relevant snake venoms.  

Preclinical testing of antivenoms also includes a number of assays whose selection depends on 
the main pathophysiological effects induced by the venom to be tested. Additional tests are 
therefore strongly recommended for new antivenoms and for new applications of existing 
antivenoms to determine whether they are effective in eliminating the most clinically-relevant 
pathophysiological effects induced by the specific venom(s) of interest.  

As an example, a new antivenom developed against Echis ocellatus envenoming should be tested 
for its preclinical neutralizing potency (LD50 and ED50 tests):  

− before it is released for the first time for human trials; and  

− for the routine quality control of the potency of subsequent batches.  
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It is also recommended that the first batch be preclinically tested for its ability to eliminate 
venom-induced coagulopathy and haemorrhage – the most medically important effects of 
envenoming by E. ocellatus. 

17.2 Essential assay for preclinical testing of antivenoms: prevention of lethality 

The methodology for estimating the median lethal dose (LD50) of venoms and the median 
effective dose (ED50) of antivenoms is described in detail in the section on quality control of 
antivenoms (section 15). The same methods used in the routine quality control of antivenoms 
should be used in the preclinical testing of all new antivenoms and all new applications of 
existing antivenoms.  

17.3 Additional recommended assays for preclinical testing of antivenoms 

It is necessary to test whether antivenoms are effective in the neutralization of the most relevant 
pathophysiological effects induced by a particular venom. These “recommended” preclinical 
tests are, however, not intended for the routine quality control of antivenom batches. The 
relevant methods to be used are listed below.  

17.3.1 Neutralization of venom haemorrhagic activity 

Many venoms, especially those of vipers, exert powerful local and systemic haemorrhagic 
activity which is due primarily to venom zinc metalloproteinases. These enzymes damage the 
basement membrane that surrounds the endothelial cells of capillary blood vessels resulting in 
bleeding into the tissues. Bleeding into the brain and other major organs is considered to be the 
major lethal effect of envenoming by many viperid species (106). The minimum haemorrhagic 
dose of a venom (MHD) is defined as the amount of venom (in µg dry weight) which, when 
injected intradermally, induces in mice a 10-mm haemorrhagic lesion 24 hours after injection 
(107, 108).  

The MHD test is carried out by preparing aliquots of 50 µl of physiological saline solution 
containing a range of venom doses. Mice (18–20 g body weight; 5 mice per group) are placed 
under light general anaesthesia (e.g. halothane/oxygen) and the hair surrounding the injection 
site is shaved. The venom solutions (50 µl) are injected intradermally in the shaved skin. After 
24 hours, mice are killed using an approved humane procedure, the area of the injected skin is 
removed, and the haemorrhagic lesion in the inner side of the skin is measured using calipers in 
two directions with background illumination. Care should be taken not to stretch the skin. The 
mean diameter of the haemorrhagic lesion is calculated for each venom dose and the MHD 
estimated by plotting mean lesion diameter against venom dose and reading off the dose 
corresponding to a 10-mm diameter (107, 108). 

To estimate the ability of an antivenom to neutralize venom-induced haemorrhage, a “challenge 
dose” of venom is selected, which corresponds to one or more MHDs. Between one and five 
MHDs have been used as the challenge dose by different laboratories. The test is carried out as 
above, using 5 mice per group. Mixtures of a fixed amount of venom and various dilutions of 
antivenom are prepared so that the challenge dose of venom is contained in 50 µl. Controls must 
include venom solutions incubated with physiological saline solution alone. Mixtures are 
incubated at 37 °C for 30 min, and aliquots of 50 µl are injected intradermally in lightly 
anaesthetized mice. The diameter of haemorrhagic lesions is quantified as described above, and 
the neutralizing ability of antivenom, expressed as MHD-median effective dose (ED50), is 
estimated as the volume of antivenom, in microlitres, which reduces the diameter of 
haemorrhagic lesions by 50% when compared with the diameter of the lesion in animals injected 
with the control venom/saline mixture (108).  
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17.3.2 Neutralization of venom necrotizing activity 

Venom-induced local dermonecrosis is a major problem in human victims of snakebite and it has 
long been considered important to have an assay system to evaluate the effect of an antivenom 
on this pathology. However, it should be noted that the value of antivenoms in overcoming the 
cytolytic effects of venoms has not yet been established; indeed, there is considerable doubt 
whether antivenom is useful in obviating such effects in human victims of snakebite. This is 
because venom-induced dermonecrosis occurs quickly after a bite and there is usually a 
considerable delay between the envenoming of a victim and his or her arrival in hospital for 
treatment. Consequently, antivenom therapy can have little or no effect in reversing the damage 
(109, 110). Animal experiments in which the antivenom was administered to the animal at 
different times after the venom support this opinion (110, 111). 

The minimum necrotizing dose (MND) of a venom is defined as the least amount of venom (in 
µg dry weight) which, when injected intradermally into groups of five lightly anaesthetized mice 
(18–20 g body weight), results in a necrotic lesion of 5 mm diameter 3 days later. The method 
used is the same as that for the MHD, except that the skin is examined 3 days after the 
intradermal injection of the venom (107). 

To estimate the ability of an antivenom to neutralize venom-induced dermonecrosis, a challenge 
dose of venom is selected, usually between one and two MNDs. The test is carried out as above, 
using 5 mice per group. Mixtures of a fixed concentration of venom and various dilutions of 
antivenom are prepared so that the venom challenge dose is contained in 50 µl. Controls include 
venom solutions incubated with physiological saline solution alone. Mixtures are incubated at 
37 °C for 30 min, and aliquots of 50 µl are injected intradermally in lightly anaesthetized mice 
(112, 113). The diameter of dermonecrotic lesions is quantified 3 days after injection, as 
described above, and the neutralizing ability of antivenom, expressed as MND-median effective 
dose (ED50), is estimated as the volume of antivenom, in microlitres, which reduces the diameter 
of necrotic lesions by 50% when compared with the diameter of the lesion in mice injected with 
the control venom/saline mixture.  

17.3.3 Neutralization of venom procoagulant effect 

Many venoms, especially from some vipers, cause consumption of coagulation factors which 
results in incoagulable blood. This, combined with the haemorrhagic nature of some of these 
venoms, can result in a very poor prognosis for a severely envenomed patient. Simple in vitro 
methods exist to measure this venom-induced pathophysiological effect and the ability of an 
antivenom to eliminate it.  

The minimum coagulant dose (MCD) of a venom is defined as the least amount of venom (in mg 
dry weight per litre of test solution or µg/ml) that clots either a solution of bovine fibrinogen (2 
g/l) in 60 sec at 37 oC (MCD-F) and/or a standard citrated solution of human plasma (fibrinogen 
content 2.8 g/l) under the same conditions (MCD-P). 

For measurement of the MCD-F, 50 µl of physiological saline with final venom concentrations 
ranging from 240 to 0.5 mg/l is added to 0.2 ml of bovine fibrinogen solution at 37 oC in new 
glass clotting tubes. The solutions are mixed thoroughly and the clotting time recorded. The 
MCD-P is estimated by adding the same venom concentrations to 0.2 ml of the standard human 
plasma solution under identical conditions and recording the clotting time. In each case, the 
MCD is calculated by plotting clotting time against venom concentration and reading off the 
level at the 60-second clotting time (107). 

To estimate the ability of an antivenom to neutralize venom procoagulant activity, a challenge 
dose of venom is selected, which corresponds to one MCD-P or one MCD-F. Mixtures of a fixed 
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concentration of venom and various dilutions of antivenom are prepared so that the challenge 
dose of venom is contained in 50 µl. Controls include venom solutions incubated with 
physiological saline solution alone. Mixtures are incubated at 37 °C for 30 min, and aliquots of 
50 µl are added to 0.2 ml of plasma or fibrinogen solution, as described. The formation or 
absence of clots is observed during a maximum of 30 min. The minimum volume of antivenom 
which completely prevents clotting is estimated and corresponds to the MCD-effective dose.  

17.3.4 Neutralization of in vivo venom defibrinogenating activity 

This test is a direct measure of the in vivo defibrinogenating effect of certain venoms. To 
measure the minimum venom defibrinogenating dose (MDD), a wide range of venom doses is 
selected and each dose, in a volume of 0.2 ml, is injected intravenously into 4 mice (18–20 g 
body weight). One hour after injection, the mice are placed under terminal general anaesthesia 
and bled by cardiac puncture. The blood from each animal is placed in a new glass clotting tube, 
left at room temperature for 1 hour and the presence/absence of a clot recorded. The MDD is 
defined as the minimum dose of venom that produces incoagulable blood in all mice tested 
within 1 hour of intravenous injection.  

Antivenom neutralization of the venom component(s) responsible for in vivo defibrinogenation 
is estimated by incubating a challenge dose of venom, corresponding to one MDD, with different 
amounts of the antivenom. Controls should include venom solutions incubated with saline 
solution instead of antivenom. Mixtures are incubated at 37 °C for 30 min before injection of 0.2 
ml by the intravenous route in groups of 4 mice (18–20 g body weight). After 1 hour, mice are 
bled as described above, the blood is placed in new glass clotting tubes and left undisturbed for 1 
hour at room temperature, after which the presence or absence of a clot is recorded. Neutralizing 
ability of antivenoms is expressed as MDD-effective dose, corresponding to the minimum 
volume of antivenom in which the blood samples of all injected mice showed clot formation 
(113, 114).  

17.3.5 Neutralization of venom myotoxic activity 

The presence of myotoxic components in a venom results in the degeneration of skeletal muscle 
by breaking down muscle fibres. Damage is characterized by the disruption of plasma 
membranes, local infiltration of inflammatory cells and oedema. Myotoxicity is characterized by 
the appearance of myoglobin in urine and by increments in the serum levels of muscle-derived 
enzymes, such as creatine kinase (CK). Myotoxic phospholipase A2 (PLA2) enzymes are found 
in a wide range of snake venoms. Some of these PLA2s may be primarily myotoxic, or 
neurotoxic, or both. In addition, myotoxicity may occur as a consequence of ischaemia induced 
in muscle fibres by the effect of haemorrhagic venom components in the microvasculature (115). 

Venom myotoxic activity is determined by injecting rats or mice with various doses of venom in 
a constant volume of 50 µl (using saline solution as diluent) into the right gastrocnemius muscle. 
In the case of mice, groups of 5 animals of 18–20 g body weight are used per dose. Control 
animals are injected with the same volume of saline solution. Tail-snip blood samples are 
collected at a specific time interval (3 hr in mice), and the CK activity of serum or plasma is 
determined using commercially-available diagnostic kits (116, 117). Myotoxic activity is 
expressed as the minimum myotoxic dose (MMD), defined as the amount of venom that induces 
an increment in serum or plasma CK activity corresponding to four times the activity in serum or 
plasma of animals injected with saline solution alone. Myotoxicity can also be assessed by 
histological evaluation of muscle damage after venom injection, although this is a more 
expensive and more time consuming method than the CK determination. 
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To estimate the ability of an antivenom to neutralize venom myotoxicity, a challenge dose of 
venom is selected, which corresponds to 3 MMDs. The test is carried out as above, using 5 mice 
per group. Mixtures of a fixed concentration of venom and various dilutions of antivenom are 
prepared so that the challenge dose of venom is contained in 50 µl. Controls include venom 
solutions incubated with physiological saline solution alone. Mixtures are incubated at 37 °C for 
30 min, and aliquots of 50 µl are injected into the gastrocnemius muscle, as described above. 
Blood samples are collected 3 hours after injection (in the case of mice) and serum or plasma CK 
activity is quantified. The neutralizing ability of antivenom, expressed as MMD-median effective 
dose (ED50) is estimated as the volume of antivenom, in microlitres, which reduces the serum or 
plasma CK activity by 50% when compared to the activity of animals injected with venom 
incubated with saline solution only (104).  

17.3.6 Neutralization of venom neurotoxic activity 

Several laboratory methods for assessing venom-induced neurotoxicity have been developed 
(e.g. chick biventer cervicis nerve-muscle preparation (118, 119); mouse hemidiaphragm phrenic 
nerve preparation (120–124), but they are difficult to perform, require costly equipment and 
expert technological help and are unlikely to be practicable for most antivenom producers. 
Mouse lethality tests are usually reliable in predicting the neutralization of neurotoxic effects of 
venoms. 

17.4 Development of alternative assays to replace murine lethality testing 

In vivo murine assays cause considerable suffering and there have been calls for the 
development of alternative assays to replace the standard LD50 and ED50 tests. The controversy 
relates to the balance between the clinical benefit to humans of preclinical testing against the cost 
to the experimental rodents (death, pain and distress). This issue is of considerable concern and 
in vivo tests should be conducted with the minimal number of animals necessary and using 
protocols designed to minimize pain and suffering. There are alternative tests (124), which 
reduce the need for experimental animals, use alternative non-sentient systems or use in vitro test 
systems. Unfortunately, such systems cannot currently replace the rodent toxicity tests. 
Consequently, the development of alternative methods to animal testing in the preclinical 
evaluation of antivenoms, should be encouraged and when live animals are absolutely necessary, 
anaesthesia or analgesia should be considered and evaluated to ensure that the humane benefits 
of anaesthesia or analgesia to the experimental animals do not invalidate the objectives of the 
assay by altering relevant physiological processes (53). The establishment of humane end-points 
to reduce suffering and limiting the duration of the assays to reduce the period of animal 
suffering is also encouraged, but would also need to be carefully evaluated to ensure the validity 
of the results. 

17.5 Limitations of preclinical assays 

It is acknowledged that the in vivo and in vitro essential and recommended preclinical tests have 
physiological limitations (the venom and venom/antivenom injection protocols do not represent 
the natural situation, and the physiological responses of rodents to envenoming and treatment 
may differ from those of humans). Such limitations make the rodent model of human 
envenoming and treatment less than ideal. Care should therefore be taken to avoid simplistic 
extrapolations from this assay to the clinical situation. Nevertheless, the LD50 and ED50 tests 
represent the methods most widely used for assessment of antivenom potency, and a number of 
clinical trials have demonstrated that the ED50 test is useful (124, 125), but not infallible (126, 
127), at predicting the efficacy of antivenoms in the clinical setting. An additional value of these 
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tests is the assurance that antivenoms are manufactured with an accepted, quantifiable and 
uniform neutralizing potency. 

17.6 Main recommendations 

• Preclinical testing of antivenoms both to determine the purification profile of the 

preparation and its venom(s) neutralization capacity in animal models should be a 

minimum regulatory requirement to be enforced by the medicines regulatory 

agencies. 

• The estimation of the ability of an antivenom to neutralize the lethal activity of 

venom(s) (LD50 and ED50) is the most relevant preclinical assessment and should be 

performed for all antivenoms.  

• All new antivenoms, as well as existing antivenoms to be used in new geographical 

areas, should furthermore be assessed for their ability to eliminate specific 

pathologies caused by the venoms of the snakes for which the antivenom has been 

designed. The selection of which preclinical recommended test(s) to perform will 

depend on the predominant pathophysiological effects induced by the specific snake 

venom and be appropriately adapted for each antivenom. The recommended tests 

are not required for quality control assessment of subsequent batches of antivenom. 

• Preclinical testing still relies heavily on the use of laboratory rodents and involves 

an unsatisfactorily high degree of suffering. The working protocols should 

recommend anaesthesia and analgesia to reduce suffering, where possible. Animals 

should be housed, fed and handled according to approved veterinary standards. 

• Research should be promoted for the development of both refinements of the in vivo 

assay protocols to reduce pain and suffering of animals, and of in vitro alternatives 

to the in vivo assays to reduce the number of animals used in preclinical testing. The 

results of any modified in vivo, or new in vitro protocols, should be rigorously 

compared with results from existing protocols to ensure the statistical validity of the 

newly developed methods. 

18 CLINICAL ASSESSMENT OF ANTIVENOMS 

18.1 Introduction 

Antivenoms are unusual among pharmaceutical agents in that they have been used in human 
patients for more than 100 years with little attention paid to clinical trials of their efficacy and 
safety. However, since the 1970s it has been clearly demonstrated that it is possible to carry out 
dose-finding and randomized controlled trials in human victims of snakebite envenomings. 
These studies have yielded very valuable information as in the case of clinical trials of other 
therapeutic agents which are generally regarded as the essential basis for regulatory approval.  

The standard pathway for clinical evaluation of new therapeutic products is: 

− Phase I: healthy volunteer studies – detection of unanticipated adverse events  

− Phase II: limited efficacy and safety studies, often dose-finding 

− Phase III: full-scale clinical evaluation, often randomized controlled trials 

− Phase IV: postmarketing surveillance 
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The appropriateness of this pathway for antivenoms depends upon a number of factors, including 
whether an antivenom is new or has been previously used in human patients and the practicality 
of undertaking such studies as well as national regulatory considerations.  

The conduct of clinical studies is guided by the principles set down in the international 
regulations governing good clinical practice (128–130). These principles emphasize the 
responsibilities of the researcher and of the organization sponsoring the research, act to protect 
participants in research and ensure that the conduct of the trial is likely to lead to reliable results. 
Clinical trials should be registered with an appropriate registration body, prior to 
commencement. 

18.1.1 Phase I studies 

Conventional clinical studies using healthy volunteers are not appropriate in the case of 
antivenoms1 because of the risk of anaphylactic and other reactions (e.g. pyrogenic or serum 
sickness and, rarely, hypersensitivity reactions) to volunteers. Phase I studies are primarily 
designed to detect unanticipated adverse events and there is extensive experience with antivenom 
treatment that allows a basic understanding of its pharmacokinetics.  

18.1.2 Phase II and III studies  

Phase II studies are usually conducted to optimize doses, establish safety of a product and give 
an indication of efficacy. Phase III studies are normally used to establish efficacy of a product, 
often in comparison with an existing product, or occasionally a placebo. Since antivenoms are so 
well established in the treatment of snake bite envenoming, the use of placebo controls is 
ethically acceptable only where there is genuine uncertainty about whether the benefit (degree of 
clinical improvement) from the antivenom outweighs the risk (potential rate of adverse events). 

18.1.3 Phase IV studies  

Phase IV studies are clinical surveillance studies that occur after market authorization of the 
product. In view of the difficulty in performing standard clinical trials of antivenom in some 
settings, this may be the only way to study safety and efficacy of an antivenom in a large number 
of patients.  

18.2 Clinical studies of antivenoms 

Although preclinical testing may be valuable in ensuring that antivenoms neutralize the venoms 
of interest, the complex effects of venoms in humans and the need to consider venom 
pharmacokinetics mean that, ultimately, the efficacy and safety of antivenoms for the treatment 
of human envenoming can only be determined by well designed clinical studies. Clinical studies 
of antivenoms primarily address three main issues: 

− assessment of the optimal initial dose of antivenom; 

− assessment of efficacy of the antivenom; and  

− assessment of the safety of an antivenom, particularly the incidence and severity of early 
and late reactions. 

Reaction rates for similar doses of a given batch of antivenom are unlikely to vary in different 
geographical locations. However, following initial preclinical testing, both efficacy and dose-
finding studies may need to be repeated for a new geographical location, depending upon the 

                                                           
1 Immunoglobulins derived from animal plasma. 
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similarity of the snake species in the new place with those where the antivenom was initially 
tested. If the species are similar, preclinical testing indicates good neutralization, and evidence of 
clinical efficacy exists in other places, postmarketing surveillance studies may be adequate. 

18.2.1 Dose-finding studies 

Dose-finding studies seek to establish the optimum initial dose of an antivenom required to 
control envenoming. The therapeutic dose of an antivenom administered by intravenous route 
depends on: 

− the quantity of venom injected;  

− the neutralizing potency of the antivenom; and  

− the dose regimen.  

The dose is calculated to neutralize a certain amount of venom and does not vary between adults 
and children. Preclinical testing may be used to estimate starting doses and these dose regimens 
may be evaluated in a number of ways using standard efficacy and safety end-points. Dose 
regimens can be assessed using prospective observational studies (79).  

In these, the proportion of patients with good clinical outcomes (for example, restoration of 
blood coagulability) can be observed with different or escalating doses of antivenom.  

As part of the design of the study, it is important to determine the minimum number of patients 
required to establish meaningful results by using sample size calculations (131). Results may 
sometimes be compared to those of previous studies (historical controls) to determine how the 
efficacy or safety of a newly introduced antivenom compares with previously used antivenoms 
(132). Subsequently, the minimum dose that appears to be effective can be evaluated in larger 
phase II trials or compared to another antivenom or a different dose in phase III randomized 
controlled trials. 

18.2.2 Randomized controlled trials 

Definitive phase III randomized controlled trials may require large numbers of patients because 
of considerable individual variation in the clinical manifestation of envenoming. The new 
antivenom is compared with the existing standard antivenom treatment or, if none exists, two 
different doses of the test antivenom may be compared. Placebo controls are rarely justified 
unless there is genuine uncertainty about the risk and benefits of antivenom treatment. In this 
situation, as a safeguard against unnecessary morbidity in either treatment group, a restricted 
sequential plan might be incorporated (133) which allows evaluation of results as the trial 
progresses, as in the early trials of therapeutic tetanus antitoxin (134).  

To avoid bias, patients should be randomly allocated to the groups and the study should be 
blinded, at a minimum to those research personnel who are assessing the clinical response and 
ideally to both investigators and participants. There should be a calculation of the number of 
patients required in each trial arm to give the study sufficient statistical power. These power 
calculations are based on the expected difference in outcome between the treatment groups (if 
designed to demonstrate superiority of one treatment over another) or predefined limits of the 
acceptable performance compared to an existing product (if designed to demonstrate that the new 
antivenom is not worse than existing products (non-inferiority)). 
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18.2.3 Efficacy end-points for antivenom trials 

The assessment criteria (end-points) used for antivenom studies should be predefined and 
objective. They may be clinical or assessed by laboratory investigations. Common end-points 
include mortality, time taken to restore blood coagulability (assessed by the 20-minute whole 
blood clotting test) (135), other laboratory parameters such as the prothrombin time, halting of 
bleeding or clinical improvement in neurotoxicity. Surrogate markers such as platelet count are 
less suitable as they may be affected by complement activation resulting from antivenom 
treatment itself. Patients should be observed carefully for long enough to reveal evidence of 
recurrent envenoming (seen particularly with short half-life Fab antivenoms) (136). 

18.2.4 Safety end-points for antivenom trials  

Because antivenoms consist of foreign proteins, adverse effects are an inevitable risk in therapy. 
Appropriate manufacturing steps can reduce the rate of adverse reactions. Rates of reaction are 
correlated with the purity of the antivenom product and the amount of protein infused. 
Continuous clinical observation at the bedside is necessary for several hours after treatment to 
detect acute reactions; late adverse reactions may occur several weeks later. Accurate reaction 
rates can only be assessed prospectively. Reaction rates may differ considerably between 
different antivenoms, but only a small proportion are life-threatening. Studies should aim to 
detect both early adverse events occurring at the time of, or within 24 hours of, antivenom 
administration (such as urticaria itching, fever, hypotension or bronchospasm) and late reactions 
such as serum sickness occurring between 5 and 24 days of antivenom administration (e.g. fever, 
urticaria, arthralgia, lymphadenopathy, proteinuria, or neuropathy).  

18.2.5 Challenges in clinical testing of antivenoms 

Several particular features of snakebite make clinical testing of antivenoms challenging. These 
features include the large variation in the consequences of envenoming between individuals 
making it necessary to study large number of patients, difficulties in identification of the species 
responsible for envenoming and the inaccessibility of areas where snakebite is sufficiently 
common to provide sufficient numbers of patients to study. Clinical studies may also be 
expensive, particularly if they need to be multicentre with the attendant additional complexity 
and logistics. However, despite these difficulties, a number of randomized controlled trials have 
been undertaken and published since 1974 (65, 78, 135, 137–142). 

18.3 Post-marketing surveillance  

Phase IV studies may be of much greater importance for antivenoms than is the case for other 
products. A period of active post-licensing surveillance should follow:  

− the introduction of a new antivenom (often a regulatory requirement); 

− the introduction of an established antivenom into a new geographical area. 

Although phase IV studies traditionally focus on safety, it is critical that postmarketing studies of 
antivenoms examine efficacy as well as the frequency of immediate or delayed side-effects. The 
combination of preclinical testing and postmarketing surveillance studies is a minimum 
acceptable clinical evaluation when an existing antivenom is used in a new region. 
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18.3.1 Possible approaches 

Passive surveillance is currently practised by some antivenom manufacturers. However, 
approaches that rely upon voluntary return of questionnaires about safety and efficacy are 
unlikely to provide the high quality data that are necessary. There are two potential approaches 
to obtaining such data. 

18.3.1.1 National or regional system for post-marketing surveillance 

Countries using antivenoms should establish a national or regional system for the postmarketing 
surveillance of antivenoms. Clinicians and health workers (such as those working in poison 
centres) should be encouraged to report actively to national control authorities and manufacturers 
any unexpected lack of clinical efficacy and adverse reactions. These should include both early 
adverse events, occurring at the time of, or within 24 hours of, antivenom administration, and, 
late reactions between 5 and 24 days. The mechanism for reporting (such as the use of 
standardized forms), the receiving body (e.g. the national control authority), the deadline for 
reporting, and the type of adverse events reportable need to be clearly defined by the authority 
and will depend on its structure and resources. The manufacturer of the antivenom and the 
authorities should assess these reports and, in consultation with one another and with specialists 
in the field, attempt to evaluate their significance. This assessment may require the testing of 
products already released and the inspection of production and control facilities and local 
distribution channels. If an imported product is associated with adverse reactions, the 
manufacturer and the national control authorities both in the country of distribution and from the 
country of origin should be notified.  

18.3.1.2 Observational studies 

In certain situations, for example, the first use of an established antivenom in a new geographical 
area or when routine surveillance has identified safety or efficacy concerns, there is a rationale 
for setting up observational studies to ensure adequate efficacy and safety. In the case of first use 
of an established antivenom in a new geographical area, such studies should follow preclinical 
testing that ensures neutralization of locally important venoms. Observational studies should 
carefully document the clinical responses to antivenom, the clinical outcomes and the frequency 
of reactions in a cohort of patients (143). 

18.3.1.3 Sentinel sites  

In some settings, where postmarketing surveillance of the whole of a country may be 
problematic, the use of sentinel sites may allow focusing of limited resources to maximize 
surveillance effectiveness. 

18.3.2 Responses to results of post-marketing studies 

High quality postmarketing studies will allow clinicians, public health officials and 
manufacturers to identify antivenoms with poor effectiveness, instances of incorrect use and 
dosage of antivenoms and serious safety issues arising from the use of antivenoms. In some 
situations, these issues may be addressed by improving training of staff in the management of 
snakebite, but these studies may also allow identification of the use of an inappropriate 
antivenom (144).  
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18.4 Main recommendations 

• Preclinical and clinical testing of antivenoms has been largely neglected in the past. 

Despite challenges, clinical trials of antivenoms in human patients have proved 

feasible and useful. As far as possible, trials should adhere to the principles of WHO 

and International Conference on Harmonisation (ICH) good clinical practice and 

should measure robust end-points. 

• National regulatory bodies should expect producers either to provide data 

confirming the clinical efficacy and safety of their antivenoms, against envenoming 

by local species of venomous snakes or, to support in-country clinical testing of these 

products.  

• Prospective observational studies are fundamental to ensuring the efficacy and 

safety of an antivenom when first used in a new geographical region. 

• Postmarketing surveillance studies should play a major role in the evaluation of 

efficacy and safety of antivenoms. 

19 ROLE OF NATIONAL REGULATORY AUTHORITIES 

The WHO Guidelines for national regulatory authorities on quality assurance of biological 
products (145, 146) state that national regulatory authorities should ensure that biological 
products distributed in their territories, whether imported or manufactured locally, are of good 
quality, safe and efficacious, and that manufacturers adhere to approved standards regarding 
quality assurance and good manufacturing practices. The responsibilities include the 
enforcement and implementation of effective national regulations, and the setting of appropriate 
standards and control measures. 

National regulatory authorities should increasingly play a pivotal role in ensuring the quality, 
safety and efficacy of antivenoms. In the procedure for granting the marketing authorization for 
an antivenom, information on the starting material, hyperimmune animal derived plasma, the 
production processes and the test methods to characterize batches of the product need to be 
documented as part of the dossier. An example of a summary protocol of manufacturing and 
control of snake antivenom immunoglobulins to assist national regulatory authorities in 
reviewing the quality of antivenom batches is shown in Appendix 2.  

Assurance of the quality, safety and efficacy of snake antivenoms involves the evaluation of 
information with regard to: 

− the preparation of snake venom batches representative of the poisonous animals and 
geographical region where the antivenom will be distributed 

− the control and traceability of immunized animals and animal immunization process  

− the collection, storage and transport of the hyperimmune plasma 

− the fractionation of the plasma and downstream processes to produce the antivenoms; 

− the test methods used to control batches of the product; 

− the preclinical data supporting the expected efficacy of the products for treatment of 
local envenomings; 

− the clinical efficacy of locally manufactured or imported antivenoms against the species 
of snakes found in the country, through active marketing surveillance.  
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19.1 Impact of good manufacturing practices  

Implementing the principles of GMP applied to the production of therapeutic products is 
acknowledged as essential for assuring the quality and safety of biological medicinal products. 
This approach becomes even more important and more complex due to the nature of the 
production process and the complexity and local specificities of snake envenomings. The 
implementation of an appropriate quality assurance system at all stages of manufacture, should 
be a pivotal element in ensuring the quality and safety of antivenoms. The following benefits 
derived from the compliance with GMP: 

− ensures the application of quality assurance principles at all steps involved in the 
production of animal plasma and the fractionation process of antivenoms;  

− reduces errors and technical problems at all stages of manufacture of plasma for 
fractionation and antivenoms;  

− ensures that only products which comply with quality and safety requirements, and their 
marketing authorization, are released for supply; 

− ensures adequate documentation and full traceability of plasma for fractionation and 
antivenom production;  

− enables continuous improvement in production of plasma for fractionation and 
antivenoms;  

− provides the basis for the national regulatory authorities to assess the compliance status 
of a manufacturer of antivenoms, either local or abroad;  

19.2 Establishment licence and Inspections 

The enforcement and implementation of inspection and licensing regulatory systems are 
fundamental tools to ensure the quality of antivenom immunoglobulins to treat snakebite 
envenomings. In many countries national regulatory authorities have implemented a control 
system based on licensing the establishments, inspecting them regularly, and enforcing the 
implementation of the legal requirements and applicable GMP standards. This should apply to 
the production of animal hyperimmune plasma for fractionation, and the manufacturing 
processes of the antivenoms. The inspections and control measures should be carried out by 
officials, representing the competent national regulatory authority. It is the responsibility of the 
inspector from the national regulatory authority to ensure that manufacturers adhere to the 
approved standards of GMP and quality assurance. 

Establishments involved in all or some stages of the manufacture of antivenoms should have an 
establishment licence and be inspected by the competent national regulatory authority. To obtain 
the licence, the establishments need to show that their operation ensures compliance with a 
defined set of requirements supporting the safety, quality and efficacy of the antivenoms. A 
system control for the venoms and for the animals should be in place as part of the procedures 
established for the production of animal plasma for fractionation. 

Inspections may follow common inspection procedures, including an opening meeting, 
inspection of main areas and activities for compliance with GMP requirements, a closing 
meeting, preparation of an inspection report and follow up of any deficiencies noted. The GMP 
requirements that should be covered during an inspection include verifying that all 
manufacturing processes and quality control tests are clearly defined and if necessary validated; 
all necessary resources are provided, including appropriately qualified and trained personnel, 
adequate premises, suitable equipment and services, appropriate materials, containers and labels, 
and suitable storage and transport; instructions and procedures are documented, approved, 
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implemented and maintained; records are kept and there is a system for handling complaints and 
product recall. 

A thorough inspection includes the observation of staff during performance of operations and 
comparison with established standard operating procedures. The inspection should not only be 
considered as checking compliance with procedures, but also as an indirect product quality 
assessment by checking product-specific validation and quality control data. 

A written report should summarize the main findings of the inspection including its scope, a 
description of the establishment, the deficiencies listed, specified and classified (e.g. as critical, 
major or minor), and a conclusion. The written report is sent to the manufacturer. The 
manufacturers are requested to notify the national regulatory authority about the specific steps 
which are being taken or are planned to correct the failures and to prevent their recurrence. If 
necessary, follow-up inspections should be performed to verify the successful implementation of 
specific corrective actions. 

The national regulatory authority should have the authority to withdraw an establishment licence 
if an inspection reveals critical non-compliance with the requirements or product specifications.  
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APPENDIX 1 

Worldwide distribution of medically important venomous snakes 

Venomous snakes are widely distributed especially in tropical countries, from sea level to 
altitudes of up to 4 900 metres (Gloydius himalayanus). The European adder (Vipera berus) 
enters the Arctic Circle, and the Argentine Yararanata (Bothrops ammodytoides) occurs to 47 ˚S 
and is the most southerly occurring venomous snake. No other venomous species occur in cold 
regions such as the Arctic, Antarctic and north of about latitude 51 ºN in North America 
(Newfoundland, Nova Scotia). 

This Appendix lists venomous snake species considered to represent the greatest threat to 

public health in various countries, territories and other areas or regions around the world. 
Only species that fall into one of the two categories listed below are shown, and category listings 
are in alphabetical order according to taxonomic family, genus and species. The intention in 
categorizing these medically important snakes into two groups is to provide users of the 
Guidelines with a prioritized listing. Species listed in Category 1 within a country, territory or 
area should be considered as being of highest priority for antivenom production on the basis that 
available knowledge implicates them as being responsible for the greater burden in that 
particular setting.  

Definitions of Category 1 and Category 2 are: 

CATEGORY 1: Highest medical importance 

Definition: Highly venomous snakes which are common or widespread and cause 
numerous snakebites, resulting in high levels of morbidity, disability or mortality. 

CATEGORY 2: Secondary medical importance 

Definition: Highly venomous snakes capable of causing morbidity, disability or death, for 
which exact epidemiological or clinical data may be lacking; and/or which are less 
frequently implicated (due to their activity cycles, behaviour, habitat preferences or 
occurrence in areas remote to large human populations). 

There are numerous other venomous species that rank as lesser threats in countries, territories 
and other areas listed here, and interested readers should refer to herpetological references in 
these guidelines. It should be noted that over time, as more information becomes available, new 
species may be added to these lists, and/or some species, currently defined within Category 1 or 
Category 2 may be re-ranked.  

It should also be noted that the organization of countries, territories and other areas in this 
Appendix does not follow the WHO regional organization, but is instead arranged bio-
geographically in alphabetical order of country, territory or geographical area. This approach 
was necessary to reflect the geographical distribution of major groups of venomous snakes 
throughout the world. For example, the venomous snakes of the eastern Indonesian Province of 
Papua have bio-geographical origins in Australo-Papua, and are evolutionarily distinct from the 
venomous snakes of Asian origin that occur west of Wallace’s Line which runs south of the 
Philippines, between Borneo and Sulawesi, and between Bali and Lombok separates the 
biogeographical regions of Asia and Australia. For this reason, we have listed the medically 
important snakes of Indonesian Papua in the Australo-Papuan region, rather than the South-East 
Asian region. 
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Users of this Appendix should also recognize that the relative risk of injury from a particular 
species may vary from one country, territory or area to another. For this reason, some species 
that have been listed under Category 1 in one country, territory or area may have been listed 
under Category 2 in another country territory or area, as a reflection of the different risk posed 
by that species in different locations. Assignment to Category 1 or Category 2 was based in some 
cases on the relative importance of a species as a cause of snakebite. In Europe for example, the 
overall incidence of snakebite is trivial compared to that in West Africa or India, but where a 
European species (such as Vipera berus) is a major (or sole) cause of envenoming where it 
occurs, this warrants ranking it as a medically important species in that setting. 

AFRICA AND THE MIDDLE EAST 

Island populations 

Off the coast of Africa, there are no medically important snakes in Mauritius, Réunion, 
Rodrigues, the Comoros, the Canary Islands, the Cape Verde Islands or the Seychelles. The 
islands that do have venomous snakes include the Lamu group, Zanzibar, Pemba and Mafia 
Islands, the Bazaruto Archipelago and Inhaca Island, São Tomé, Principe, Bioko (Fernando Po) 
and Dahlak Islands. The venomous snakes on these islands tend to be similar to those on the 
adjacent mainland. A colubrid, Madagascarophis meridionalis, and perhaps other species of the 
same genus, are the only terrestrial snakes of possible, if minimal, medical importance found in 
Madagascar. 

North Africa 

Algeria: 

Cat 1: Elapidae: Naja haje; Viperidae: Cerastes cerastes; Daboia mauritanica
1
 

Cat 2: 
Viperidae: Daboia deserti1; Echis leucogaster; Macrovipera lebetina; Vipera 

latastei 

Egypt:  

Cat 1: 
Elapidae: Naja haje; Viperidae: Cerastes cerastes; Echis coloratus (east), Echis 
pyramidum;  

Cat 2: 
Atractaspididae: Atractaspis engaddensis (Sinai); Elapidae: Naja nubiae1; 
Walterinnesia aegyptia (Sinai); Viperidae: Pseudocerastes fieldi  

The Libyan Arab Jamahiriya:  

Cat 1: Elapidae: Naja haje; Viperidae: Cerastes cerastes; Echis pyramidum 

Cat 2: Viperidae: Daboia deserti1 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Morocco:  

Cat 1: 
Elapidae: Naja haje; Viperidae: Bitis arietans; Cerastes cerastes; Daboia 
mauritanica

1 

Cat 2: Viperidae: Echis leucogaster; Vipera latastei  

Tunisia:  

Cat 1: Viperidae: Daboia mauritanica
1
 

Cat 2: 
Elapidae: Naja haje; Viperidae: Cerastes cerastes; Daboia deserti1; Echis 
leucogaster; Macrovipera lebetina; Vipera latastei 

Western Sahara:  

Cat 1: Viperidae: Cerastes cerastes 

Cat 2: Elapidae: Naja haje; Viperidae: Bitis arietans  

Central sub Saharan Africa  

Angola:  

Cat 1: 
Elapidae: Dendroaspis jamesoni, Dendroaspis polylepis; Naja anchietae1, Naja 
melanoleuca, Naja nigricollis; Viperidae: Bitis arietans, Bitis gabonica1 

Cat 2: 

Atractaspididae: Atractaspis bibronii, Atractaspis irregularis; Colubridae: 
Dispholidus typus; Thelotornis capensis, Thelotornis kirtlandii (north); Elapidae: 
Naja christyi

1 (Cabinda), Naja mossambica (south), Naja nigricincta1 (south-west); 
Pseudohaje goldii; Viperidae: Atheris squamigera; Bitis nasicornis (Cabinda) 

Burundi:  

Cat 1: Elapidae: Naja nigricollis; Naja melanoleuca; Viperidae: Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii, Atractaspis irregularis; Colubridae: 
Dispholidus typus; Thelotornis mossambicanus1; Elapidae: Dendroaspis jamesoni; 
Viperidae: Bitis gabonica1, Bitis nasicornis  

The Central African Republic:  

Cat 1: 

Elapidae: Dendroaspis jamesoni, Dendroaspis polylepis; Naja haje, Naja 
nigricollis; Viperidae: Bitis arietans, Bitis gabonica1; Echis ocellatus, Echis 
pyramidum 

Cat 2: 

Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Naja annulata1, Naja melanoleuca2; Pseudohaje goldii; 
Viperidae: Atheris broadleyi, Atheris squamigera; Bitis nasicornis1 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
2 The medical importance of this species may be higher in the primary forest zone of the south-western Central 

African Republic, and in some secondary forest mosaic zones elsewhere in the Central African Republic. 
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Chad:  

Cat 1: 
Elapidae: Naja haje, Naja nigricollis; Viperidae: Bitis arietans (south); Echis 
ocellatus (south) 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Naja katiensis, Naja nubiae1; Viperidae: 
Cerastes cerastes  

The Congo:  

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja melanoleuca; Viperidae: Bitis gabonica1, 
Bitis nasicornis  

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Naja annulata1, Naja christyi1, Naja nigricollis; Pseudohaje 
goldii; Viperidae: Atheris squamigera; Bitis arietans 

The Democratic Republic of the Congo:  

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja melanoleuca, Naja nigricollis; Viperidae: 
Bitis arietans, Bitis gabonica1, Bitis nasicornis  

Cat 2: 

Atractaspididae: Atractaspis bibronii, Atractaspis irregularis; Colubridae: 
Dispholidus typus; Thelotornis capensis, Thelotornis kirtlandii; Elapidae: 
Dendroaspis polylepis; Naja anchietae1 (Katanga pedicle), Naja annulata1, Naja 
christyi

1, Naja haje (north); Pseudohaje goldii; Viperidae: Atheris squamigera 

Equatorial Guinea:  

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja melanoleuca; Viperidae: Bitis gabonica1, 
Bitis nasicornis  

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Thelotornis kirtlandii; 
Elapidae: Naja annulata1; Pseudohaje goldii; Viperidae: Atheris squamigera 

Gabon:  

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja melanoleuca, Naja nigricollis; Viperidae: 
Bitis gabonica

1, Bitis nasicornis 

Cat 2: 
Viperidae: Atractaspis irregularis; Colubridae: Thelotornis kirtlandii; Elapidae: 
Naja annulata

1; Pseudohaje goldii; Viperidae: Atheris squamigera; Bitis arietans 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Rwanda:  

Cat 1: Elapidae: Dendroaspis jamesoni; Naja nigricollis; Viperidae: Bitis arietans 

Cat 2: 

Atractaspididae: Atractaspis bibronii, Atractaspis irregularis; Colubridae: 
Dispholidus typus; Thelotornis kirtlandii; Elapidae: Dendroaspis polylepis; Naja 
annulata

1, Naja melanoleuca; Pseudohaje goldii; Viperidae: Bitis gabonica1, Bitis 
nasicornis 

East sub Saharan Africa 

Djibouti:  

Cat 1: Viperidae: Echis pyramidum 

Cat 2: 
Atractaspididae: Atractaspis fallax; Colubridae: Dispholidus typus; Elapidae: Naja 
pallida; Viperidae: Bitis arietans 

Eritrea:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja haje; Viperidae: Bitis arietans; Echis 
pyramidum 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Elapidae: 
Naja nubiae

1; Viperidae: Echis megalocephalus  

Ethiopia:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja ashei1 (south-east), Naja haje, Naja 
nigricollis; Viperidae: Bitis arietans; Echis pyramidum  

Cat 2: 
Atractaspididae: Atractaspis fallax, Atractaspis irregularis (Mount Bizen); 
Colubridae: Dispholidus typus; Elapidae: Naja melanoleuca, Naja pallida; 
Viperidae: Bitis parviocula 

Kenya:  

Cat 1: 
Elapidae: Dendroaspis angusticeps, Dendroaspis polylepis; Naja ashei1 (north & 
east), Naja haje, Naja nigricollis; Viperidae: Bitis arietans; Echis pyramidum 

Cat 2: 

Atractaspididae: Atractaspis bibronii, Atractaspis fallax, Atractaspis irregularis; 
Colubridae: Dispholidus typus; Thelotornis mossambicanus1, Thelotornis 
usambaricus

1 (east coast); Elapidae:  Dendroaspis jamesoni; Naja melanoleuca 
(west & coastal forest), Naja pallida (north & east); Pseudohaje goldii; Viperidae: 
Atheris squamigera; Bitis nasicornis, Bitis gabonica1 (west) 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Malawi:  

Cat 1: 
Elapidae: Dendroaspis angusticeps, Dendroaspis polylepis; Naja annulifera1, Naja 
mossambica, Naja nigricollis; Viperidae: Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis, Thelotornis mossambicanus1; Elapidae:  Naja melanoleuca; Viperidae: 
Proatheris superciliaris  

Mozambique:  

Cat 1: 
Elapidae: Dendroaspis angusticeps, Dendroaspis polylepis; Naja annulifera1, Naja 
mossambica; Viperidae: Bitis arietans, Bitis gabonica1 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis, Thelotornis mossambicanus1; Elapidae:  Hemachatus haemachatus, Naja 
melanoleuca; Viperidae: Proatheris superciliaris 

Somalia:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja ashei1 (south); Naja haje; Viperidae: Bitis 
arietans; Echis pyramidum 

Cat 2: 
Atractaspididae: Atractaspis fallax; Colubridae: Dispholidus typus; Thelotornis 
mossambicanus

1; Elapidae: Naja pallida, Naja melanoleuca; Viperidae: Echis 
hughesi (north)  

The Sudan:  

Cat 1: Elapidae: Naja haje, Naja nigricollis; Viperidae: Bitis arietans; Echis pyramidum  

Cat 2: 

Atractaspididae: Atractaspis fallax, Atractaspis irregularis (south); Colubridae: 
Dispholidus typus; Elapidae:  Dendroaspis jamesoni (south), Dendroaspis polylepis 
(south); Naja melanoleuca (south), Naja nubiae1, Naja pallida (south-east); 
Viperidae: Bitis gabonica1 (south), Bitis nasicornis (south); Cerastes cerastes 

Uganda:  

Cat 1: 
Elapidae: Naja ashei1 (north-east), Naja haje (north), Naja nigricollis; Dendroaspis 
jamesoni, Dendroaspis polylepis; Viperidae: Bitis arietans, Bitis gabonica1 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Naja melanoleuca; Pseudohaje goldii; Viperidae: Atheris 
squamigera; Bitis nasicornis 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 



WHO Guidelines for the Production, Control and Regulation of Snake Antivenom Immunoglobulins 

 
 

108 

The United Republic of Tanzania:  

Cat 1: 
Elapidae: Dendroaspis angusticeps, Dendroaspis polylepis; Naja mossambica 
(including Pemba Island), Naja nigricollis; Viperidae: Bitis arietans 

Cat 2: 

Atractaspididae: Atractaspis bibronii, Atractaspis fallax (north), Atractaspis 
irregularis (north-east); Colubridae: Dispholidus typus; Thelotornis capensis, 
Thelotornis kirtlandii (Mahali and Udzungwa Mountains), Thelotornis 
mossambicanus

1, Thelotornis usambaricus1 (East Usambara Mountains); Elapidae: 
Naja ashei

1
 (reported in north-east), Naja annulata1, Naja haje (north), Naja 

melanoleuca (west and coast, including Mafia Island), Naja pallida; Viperidae: 
Atheris squamigera; Bitis gabonica1 (west and south-east), Bitis nasicornis (north); 
Proatheris superciliaris  

Zambia:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja anchietae1, Naja annulifera1, Naja 
mossambica, Naja nigricollis; Viperidae: Bitis arietans, Bitis gabonica1 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis, Thelotornis kirtlandii, Thelotornis mossambicanus1; Elapidae: Naja 
annulata

1, Naja melanoleuca 

South sub Saharan Africa 

Botswana:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja anchietae1 (west), Naja annulifera1 (east), 
Naja mossambica, Naja nivea (south-west); Viperidae: Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis 

Lesotho:  

Cat 1: Elapidae: Naja nivea; Viperidae: Bitis arietans 

Cat 2: Elapidae: Hemachatus haemachatus 

Namibia:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja anchietae1, Naja nivea (central & southern), 
Naja mossambica (north-east), Naja nigricincta1; Viperidae: Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis; Elapidae: Naja nigricollis (Caprivi) 

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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South Africa:  

Cat 1: 
Elapidae: Dendroaspis angusticeps (Natal), Dendroaspis polylepis; Naja 
annulifera

11 (north-east), Naja nivea, Naja mossambica (north-east); Viperidae: 
Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis; Elapidae: Hemachatus haemachatus; Naja melanoleuca (Natal), Naja 
nigricincta

1
 (north-west); Viperidae: Bitis gabonica1 (Natal); 

Swaziland: 

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja annulifera1 Naja mossambica; Viperidae: 
Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis; Elapidae: Hemachatus haemachatus 

Zimbabwe:  

Cat 1: 
Elapidae: Dendroaspis polylepis; Naja anchietae1 (west), Naja annulifera1, Naja 
mossambica; Viperidae: Bitis arietans 

Cat 2: 

Atractaspididae: Atractaspis bibronii; Colubridae: Dispholidus typus; Thelotornis 
capensis, Thelotornis mossambicanus1; Elapidae: Dendroaspis angusticeps (east); 
Hemachatus haemachatus (Nyanga Mts); Naja melanoleuca (east); Viperidae: Bitis 
gabonica

1 (east) 

West sub Saharan Africa 

Benin:  

Cat 1: Elapidae: Naja nigricollis; Viperidae: Bitis arietans; Echis ocellatus  

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Elapidae: 
Dendroaspis jamesoni; Naja katiensis, Naja melanoleuca, Naja senegalensis1; 
Pseudohaje nigra; Viperidae: Bitis rhinoceros, Echis leucogaster (far north) 

Burkina Faso:  

Cat 1: Elapidae: Naja nigricollis, Naja katiensis; Viperidae: Bitis arietans; Echis ocellatus 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Dendroaspis polylepis; Naja melanoleuca, 
Naja senegalensis

1; Viperidae: Echis leucogaster 

Cameroon: 

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja haje, Naja nigricollis, Naja melanoleuca

2; 
Viperidae: Bitis arietans, Bitis gabonica1, Bitis nasicornis; Echis ocellatus 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Dendroaspis polylepis; Naja annulata

1, Naja katiensis; 
Pseudohaje goldii; Viperidae: Atheris broadleyi (East Province), Atheris squamigera 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
2 This large, highly venomous snake is common in forested areas of south-west Cameroon and a high 

burden of injury may be expected, although clinical data with direct attribution are not yet available. 
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Côte d’Ivoire:  

Cat 1: 

Elapidae: Dendroaspis viridis; Naja nigricollis, Naja melanoleuca, Naja 

senegalensis
1
; Viperidae: Bitis arietans, Bitis nasicornis, Bitis rhinoceros1; Echis 

ocellatus 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Dendroaspis polylepis; Naja katiensis; Pseudohaje goldii, 
Pseudohaje nigra; Viperidae: Atheris chlorechis 

The Gambia:  

Cat 1: 
Elapidae: Dendroaspis viridis; Naja nigricollis; Viperidae: Bitis arietans; Echis 
jogeri 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Naja katiensis, Naja melanoleuca, Naja 
senegalensis

1
 

Ghana:  

Cat 1: 
Elapidae: Dendroaspis viridis, Naja nigricollis, Naja senegalensis1; Viperidae: Bitis 
arietans; Echis ocellatus 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus, Thelotornis 
kirtlandii; Elapidae: Naja katiensis, Naja melanoleuca2; Pseudohaje goldii, 
Pseudohaje nigra; Viperidae: Atheris chlorechis; Bitis nasicornis, Bitis rhinoceros1 

Guinea:  

Cat 1: 

Elapidae: Dendroaspis polylepis, Dendroaspis viridis; Naja katiensis, Naja 
nigricollis, Naja melanoleuca, Naja senegalensis

1; Viperidae: Bitis arietans; Echis 
jogeri 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Pseudohaje nigra; Viperidae: Atheris chlorechis; Bitis 
nasicornis, Bitis rhinoceros1 

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
2 The medical importance of this species may be higher in the forested zone of southern Ghana. 
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Guinea-Bissau:  

Cat 1: 
Elapidae: Dendroaspis viridis; Naja nigricollis, Naja melanoleuca, Naja 

senegalensis
1; Viperidae: Bitis arietans; Echis jogeri 

Cat 2: Colubridae: Dispholidus typus; Thelotornis kirtlandii; Viperidae: Bitis rhinoceros1 

Liberia:  

Cat 1: Elapidae: Dendroaspis viridis; Naja melanoleuca, Naja nigricollis  

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Thelotornis kirtlandii; 
Elapidae: Pseudohaje nigra; Viperidae: Atheris chlorechis; Bitis nasicornis, Bitis 
rhinoceros

1
 

Mali:  

Cat 1: 
Elapidae: Naja katiensis, Naja nigricollis, Naja senegalensis1; Viperidae: Bitis 
arietans; Echis jogeri (west); Echis leucogaster; Echis ocellatus 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Naja melanoleuca; Viperidae: Cerastes 
cerastes 

Mauritania:  

Cat 1: 
Elapidae: Naja senegalensis1 (south-east); Viperidae: Cerastes cerastes; Echis 
leucogaster  

Cat 2: Viperidae: Bitis arietans 

The Niger:  

Cat 1: 
Elapidae: Naja nigricollis; Viperidae: Bitis arietans; Echis leucogaster, Echis 
ocellatus 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Naja haje (south-central), Naja katiensis, 
Naja nubiae

1
; Naja senegelensis

1
 (south-west); Viperidae: Cerastes cerastes 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Nigeria:  

Cat 1: 
Elapidae: Dendroaspis jamesoni; Naja haje (north-east), Naja nigricollis; 
Viperidae: Bitis arietans, Bitis gabonica1; Echis ocellatus 

Cat 2: 

Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Naja katiensis, Naja melanoleuca2; Naja senegalensis (north-
west); Pseudohaje goldii, Pseudohaje nigra; Viperidae: Atheris squamigera; Bitis 
nasicornis; Echis leucogaster (north) 

Sao Tome and Principe:  

Cat 1: Elapidae: Dendroaspis jamesoni; Naja melanoleuca 

Cat 2: None 

Senegal:  

Cat 1: 
Elapidae: Naja katiensis; Naja nigricollis; Viperidae: Bitis arietans; Echis 
leucogaster; Echis jogeri 

Cat 2: 
Colubridae: Dispholidus typus; Elapidae: Dendroaspis polylepis; Dendroaspis 
viridis; Naja melanoleuca, Naja senegalensis 

Sierra Leone:  

Cat 1: Elapidae: Dendroaspis viridis; Naja nigricollis; Viperidae: Bitis arietans 

Cat 2: 
Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Naja melanoleuca3; Pseudohaje nigra; Viperidae: Atheris 
chlorechis; Bitis nasicornis, Bitis rhinoceros1 

Togo:  

Cat 1: 
Elapidae: Naja nigricollis, Naja senegalensis1; Viperidae: Bitis arietans (south); 
Echis ocellatus 

Cat 2: 

Atractaspididae: Atractaspis irregularis; Colubridae: Dispholidus typus; Thelotornis 
kirtlandii; Elapidae: Dendroaspis jamesoni, Dendroaspis viridis; Naja katiensis, 
Naja melanoleuca; Pseudohaje goldii, Pseudohaje nigra; Viperidae: Atheris 
chlorechis; Bitis nasicornis, Bitis rhinoceros1 

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
2 The medical importance of this species may be higher in the southern rainforest belt of Nigeria, from 

Ibadan in the west to Oban and Eket in the east, and in the forested southern quarter of Sierra Leone. 
3 The medical importance of this species may be higher in the forested southern quarter of Sierra Leone.  
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Middle East 

Cyprus:  

Cat 1: None 

Cat 2: Viperidae: Macrovipera lebetina 

Iran (Islamic Republic of):  

Cat 1: 
Elapidae: Naja oxiana; Viperidae: Echis carinatus; Macrovipera lebetina; 
Pseudocerastes persicus 

Cat 2: 
Elapidae: Walterinnesia morgani

1
 (west); Viperidae: Eristicophis macmahonii (east); 

Gloydius halys caucasicus; Montivipera raddei; Vipera spp.   

Iraq:  

Cat 1: Viperidae: Echis carinatus; Macrovipera lebetina 

Cat 2: 
Elapidae: Walterinnesia morgani

1; Viperidae: Cerastes gasperettii; Pseudocerastes 
fieldi, Pseudocerastes persicus  

Israel  

Cat 1: Viperidae: Daboia palaestinae1; Echis coloratus 

Cat 2: 
Atractaspididae: Atractaspis engaddensis; Elapidae: Walterinnesia aegyptia; 
Viperidae: Cerastes cerastes, Cerastes gasperettii; Pseudocerastes fieldi 

Jordan:  

Cat 1: Viperidae: Daboia palaestinae1; Echis coloratus  

Cat 2: 
Atractaspididae: Atractaspis engaddensis; Elapidae: Walterinnesia aegyptia; 
Viperidae: Cerastes gasperettii; Macrovipera lebetina; Pseudocerastes fieldi  

Kuwait and Qatar:  

Cat 1: Viperidae: Cerastes gasperettii 

Cat 2: Elapidae: Walterinnesia morgani
1 (Kuwait) 

Lebanon:  

Cat 1: Viperidae: Daboia palaestinae1; Macrovipera lebetina 

Cat 2: None 

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Oman:  

Cat 1: 

Atractaspididae: Atractaspis andersonii (south-west); Viperidae: Bitis arietans 
(south-west); Echis coloratus (south-west), Echis carinatus, Echis omanensis

1 
(north) 

Cat 2: 
Elapidae: Naja arabica1 (south-west); Viperidae: Cerastes gasperettii; Echis 
khosatzkii (south-west); Pseudocerastes persicus 

Saudi Arabia:  

Cat 1: 
Atractaspididae: Atractaspis andersonii (south-west); Viperidae: Cerastes 
gasperettii; Echis coloratus, Echis borkini1 (south-west) 

Cat 2: 

Atractaspididae: Atractaspis engaddensis (north-west); Elapidae: Naja arabica 
(south-west); Walterinnesia aegyptia (west), Walterinnesia morgani

1
 (central & 

south); Viperidae: Bitis arietans (south-west); Cerastes cerastes (south-west); 
Pseudocerastes fieldi  

The Syrian Arab Republic:  

Cat 1: Viperidae: Daboia palaestinae1; Macrovipera lebetina 

Cat 2: Viperidae: Pseudocerastes fieldi 

Turkey:  

Cat 1: Viperidae: Macrovipera lebetina; Montivipera xanthina
1
 

Cat 2: 
Elapidae: Walterinnesia morgani

1
 (south); Viperidae: Montivipera raddei

1; Vipera 
ammodytes; Vipera eriwanensis; Vipera spp. 

The United Arab Emirates:  

Cat 1: Viperidae: Echis carinatus (east); Echis omanensis
1 

Cat 2: Viperidae: Cerastes gasperettii; Pseudocerastes persicus 

West Bank and Gaza Strip:  

Cat 1: Viperidae: Daboia palaestinae1; Echis coloratus 

Cat 2: 
Atractaspididae: Atractaspis engaddensis; Elapidae: Walterinnesia aegyptia; 

Viperidae: Cerastes cerastes, Pseudocerastes fieldi 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Yemen:  

Cat 1: 
Atractaspididae: Atractaspis andersonii; Elapidae: Naja arabica1; Viperidae: Bitis 
arietans; Echis borkini1, Echis coloratus  

Cat 2: Viperidae: Cerastes cerastes, Cerastes gasperettii; Echis khosatzkii 

ASIA AND AUSTRALASIA 

Central Asia 

Armenia:  

Cat 1: Viperidae: Macrovipera lebetina;  

Cat 2: Viperidae: Montivipera raddei
1; Vipera eriwanensis, Vipera spp. 

Azerbaijan:  

Cat 1: Viperidae: Macrovipera lebetina 

Cat 2: Viperidae: Gloydius halys; Vipera eriwanensis; Vipera spp. 

Georgia:  

Cat 1: Viperidae: Macrovipera lebetina; Vipera ammodytes 

Cat 2: Viperidae: Vipera renardi, Vipera ursinii, Vipera spp. 

Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan and Turkmenistan:  

Cat 1: 

Elapidae: Naja oxiana (except Kazakhstan & Kyrgyzstan); Viperidae: Echis 
carinatus (except Kyrgyzstan); Macrovipera lebetina (except Kazakhstan & 
Kyrgyzstan); Gloydius halys (throughout)  

Cat 2: Viperidae: Vipera renardi (except Turkmenistan) 

Mongolia:  

Cat 1: Viperidae: Gloydius halys 

Cat 2: Viperidae: Vipera berus, Vipera renardi 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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East Asia 

China:  

China Mainland 

Cat 1: 

Elapidae: Bungarus multicinctus; Naja atra; Viperidae: Cryptelytrops albolabris1; 
Daboia siamensis

1; Deinagkistrodon acutus; Gloydius brevicaudus; Protobothrops 
mucrosquamatus 

Cat 2: 

Colubridae: Rhabdophis tigrinus; Elapidae: Bungarus bungaroides (south-east 
Tibet), Bungarus fasciatus; Naja kaouthia; Ophiophagus hannah; Viperidae: 
Cryptelytrops septentrionalis (south Tibet); Gloydius halys, Gloydius intermedius1, 
Gloydius ussuriensis; Himalayophis tibetanus (south Tibet); Protobothrops jerdonii, 
Protobothrops kaulbacki, Protobothrops mangshanensis

1; Vipera berus (Jilin, 
western Xinjiang); Vipera renardi (western Xinjiang); Viridovipera stejnegeri1 

Hong Kong, Special Administrative Region 

Cat 1: Elapidae: Bungarus multicinctus; Naja atra; Viperidae: Cryptelytrops albolabris1 

Cat 2: None 

Taiwan Province 

Cat 1: 
Elapidae: Bungarus multicinctus; Naja atra; Viperidae: Protobothrops 
mucrosquamatus; Viridovipera stejnegeri1 

Cat 2: Viperidae: Deinagkistrodon acutus; Daboia siamensis1 

The Democratic People’s Republic of Korea:  

Cat 1: Viperidae: Gloydius brevicaudus  

Cat 2: Viperidae: Gloydius intermedius1, Gloydius ussuriensis; Vipera berus  

Japan (including Ryukyu Islands):  

Cat 1: 
Viperidae: Gloydius blomhoffii (main islands); Protobothrops flavoviridis (Ryukyu 
Islands) 

Cat 2: 
Colubridae: Rhabdophis tigrinus; Viperidae: Gloydius tsushimaensis (Tsushima); 
Protobothrops elegans  

The Republic of Korea:  

Cat 1: Viperidae: Gloydius brevicaudus  

Cat 2: 
Colubridae: Rhabdophis tigrinus; Viperidae: Gloydius intermedius1, Gloydius 
ussuriensis 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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South Asia 

Afghanistan:  

Cat 1: Elapidae: Naja oxiana; Viperidae: Echis carinatus; Macrovipera lebetina 

Cat 2: 
Elapidae: Bungarus caeruleus (east), Bungarus sindanus (east), Naja naja (reported 
in south-east); Viperidae: Eristicophis macmahonii (south-west); Gloydius halys 
(north)   

Bangladesh:  

Cat 1: 
Elapidae: Bungarus caeruleus, Bungarus niger, Bungarus walli; Naja kaouthia; 
Viperidae: Cryptelytrops erythrurus1  

Cat 2: 
Elapidae: Bungarus bungaroides, Bungarus fasciatus, Bungarus lividus; Naja naja; 
Ophiophagus hannah; Viperidae: Cryptelytrops albolabris1 (far north-west); Daboia 
russelii

1 (west) 

Bhutan:  

Cat 1: Elapidae: Bungarus niger; Naja naja 

Cat 2: 
Elapidae: Bungarus caeruleus, Bungarus fasciatus; Bungarus lividus; Naja kaouthia; 
Ophiophagus hannah; Viperidae: Cryptelytrops erythrurus1; Daboia russelii1; 
Protobothrops jerdonii  

India:  

Cat 1: 
Elapidae: Bungarus caeruleus; Naja kaouthia (east), Naja naja (throughout); 
Viperidae: Daboia russelii1; Echis carinatus; Hypnale hypnale (south-west)  

Cat 2: 

Elapidae: Bungarus bungaroides, Bungarus fasciatus, Bungarus lividus, Bungarus 
niger, Bungarus sindanus, Bungarus walli; Naja oxiana (west), Naja sagittifera 
(Andaman Islands); Ophiophagus hannah (south, north-east, Andaman Islands); 
Viperidae: Cryptelytrops albolabris

1, Cryptelytrops erythrurus
1
, Cryptelytrops 

septentrionalis
1
; Gloydius himalayanus; Protobothrops jerdonii, Protobothrops 

kaulbacki, Protobothrops mucrosquamatus; Trimeresurus gramineus (south India), 
Trimeresurus malabaricus (south-west),  

Nepal:  

Cat 1: 
Elapidae: Bungarus caeruleus, Bungarus niger; Naja naja, Naja kaouthia; 
Viperidae: Daboia russelii1  

Cat 2: 
Elapidae: Bungarus bungaroides, Bungarus fasciatus; Bungarus lividus, Bungarus 
walli; Ophiophagus hannah; Viperidae: Cryptelytrops septentrionalis1; Gloydius 
himalayanus; Himalayophis tibetanus

1; Protobothrops  jerdonii;  

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Pakistan:  

Cat 1: 
Elapidae: Bungarus caeruleus, Bungarus sindanus; Naja naja, Naja oxiana; 
Viperidae: Daboia russelii1; Echis carinatus 

Cat 2: 
Viperidae: Eristicophis macmahonii (west); Gloydius himalayanus (north); 
Macrovipera lebetina (west) 

Sri Lanka:  

Cat 1: 
Elapidae: Bungarus caeruleus; Naja naja; Viperidae: Daboia russelii1; Hypnale 

hypnale  

Cat 2: 
Elapidae: Bungarus ceylonicus; Viperidae: Echis carinatus; Hypnale nepa, 
Trimeresurus trigonocephalus 

South-east Asia 

Brunei Darussalam:  

Cat 1: Elapidae: Naja sumatrana 

Cat 2: 
Elapidae: Bungarus fasciatus, Bungarus flaviceps; Calliophis bivirgatus, Calliophis 
intestinalis; Ophiophagus hannah; Viperidae: Parias sumatranus1; Tropidolaemus 
subannulatus 

Cambodia:  

Cat 1: 
Elapidae: Bungarus candidus; Naja kaouthia, Naja siamensis; Viperidae: 
Calloselasma rhodostoma; Cryptelytrops albolabris1; Daboia siamensis

1
 

Cat 2: 
Elapidae: Bungarus fasciatus, Bungarus flaviceps; Ophiophagus hannah; Viperidae: 
Cryptelytrops macrops

1 

Indonesia (Sumatra, Java, Borneo, Sulawesi & Lesser Sunda Islands): 

Cat 1: 

Elapidae: Bungarus candidus (Sumatra & Java); Naja sputatrix (Java & Lesser 
Sunda Islands), Naja sumatrana (Sumatra & Borneo); Viperidae: Calloselasma 

rhodostoma (Java); Cryptelytrops albolabris1; Daboia siamensis
1 

Cat 2: 

Elapidae: Bungarus fasciatus, Bungarus flaviceps (Sumatra & Borneo); Calliophis 
bivirgatus, Calliophis intestinalis; Ophiophagus hannah (Sumatra, Borneo & Java); 
Viperidae: Cryptelytrops insularis1, Cryptelytrops purpureomaculatus1 (Sumatra); 
Parias sumatranus; Tropidolaemus subannulatus  

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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The Lao People’s Democratic Republic:  

Cat 1: 

Elapidae: Bungarus candidus, Bungarus multicinctus; Naja atra (north), Naja 
siamensis

1
 (south & east); Viperidae: Calloselasma rhodostoma; Cryptelytrops 

albolabris
1
  

Cat 2: 
Elapidae: Bungarus fasciatus; Naja kaouthia (south & east); Ophiophagus hannah 
Viperidae: Cryptelytrops macrops; Protobothrops jerdonii; Protobothrops 
mucrosquamatus 

Malaysia:  

Cat 1: 

Elapidae: Bungarus candidus (Peninsular Malaysia); Naja kaouthia (northern 
Peninsular Malaysia), Naja sumatrana (Peninsular Malaysia, Sabah & Sarawak); 
Viperidae: Calloselasma rhodostoma 

Cat 2: 
Elapidae: Bungarus fasciatus, Bungarus flaviceps; Calliophis bivirgatus; Calliophis 
intestinalis; Ophiophagus hannah; Viperidae: Cryptelytrops purpureomaculatus1; 
Parias sumatranus

1
; Tropidolaemus subannulatus 

Myanmar:  

Cat 1: 

Elapidae: Bungarus magnimaculatus, Bungarus multicinctus; Naja kaouthia, 
Naja mandalayensis; Viperidae: Cryptelytrops albolabris1, Cryptelytrops 
erythrurus

1; Daboia siamensis
1
 

Cat 2: 

Elapidae: Bungarus bungaroides (Kachin State), Bungarus candidus (Thaninthayi 
Div.); Bungarus flaviceps (east Shan State), Bungarus niger (Chin State and Rakhine 
State); Naja siamensis (adjacent Thailand border) Ophiophagus hannah; Viperidae: 
Calloselasma rhodostoma (Thaninthayi Div.); Cryptelytrops purpureomaculatus; 
Protobothrops jerdonii, Protobothrops kaulbacki, Protobothrops mucrosquamatus 
(Kachin) 

The Philippines:  

Cat 1: 
Elapidae: Naja philippinensis (Luzon), Naja samarensis (Mindanao), Naja 
sumatrana (Palawan) 

Cat 2: 
Elapidae: Calliophis intestinalis; Ophiophagus hannah; Viperidae: Parias 
flavomaculatus

1; Tropidolaemus philippensis1; Tropidolaemus subannulatus1 

Singapore:  

Cat 1: Elapidae: Bungarus candidus; Naja sumatrana  

Cat 2: 
Elapidae: Bungarus fasciatus; Calliophis bivirgatus, Calliophis intestinalis; 
Viperidae: Cryptelytrops purpureomaculatus1 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Thailand:  

Cat 1: 
Elapidae: Bungarus candidus; Naja kaouthia, Naja siamensis

1; Viperidae: 
Calloselasma rhodostoma; Cryptelytrops albolabris1, Daboia siamensis

1
  

Cat 2: 
Elapidae: Bungarus fasciatus, Bungarus flaviceps; Calliophis bivirgatus, Calliophis 
intestinalis; Naja sumatrana; Ophiophagus hannah; Viperidae: Cryptelytrops 
macrops

1
; Parias sumatranus 

Timor-Leste:  

Cat 1: Viperidae: Cryptelytrops insularis1 

Cat 2: Elapidae: Naja sputatrix (reported) 

Viet Nam:  

Cat 1: 

Elapidae: Bungarus candidus, Bungarus multicinctus, Bungarus slowinskii 
(north); Naja atra (north), Naja kaouthia (south); Viperidae: Calloselasma 

rhodostoma; Cryptelytrops albolabris1 (throughout); Deinagkistrodon acutus  

Cat 2: 
Elapidae: Bungarus fasciatus, Bungarus flaviceps (south); Naja siamensis (south); 
Ophiophagus hannah; Viperidae: Cryptelytrops macrops1; Protobothrops jerdonii, 
Protobothrops mucrosquamatus (north); Viridovipera stejnegeri1 

Australo-Papua (including Pacific Islands): 

There are no medically important land snakes in American Samoa; Cook Islands; Fiji; French 
Polynesia; Guam; Kiribati; Marshall Islands; Nauru; New Caledonia; New Zealand; Northern 
Mariana Islands; Pitcairn Island; Samoa; Tokelau; Tonga; Tuvalu; or Wallis and Futuna Islands. 
Fiji possesses a single terrestrial venomous snake species (Ogmodon vitianus) while the 
Solomon Islands possess three terrestrial venomous species (Salomonelaps par; Loveridgelaps 
elapoides and Parapistocalamus hedigeri) with no and few snakebites, respectively. 

Australia:  

Cat 1: 
Elapidae: Notechis scutatus; Pseudechis australis2; Pseudonaja affinis, 
Pseudonaja mengdeni

1
, Pseudonaja nuchalis, Pseudonaja textilis  

Cat 2: 

Elapidae: Acanthophis antarcticus, Acanthophis spp.; Austrelaps spp.; 
Hoplocephalus spp.; Oxyuranus microlepidotus, Oxyuranus scutellatus, Oxyuranus 
temporalis; Pseudechis spp.; Pseudonaja aspidorhyncha1, Pseudonaja spp.; 
Tropidechis carinatus 

 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
2 Pseudechis australis is common and widespread and causes numerous snakebites; bites may be severe, 

although this species has not caused a fatality in Australia since 1968. 
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Indonesia (West Papua and Maluku):  

Cat 1: Elapidae: Acanthophis laevis1 

Cat 2: 
Elapidae: Acanthophis rugosus1; Micropechis ikaheka; Oxyuranus scutellatus; 
Pseudechis papuanus, Pseudechis rossignolii1; Pseudonaja textilis 

Papua New Guinea:  

Cat 1: Elapidae: Acanthophis laevis1; Oxyuranus scutellatus 

Cat 2: 
Elapidae: Acanthophis rugosus1; Micropechis ikaheka; Pseudonaja textilis; 
Pseudechis papuanus, Pseudechis rossignolii1 

EUROPE 

There are no venomous snakes in Iceland, Ireland, Isle of Man, Outer Hebrides, Orkney or 
Shetland Islands. Crete and most of the islands of the western Mediterranean are also without 
venomous snakes. 

Central Europe 

Albania; Bosnia and Herzegovina; Bulgaria; Croatia; Romania; Serbia; Montenegro; 

Slovenia; The former Yugoslav Republic of Macedonia:  

Cat 1: Viperidae: Vipera ammodytes 

Cat 2: Viperidae: Vipera berus, Vipera ursinii 

The Czech Republic; Poland; Slovakia:  

Cat 1: None 

Cat 2: Viperidae: Vipera berus 

Greece:  

Cat 1: Viperidae: Vipera ammodytes (including Corfu) 

Cat 2: 
Viperidae: Macrovipera schweizeri; Montivipera xanthina

1; Vipera berus, Vipera 
ursinii 

Hungary:  

Cat 1: None 

Cat 2: Viperidae: Vipera berus; Vipera ursinii 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Eastern Europe 

Belarus; Estonia; Latvia; Lithuania; The Republic of Moldova:  

Cat 1: None 

Cat 2: Viperidae: Vipera berus, Vipera nikolskii (Moldova), Vipera ursinii (Moldova) 

The Russian Federation:  

Cat 1: Viperidae: Vipera berus 

Cat 2: 
Viperidae: Gloydius halys, Gloydius intermedius1, Gloydius ussuriensis; (far-east 
Russia); Macrovipera lebetina (Dagestan); Vipera nikolskii; Vipera renardi, Vipera 
spp. 

Ukraine:  

Western Europe 

Austria:  

Cat 1: None  

Cat 2: Viperidae: Vipera ammodytes, Vipera berus 

Belgium; Denmark; Finland; Germany; The Netherlands; Norway:  

Cat 1: None 

Cat 2: Viperidae: Vipera berus 

France:  

Cat 1: Viperidae: Vipera aspis 

Cat 2: Viperidae: Vipera berus, Vipera ursinii 

Italy:  

Cat 1: Viperidae: Vipera aspis 

Cat 2: Viperidae: Vipera ammodytes, Vipera berus, Vipera ursinii  

Portugal:  

Cat 1: None 

Cat 2: Viperidae: Vipera latastei, Vipera seoanei 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 

Cat 1: None 

Cat 2: Viperidae: Vipera berus, Vipera nikolskii, Vipera renardi,  Vipera ursinii 
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Spain:  

Cat 1: None 

Cat 2: Viperidae: Vipera aspis, Vipera latastei, Vipera seoanei 

Sweden; The United Kingdom of Great Britain and Northern Ireland:  

Cat 1: Viperidae: Vipera berus (not Northern Ireland) 

Cat 2: None 

Switzerland:  

Cat 1: None 

Cat 2: Viperidae: Vipera aspis, Vipera berus  

THE AMERICAS 

North America  

Canada: 

Cat 1: None 

Cat 2: Viperidae: Crotalus oreganus1, Crotalus viridis, Sistrurus catenatus 

Mexico:  

Cat 1: 
Viperidae: Agkistrodon bilineatus, Agkistrodon taylori1; Crotalus atrox, Crotalus 
scutulatus, Crotalus simus

1, Crotalus totonacus1; Bothrops asper  

Cat 2: 

Elapidae: Micruroides euryxanthus, Micrurus nigrocinctus, Micrurus tener, 
Micrurus spp.; Viperidae: Agkistrodon contortrix; Atropoides mexicanus, Atropoides 
occiduus, Atropoides spp.; Bothriechis schlegelii, Bothriechis spp.; Cerrophidion 
godmani, Cerrophidion spp.; Crotalus basiliscus, Crotalus molossus, Crotalus 
oreganus

1, Crotalus ruber, Crotalus tzabcan1, Crotalus viridis, Crotalus spp.; 
Ophryacus spp.; Porthidium nasutum, Porthidium spp.; Sistrurus catenatus  

The United States of America: 

Cat 1: 

Viperidae: Agkistrodon contortrix, Agkistrodon piscivorus; Crotalus adamanteus, 
Crotalus atrox, Crotalus horridus, Crotalus oreganus1, Crotalus scutulatus, 
Crotalus viridis 

Cat 2: 
Elapidae: Micrurus fulvius, Micrurus tener; Viperidae: Crotalus molossus, Crotalus 
ruber, Crotalus spp., Sistrurus catenatus, Sistrurus miliarius 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Central America  

The medically most important species are Bothrops asper and Crotalus simus11. 

Belize: 

Cat 1: Viperidae: Bothrops asper 

Cat 2: 
Elapidae: Micrurus spp.; Viperidae: Agkistrodon bilineatus; Atropoides mexicanus; 
Bothriechis schlegelii; Crotalus tzabcan1; Porthidium nasutum 

Costa Rica:  

Cat 1: Viperidae: Bothrops asper; Crotalus simus
1
 

Cat 2: 

Elapidae: Micrurus nigrocinctus, Micrurus spp.; Viperidae: Agkistrodon bilineatus; 
Atropoides mexicanus, Atropoides spp.; Bothriechis schlegelii, Bothriechis lateralis, 
Bothriechis spp.; Cerrophidion godmani; Lachesis melanocephala, Lachesis 
stenophrys; Porthidium nasutum, Porthidium ophrymegas, Porthidium spp. 

El Salvador:  

Cat 1: Viperidae: Crotalus simus
1
  

Cat 2: 
Elapidae: Micrurus nigrocinctus; Micrurus spp.; Viperidae: Agkistrodon bilineatus; 
Atropoides occiduus; Bothriechis spp.; Cerrophidion godmani; Porthidium 
ophryomegas 

Guatemala:  

Cat 1: Viperidae: Bothrops asper; Crotalus simus 

Cat 2: 

Elapidae: Micrurus nigrocinctus, Micrurus spp.; Viperidae: Agkistrodon bilineatus; 
Atropoides mexicanus, Atropoides occiduus, Atropoides spp.; Bothriechis schlegelii, 
Bothriechis spp.; Cerrophidion godmani; Crotalus tzabcan1, Porthidium nasutum, 
Porthidium ophryomegas  

Honduras:  

Cat 1: Viperidae: Bothrops asper  

Cat 2: 

Elapidae: Micrurus nigrocinctus, Micrurus spp.; Viperidae: Agkistrodon bilineatus; 
Atropoides mexicanus, Atropoides occiduus, Atropoides spp.; Bothriechis marchi, 
Bothriechis schlegelii, Bothriechis spp.; Cerrophidion godmani; Crotalus simus1; 
Porthidium nasutum, Porthidium ophryomegas 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Nicaragua:  

Cat 1: Viperidae: Bothrops asper; Crotalus simus
1
 

Cat 2: 
Elapidae: Micrurus nigrocinctus, Micrurus spp.; Viperidae: Agkistrodon bilineatus; 
Atropoides mexicanus; Bothriechis schlegelii; Cerrophidion godmani; Lachesis 
stenophrys; Porthidium nasutum, Porthidium ophryomegas 

Panama:  

Cat 1: Viperidae: Bothrops asper 

Cat 2: 

Elapidae: Micrurus mipartitus, Micrurus nigrocinctus, Micrurus spp.; Viperidae: 
Atropoides mexicanus, Atropoides spp.; Bothriechis lateralis, Bothriechis schlegelii, 
Bothriechis spp.; Cerrophidion godmani; Lachesis acrochorda, Lachesis stenophrys; 
Porthidium nasutum, Porthidium lansbergii, Porthidium spp. 

Caribbean 

No medically important snakes occur naturally in Anguilla; Antigua and Barbuda; the Bahamas; 
Barbados; Bermuda; The British Virgin Islands; Cayman Islands; Cuba; Dominica; the 
Dominican Republic; Grenada; Guadeloupe; Haiti; Jamaica; Montserrat; the Netherlands 
Antilles; Saint Kitts and Nevis; Saint Vincent and the Grenadines; and Turks and Caicos Islands.  

Aruba; Martinique; Saint Lucia; Trinidad and Tobago, and offshore islands:  

Cat 1: 
Viperidae: Bothrops cf. atrox (Trinidad), Bothrops caribbaeus (St Lucia), Bothrops 
lanceolatus (Martinique); Crotalus durissus (Aruba) 

Cat 2: 
Elapidae: Micrurus circinalis (Trinidad), Micrurus lemniscatus (Trinidad); 
Viperidae: Lachesis muta (Trinidad) 

South America  

No venomous snakes are naturally occurring in the Falkland Islands; and no dangerously 
venomous snakes are naturally occurring in Chile. 

Argentina:  

Cat 1: Viperidae: Bothrops alternatus, Bothrops diporus1 Crotalus durissus 

Cat 2: 
Elapidae: Micrurus corallinus, Micrurus lemniscatus, Micrurus spp.; Viperidae: 
Bothrops ammodytoides, Bothrops jararaca, Bothrops jararacussu, Bothrops 
mattogrossensis, Bothrops neuwiedi, Bothrops pubescens  

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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Bolivia (Plurinational State of):  

Cat 1: Viperidae: Bothrops atrox, Bothrops mattogrossensis
1
 Crotalus durissus 

Cat 2: 

Elapidae: Micrurus lemniscatus, Micrurus spixii, Micrurus surinamensis, Micrurus 
spp.; Viperidae: Bothrocophias hyoprora, Bothrocophias microphthalmus1; Bothrops 
bilineatus, Bothrops brazili, Bothrops jararacussu, Bothrops jonathani, Bothrops 
moojeni, Bothrops sanctaecrucis, Bothrops spp., Bothrops taeniatus; Lachesis muta  

Brazil:  

Cat 1: 
Viperidae: Bothrops atrox, Bothrops jararaca, Bothrops jararacussu, Bothrops 
leucurus, Bothrops moojeni; Crotalus durissus 

Cat 2: 

Elapidae: Micrurus corallinus, Micrurus lemniscatus, Micrurus spixii, Micrurus 

surinamensis, Micrurus spp.; Viperidae: Bothrocophias hyoprora1, Bothrocophias 
microphthalmus

1, Bothrops alternatus, Bothrops bilineatus, Bothrops brazili, 
Bothrops diporus, Bothrops mattogrossensis, Bothrops neuwiedi, Bothrops 
pubescens, Bothrops taeniatus, Bothrops spp.; Lachesis muta 

Colombia:  

Cat 1: Viperidae: Bothrops asper, Bothrops atrox, Bothrops bilineatus; Crotalus durissus 

Cat 2: 

Elapidae: Micrurus lemniscatus, Micrurus mipartitus, Micrurus nigrocinctus, 

Micrurus spixii, Micrurus surinamensis, Micrurus spp.; Viperidae: Bothriechis 
schlegelii; Bothrocophias hyoprora1, Bothrocophias microphthalmus1, 
Bothrocophias spp.; Bothrops brazili, Bothrops taeniatus, Bothrops spp.; Lachesis 
acrochorda

1, Lachesis muta; Porthidium nasutum, Porthidium lansbergii 

Ecuador:  

Cat 1: Viperidae: Bothrops asper, Bothrops atrox, Bothrops bilineatus; Lachesis muta 

Cat 2: 

Elapidae: Micrurus lemniscatus, Micrurus mipartitus, Micrurus spixii, Micrurus 

surinamensis, Micrurus spp.; Viperidae: Bothriechis schlegelii; Bothrocophias 
hyoprora

1, Bothrocophias microphthalmus1, Bothrocophias spp.; Bothrops brazili, 
Bothrops taeniatus, Bothrops spp.; Lachesis acrochorda1; Porthidium nasutum, 
Porthidium spp. 

French Guiana (France):  

Cat 1: Viperidae: Bothrops atrox, Bothrops brazili, Bothrops bilineatus; Crotalus durissus 

Cat 2: 
Elapidae: Micrurus lemniscatus, Micrurus surinamensis, Micrurus spp.; Viperidae: 
Bothrops taeniatus; Lachesis muta  
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Guyana:  

Cat 1: Viperidae: Bothrops atrox, Bothrops bilineatus, Bothrops brazili; Crotalus durissus

Cat 2: 
Elapidae: Micrurus lemniscatus, Micrurus surinamensis, Micrurus spp.; Viperidae: 
Bothrops taeniatus; Lachesis muta 

Paraguay:  

Cat 1: Viperidae: Bothrops alternatus; Crotalus durissus 

Cat 2: 
Elapidae: Micrurus corallinus, Micrurus lemniscatus, Micrurus spixii, Micrurus 
spp.; Viperidae: Bothrops diporus, Bothrops jararaca, Bothrops jararacussu, 
Bothrops mattogrossensis, Bothrops moojeni, Bothrops neuwiedi, Bothrops spp.  

Peru:  

Cat 1: 
Viperidae: Bothrops atrox, Bothrops bilineatus, Bothrops pictus; Crotalus 
durissus; Lachesis muta 

Cat 2: 

Elapidae: Micrurus lemniscatus, Micrurus mipartitus, Micrurus spixii, Micrurus 

surinamensis, Micrurus spp.; Viperidae: Bothriechis schlegelii; Bothrocophias 
hyoprora, Bothrocophias microphthalmus; Bothrops asper; Bothrops brazili, 
Bothrops mattogrossensis, Bothrops taeniatus, Bothrops spp. 

Suriname:  

Cat 1: Viperidae: Bothrops atrox, Bothrops bilineatus, Bothrops brazili; Crotalus durissus

Cat 2: 
Elapidae: Micrurus lemniscatus, Micrurus surinamensis, Micrurus spp.; Viperidae: 
Bothrops taeniatus; Lachesis muta  

Uruguay:  

Cat 1: Viperidae: Bothrops alternatus; Crotalus durissus 

Cat 2: Elapidae: Micrurus corallinus, Micrurus spp.; Viperidae: Bothrops pubescens1  

Venezuela (Bolivarian Republic of):  

Cat 1: 
Viperidae: Bothrops atrox, Bothrops cf. atrox, Bothrops venezuelensis; Crotalus 
durissus (including Isla de Margarita) 

Cat 2: 

Elapidae: Micrurus circinalis, Micrurus lemniscatus, Micrurus mipartitus, Micrurus 

spixii, Micrurus surinamensis, Micrurus spp.; Viperidae: Bothriechis schlegelii; 
Bothrops asper, Bothrops brazili, Bothrops bilineatus; Lachesis muta; Porthidium 
lansbergii 

                                                           
1 Recent nomenclatural change. Refer to Tables 1 and 2 for details of previous names. 
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APPENDIX 2  

Summary protocol for manufacturing and control of snake antivenom 

immunoglobulins 

1. Antivenom batch information  

a. Name and address of manufacturer.............................................................  
b. Batch number .............................................................................................  
c. Date of filling ..............................................................................................  
d. Liquid or freeze-dried .................................................................................  
e. Expiry date ..................................................................................................  
f. Number of vials or ampoules ......................................................................  
g. Temperature of storage ...............................................................................  

2. Control of the venom batch(es) used for animal immunization 

a. Producer of venom and location .................................................................  
b. Information on the snake contributing to the venom batch: 

i. Scientific names of the snake species .............................................  
ii. Number of snakes............................................................................  

iii. Geographical origins of the snakes .................................................  
c. Dates of collection of the venoms...............................................................  
d. Expiry date of the venoms preparation .......................................................  
e. Biochemical and biological characterization of the venoms ......................  

Test performed ...................................................................................  
Results................................................................................................  

3. Control of plasma donor animals  

a. Location of the animal herd ........................................................................  
b. Animal species used for immunization.......................................................  
c. Vaccinations performed ..............................................................................  
d. Dates of animals immunization...................................................................  
e. Control of antivenom antibody titre ...........................................................  
f. Veterinary certificate of health of animal donor.........................................  

4. Collection and storage of plasma 

a. Method of collection ...................................................................................  
b. Date of collection........................................................................................  
c. Date of storage ............................................................................................  
d. Type of containers.......................................................................................  
e. Temperature of storage ...............................................................................  
f. Type and content of preservatives added (if any) .......................................  

5. Transport of plasma to fractionation facility 

a. Date of transport..........................................................................................  
b. Temperature of transport.............................................................................  
c. Date of arrival ............................................................................................  
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6. Plasma pooling and fractionation  

a. Temperature of plasma storage at fractionation facility..............................  
b. Volume of plasmas of different specificity pooled for the production of 

polyspecific antivenoms (if applicable) ......................................................  
c. Date of plasma pooling ...............................................................................  
d. Volume of the manufacturing plasma pool .................................................  
e. Number of animal donors contributing to the manufacturing plasma pool  
f. Quality control of the manufacturing plasma pool 

Test performed ...................................................................................  
Results ................................................................................................  

g. Type of active substance (intact IgG, fragments) .......................................  

7. Preparation and control of final bulk 

a. Volume of bulk antivenoms of different specificity pooled for the  
production of polyspecific antivenoms (if applicable)................................  

b. Concentration of preservatives (if used) 

Type....................................................................................................  
Method ...............................................................................................  
Result..................................................................................................  

c. Quality control of manufacturing plasma pool 

Test performed ...................................................................................  
Results ................................................................................................  

8. Filling and containers 

a. Date of filling ..............................................................................................  
b. Quantity of containers .................................................................................  
c. Volume of antivenoms per container ..........................................................  
d. Date of freeze-drying (if any)......................................................................  

9. Control tests on final product  

a. Appearance..................................................................................................  
b. Solubility (freeze-dried product).................................................................  
c. Extractable volume......................................................................................  
d. Venom-neutralizing potency test 

Method ...............................................................................................  
Venom used........................................................................................  
Results ................................................................................................  

e. Osmolality ...................................................................................................  
f. Identity test 

Method ...............................................................................................  
Result..................................................................................................  

g. Protein concentration 

Method ...............................................................................................  
Result..................................................................................................  



WHO Guidelines for the Production, Control and Regulation of Snake Antivenom Immunoglobulins 

 
 

134 

h. Purity 

Method ...............................................................................................  
Result .................................................................................................  

i. Molecular size distribution 

Method ...............................................................................................  
Result .................................................................................................  

j. Test for pyrogens 

Method ...............................................................................................  
Result .................................................................................................  

k. Sterility test 

No. of containers examined ...............................................................  
Method ...............................................................................................  
Date at start of test .............................................................................  
Date at end of test...............................................................................  

l. Concentration of sodium chloride and other excipients 

Method ...............................................................................................  
Result .................................................................................................  

m. Determination of pH 

Result .................................................................................................  
n. Concentration of preservatives (if used) 

Type ...................................................................................................  
Method ...............................................................................................  
Result .................................................................................................  

o. Chemical agents used in plasma fractionation 

Type ...................................................................................................  
Method ...............................................................................................  
Result .................................................................................................  

p. Inspection of final containers 

Results................................................................................................  
q. Residual moisture in freeze-dried antivenoms 

Method ...............................................................................................  
Result .................................................................................................  

10. Internal certification 

Certification by person taking overall responsibility for production of the antivenom 

I certify that the batch No. ………………………. of snake antivenom immunoglobulin 
satisfies the WHO Guidelines for the production, quality control and regulation of snake 
antivenom immunoglobulins. 

Signature…………………………………….......…….. 

Name (typed) ……………………………………......... 

Date…………………………………….......………….. 
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