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Viper Strike Out: The History and Current Research of 

Snake Antivenom 
Author: Megan Lyons                      Thesis Advisor: Dr. Zoë Cohen 

 

Abstract 

Every year, around 100,000 people die from a venomous snake bite (Ahmed, 2008). With over 

600 different species of venomous snakes, the availability for a particular antivenom strain is 

limited in many countries outside the United States (for example India). Factors contributing to 

this scarcity are: high retail cost, dangerous manufacturing processes of milking venomous 

snakes and the special storage requirements. In the following literary review, the physiology, 

history and current treatments for viperidae antivenom is explored. This research supports my 

hypothesis that although significant technological advancements are driving new antivenom 

research, the specificity and complex nature of venom proteins inhibit the quick development of 

universal antivenom. Along with journal investigation, I designed a brochure and educated 

Tucson locals about antivenom physiology and aftercare. Following this presentation, I created a 

poster summarizing the main points of my research. Overall, this study identified four potential 

avenues for antivenom (genetic immunization, artificial biomolecules, VIPER institution and 

natural animal venom resistance) and confirmed the global necessity for more accessible 

treatments.  

 

Introduction 

Anti-venom, also known as venom antiserum or antivenom immunoglobulin, is a form of 

medication that utilizes antibodies to treat poisonous snake bites. Antivenom was first developed 

over 100 years ago and the current method for its manufacture has evolved very little. There are 

two main issues with bottled antivenom; it is expensive (thousands of dollars for one vial) and 

there is a limited supply. According to the WHO Guidelines for the Production, Control and 

Regulation of Snake Antivenom Immunoglobulins, the family of Elapidae and Viperidae are the 

two most deadly and common snakes around the world (WHO, YEAR). The North American 

Snakebite Registry found that in the U.S., on average 99% of reported snake bites are from pit 

vipers (NASBER, YEAR). In Arizona, bites from the subfamily of rattlesnakes (Crotalus) are 

the biggest cause for deterioration in human and animal health.  

 

When treated early with the correct antivenom, survival for a bitten individual is very high. 

However, if a venomous bite is left untreated, it can lead to amputations, neural impairments and 

commonly death (Ahmed). With the consistent global threat of deadly viper bites, it is imperative 

that methods for more effective and cheaper antivenoms are developed. In the following report, I 

review the human immune system, venom interaction with the body and how researchers are 

working to improve antivenom treatment for international distribution.  
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I-Background 

 

Immune System 

The immune system functions as the body’s defense network and is comprised of many 

biological structures, processes and complexes. The goal of the immune system is to identify and 

remove foreign bodies (such as bacteria, parasites, snake venom and etc.) that enter the host. The 

immune system strengthens its dynamic capabilities through immunogen (foreign bodies that 

cause an immune response) exposure and subsequent fortification, otherwise known as 

immunization. One aspect of the immune system that highlights this diverse ability is its layered 

defense mechanisms: physical barriers, innate and adaptive immunity.  

 

Physical Barriers 

The human body’s first line of defense against the outside world is the integumentary system (or 

skin layer) and mucous membranes. These protective layers are constantly being replaced: a new 

layer of skin is apposed in 7 days and the gut lining is replaced every 3 days (Cohen). Skin 

contains surface commensal flora that effectively block and kill potentially harmful bacteria 

before they can enter the host. The flora is composed of microorganisms (such as bacteria), 

cathelicidins (antimicrobial peptides) and antimicrobial defensins (small proteins made by 

epithelial cells or delivered white blood cells) (Cohen). These proteins are positively charged 

which enables them to bind to negatively charged pathogens and neutralize them.  

 

Innate Immunity 

Through the innate immune system, 

the host is protected by nonspecific 

defense mechanisms that powerfully 

and rapidly (within hours) neutralize 

foreign bodies. Important cells 

involved in pathogenic elimination 

are: natural killer cells, mast cells, 

eosinophils, basophils and phagocytic 

cells (such as macrophages, dendritic 

cells and neutrophils). This system 

encompasses several defenses such as 

complement system, coagulation 

cascade and phagocytosis.  

 

 

 

 

Figure 1: Pathway of the complement system including 
the Classical, MB Lectin and Alternative pathways 
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The innate system recognizes various chemical structures and cell surface markers in order to 

prompt immune responses. Almost every cell in the body can recognize molecular motifs and 

initiate the innate immunity. Pathogen-associated molecular patterns (PAMP) are pathogen 

surface markers that can be recognized by pattern-recognition receptors (PRR) on cells. PRRs 

also include Toll-like receptors which can also recognize molecules expressed by damaged or 

stressed cells called damage-associated molecular patterns (DAMP). Successful binding of TLRs 

to molecular motifs start complement system and inflammation.  

 

The complement system is activated by the binding of antibodies (IgG, IgM or IgA), mannose 

binding lectin or TLRs to bacterial cell walls. Figure 1 provides an overview of the different 

ways complement is activated and how foreign pathogens are removed from the body. In 

addition to complement system, the coagulation cascade (which delivers cells to a localized 

area), plasma kinin cascade (which delivers cells through vasodilation) and phagocytosis (cells 

that engulf and remove foreign bodies) are employed to help the process.  

 

Adaptive Immunity  

 

In comparison to the innate system, adaptive immunity is a slower process to activate. However, 

it employs specificity in recognition, signaling and defense. Although the innate and adaptive 

immunity are separate branches of the immune system, they are connected through dendritic 

cells. Once activated by cytokines (cell signals) and PRR/DAMP interactions, dendritic cells 

engulf free floating molecules and deliver pieces to adaptive immunity cells which begins the 

adaptive response (Cohen). The two major kinds of cells in adaptive immunity are lymphocytes 

(T or B cells) and phagocytes. Adaptive immunity has two immune responses: humoral 

immunity which is mediated by antibodies (made by B lymphocytes) and cell-mediated 

immunity which is mediated by T lymphocytes (see Figure 2).  

Figure 2: Overview of the adaptive immune system including humoral and cell-mediated 
immunity 
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Humoral immunity heavily relies on B cells (immune 

cells that are derived and matured in the bone marrow) to 

protect extracellular spaces and plasma cells to release 

antibodies. Antibodies, also called immunoglobulins, are 

large proteins that randomly bind their Fab regions to 

epitopes on antigens, see Figure 3 (Cohen). Antibodies 

function as pathogen markers and activate the 

complement cascade to remove antigens. They are also 

useful in surrounding/containing a foreign body which 

helps prevent it from spreading throughout the host 

(Cohen). 

 

There are 5 classes of antibodies B cells produce: IgM, 

IgG, IgE, IgA and IgD. Each of these antibodies perform 

specific functions and have unique receptors.  

 

Cell mediated immunity neutralizes pathogens through helper T-cells, activation of phagocytes, 

cytotoxic T-lymphocytes, and the release of various cytokines in response to an antigen. T 

lymphocytes are derived from the bone marrow but undergo maturation and immunocompetence 

in the thymus. There are several key cells that make up a functional cell-mediated response: 

antigen presenting cells, helper T cells, regulatory T cells, memory T cells and cytotoxic T cells. 

Major histocompatibility complex (MHC) is a set of surface proteins that are present on cells and 

come in two classes: MHC I (found on all cells except red blood cells and used to present 

intracellularly made proteins) and MHC II (found only on antigen presenting cells and used to 

show engulfed antigens). When a helper T cell binds to a B cell MHC II plus an antigen, it 

activates the B cell to produce specific antibodies. Helper T cells are crucial cells that can 

activate both humoral and cell mediated immune responses through the release of cytokines. 

Cytotoxic T cells recognize MHC I plus antigen complexes on cells. If the cytotoxic lymphocyte 

gets activated, it causes infected cell to die through apoptosis (Cohen). 

 

II: Etiology of Venomous Snakes  

Snakes are carnivorous, poikilothermic (internal temperature is susceptible to variation) reptiles 

which are found on nearly every continent except Antarctica and small islands. Although 

potentially dangerous to humans, snakes eat pests such as rats and gophers. There are two main 

methods snakes use to catch and kill their prey: constriction and envenomation. According to a 

2008 research review by Syed Ahmed et al., there are three major families of envenomation 

hunting snakes: Elapidae (cobras, kraits and coral snakes), Hydrophidae (sea snakes) and 

Viperidae (vipers). In this literature review, the family Viperidae will be the snake of focus with 

particular emphasis on the subfamily Crotalidae and genus crotalus (rattlesnakes). 

Figure 3: Antibody idiotype illustration showing 

the unique set of antigenic determinants on the 
variable region of an IgG antibody 
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Gross anatomy of Viperidae 

Vipers can be identified by distinct triangular heads, wide bodies and elliptical pupils (see Figure 

4). These snakes have long fangs which are specialized teeth that are canalized in a similar 

fashion to “hypodermic needles” 

(Syed Ahmed et al., 2008). 

Viperidae can be distinguished into 

two main subfamilies: Viperinae 

(true vipers) and Crotalidae (pit 

vipers) (Theo Tasoulis and 

Geoffrey K. Isbister, 2017). Pit 

vipers are recognized by a 

specialized heat sensing organ 

between the eyes and nostrils on 

both sides of their heads. In a 2004 

study conducted by Barry Gold et 

al., researchers examined the bites 

of venomous snakes around the 

world and found that true vipers 

lack a heat sensing pit  while 

Elapidae have short fangs for 

chewing. 

In a study done by Oldrich Zahradnicek et al., they identified two potential hypotheses that 

explained the formation of viper fangs. One hypothesis suggests that venom conducting canals 

were formed by invagination of the epithelial wall of a tooth germ during snake development and 

the second hypothesis, coined the “brick chimney”, suggests that the venom conducting canal is 

a dentine deposit where the fang grows from tip to base (Oldrich Zahradnicek, 2008). 

Glands and Venom Development in 

Viperidae: 

In vipers, the venom glands are encapsulated 

by tough connective tissue and are broken 

into 4 regions: main gland, primary duct, 

accessory gland and secondary duct which 

leads down to the fangs (U. Oron et al., 

1973). The paired glands are located on either 

side of the cheeks where compressor muscles 

function to eject the venom. The venom 

travels from the main gland through the 

primary duct, accessory duct, secondary duct 

Figure 4: Diagram of pit viper vs. non-venomous snakes that illustrates 
different head shape, eye styles and fang build 

Figure 5: Basic structure of viper fangs and movement of 
venom through venom canal 
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and then finally out of the fang tip (Figure 5).  

The main gland makes up the posterior two-thirds of the entire glandular system which is made 

of branching tubules surrounding the lumen (where the venom is stored) (U. Oron et al., 1973). 

The accessory glands have two distinct areas where the anterior portion is lined by mucous 

epithelium (that contain goblet cells) and the posterior portion lined with epithelium that ranges 

from flat to cuboidal cells (U. Oron et al., 1973). Figure 6 shows a sagittal cut of a viper gland 

indicating the four main regions where “ag” is the accessory gland, “ap” the anterior portion, 

“pp” the posterior portion, “l” referring to the lumen and “mg” is the main gland. 

 

 

 

 

 

 

 

 

The lumen of the main gland is lined by secretory cells; Figure 7 shows the exocytosis  of venom 

filled vesicles to the lumen.  

In a 1983 study done by Elazar Kochva 

et al., researchers discovered that certain 

hydrolytic enzymes commonly found in 

the human pancreas and salivary glands 

are also found in snake venom (29 

overlapping amino acid residues). This 

suggests that snake venom derived from 

preexisting digestive enzymes and has 

evolved over time. This study also found 

that viper snake blood serum contains 

factors that bind to and neutralize the 

toxic phospholipase enzyme (Kochva et 

al., 1983). This suggests that venomous 

snakes produce their own form of 

venom protection in the case of gland 

damage or leakage into their bodies.  

Figure 6: Image of venom gland from Vipera palenstinae 

Figure 7: Image of secretory cells from an milked viper gland: 

vesicles (v), endoplasmic reticulum (rer), nucleus (n), 
mitochondria (m) and lumen (l) 
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Identifying Major Venom Proteins and Abundance: 

Although there appears to be a common ancestral venom proteome present in front fanged 

vipers, there is also extreme snake venom diversity across several species (Tasoulis et al., 2017). 

This is the result of thousands of years of genetic mutation and resulting natural selection. 

Venom specificity is one of the main concerns and battles medical researchers face in order to 

create a universal antivenom. Researchers Laraba-Djebari Fatima and Chérifi Fatah argued that 

major venom components are encoded by poly-adenylated mRNA of venomous glands. Venom 

is a complex mixture comprised of not only harmful enzymes but also lipids, polysaccharides, 

nucleotides, nucleosides, free amino acids, riboflavin, serotonin and histamine. (Fatima et al., 

2014).  

A major new area of venom research is focused on understanding the structure and function of 

single toxins. Recent advances in technology has allowed new tools such as gene transcriptomics 

machines, reverse-phase high performance liquid chromatography (RP-HPLC), and mass 

spectrometry (MS) to be used to identify different toxins in snake venoms and measure their 

relative abundance (Tasoulis et al., 2017). This allows for greater understanding of how venom 

proteins alter the human physiology and provide improved classification of the snake phylogeny.  

In the Tasoulis et al. study, researcher included 132 species of snakes: 42 species from 

Elapididae (elapids), 20 species from Viperinae (true vipers), 65 species from Crotalinae (pit 

vipers), and five species of non-front-fanged snakes to identify common proteins presents across 

all of these venomous snakes and find the particular ratio of enzymes in each species. They 

found that crotaline venom contained high amounts of phospholipase, snake venom serine 

protease and snake venom metalloprotease which was similarly found the in viperinae venoms. 

However, a major difference between the two groups was the presence of the kunitz peptide in 

viperinae and the glutaminyl cyclases in crotalines.. Figure 8 shows the secondary, minor and 

unique family proteins varies significantly between the two species which results in major 

differences in venom structure and physiological mechanism inside the body of a victim. 

Additionally, some venom proteins were found to be only present in a single genus, such as the 

protein defensins (crotamine) in the crotaline genus Crotalus (rattlesnakes).  

 

 

 

 

 

Figure 8: Comparison of venom enzymes of crotaline and viperine 
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Although this study identified several key viper venom proteins, many of the biomolecules have 

yet to be determined and remain to be researched.  

Dry Bites and Envenomations   

Every time a snake bites, it can be potentially fatal. However, snake envenomations are not 

consistent and bites without delivering venom can occur (Naik, 2017). Identification of a “dry 

bite” is made through observation when the bitten individual experiences no symptoms. 

However, assuming every snake bite is a dry bite bite can be dangerous leading to lack of proper 

treatment. Dry bites were not always recognized and healthcare providers use to be skeptical that 

a venomous snake could ever bite with the absence of venom (Naik, 2017). The incidence of 

“dry-bites” varies with snake species and also varies between very mild edema around the bite to 

no local signs at all (Naik, 2017).  

Symptoms and Physiology of Human Envenomation 

The venom of snakes are categorized by into two major groups: hemotoxic venom, which is 

toxic to the blood, or neurotoxic venom, which is toxic to the nervous system. Viper venoms 

consist of numerous hemotoxic components that cause hemorrhagic and coagulopathic 

symptoms. However, some species cause neurotoxic pathologies (Harrison et al., 2003). 

Common symptoms of a viper snake bite are pain 

around the bite site, swelling, low blood pressure 

and muscle weakness (Figure 9).  

The main targets of snake venoms enzymes are 

aimed at degrading the victim’s cell membranes, 

vascular walls and blood coagulation cascade 

(Fatima et al., 2014). Snake from the Viperidae 

family contain molecules that act on the four blood 

systems to produce abnormal inflammation: the 

coagulation system, fibrinolysis, complement and 

kinin system. Proteolytic enzymes are particularly 

involved in the development of tissue necrosis, 

hemorrhage and bleeding disorders (Fatima et al., 

2014). Venom proteases are divided into two broad 

classes of enzymes: Snake Venom Serine Proteases 

(SVSPs) and Snake Venom Metalloproteinases 

(SVMPs).  

 

Figure 9: General symptoms of snake venom on the 
human body 
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Snake Serine proteases are found to be abundant in the Crotalinae (Agkistrodon, Crotalus, 

Lachesis, Trimeresurus), Viperinae (Cerastes cerastes, Cerastes vipera and Bitis gabonica) and 

Colubrinae (Dipholidus typus) subfamilies (Fatima et al., 2014). These enzymes (also called 

"Thrombinic enzymes from snake venom" or Snake Venom Thrombin-Like Enzymes (SVTLEs) 

contain a triad of basic amino acids: histidine (His 57), serine (Ser 195), and aspartic acid (Asp 

102) (Laraba-Djebari Fatima and Chérifi Fatah). Researchers Laraba-Djebari Fatima and Chérifi 

Fatah found that these proteins result in the release of bradykinin which effects the normal 

function of hemostasis, platelets, plasma coagulation and fibrinolytic system.  

Snake Venom Metalloproteinases (SVMPs) mainly target the basement membrane of endothelial 

cells. SVMPs are involved in hemostatic system disorders such as edema, inflammation, 

myonecrosis, skin damage and in extreme cases cardiovascular shock (Fatima et al., 2014). 

These proteases inhibit platelet aggregation, degrade the extracellular matrix components 

(collagen, proteoglycans, laminin and fibronectin) which causes major uncontrolled leaking of 

blood which damages organs such as the heart, liver, lungs, intestines and brain (Fatima et al., 

2014).  

Snake envenomation induces prominent local tissue damage that often results in permanent 

disability and systemic alterations associated with haemorrhage, coagulopathies, cardiovascular 

shock and renal failure. Clinical reports indicate that, in humans, the main invalidating effect is 

the irreversible disruption of muscle tissue. When muscle necrosis (or myonecrosis) appears, a 

person is susceptible to developing gangrene and other infections which can result in amputation. 

Myotoxins bind to the plasma membrane of muscle cells where they cause damage. However, 

little research is found on the exact mechanism for venom myonecrosis. In a 2014 study, 

researchers Fatima and Fatah speculate that muscle tissue damage mechanism begins with the 

penetration of myotoxins into muscle cells by endocytosis (through surface membrane receptors) 

where once inside the cell’s cytosol, myotoxins further alter the function of the mitochondria and 

sarcoplasmic reticulum.  

Global Statistics on Venomous Snake Envenomations  

 

The worldwide availability of snake antivenom to treat envenomated individuals has recently 

gained attention as critical issue. In 2007, the World Health Organization recognized snake 

antivenom as an important medical treatment and added it to their Model List of Essential 

Medicine (Padilla et al., 2010). However, current research and centralized compilations of all 

snake envenomations and fatalities are limited. Regional data and independent studies from 

several sources have been identified through this literature review.  

  

According to WHO, there are several published estimates that suggest the yearly snake bite can 

range on the low of 421,000 envenomings with 20,000 resulting in death and on the high of 2.5 

million cases with over 100 000 deaths (Padilla et al., 2010). J-P Chippax, of the WHO Bulletin 

OMS, identified household surveys and health records are the most frequently used collection 
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methods in order to calculate snake envenomings and resulting fatalities (Chippaux, 1998). 

However, the data collected on snake bite incidents are generally underreported as the true extent 

of bitten victims is not known; many are not reported as individuals do not seek treatment in a 

government run dispensary or hospital (Padilla et al., 2010). These limitations should be noted 

for the following data and emphasizes the lack of global certainty on the true extent of venomous 

snake incidents.  

 

Estimations of Snake Envenomation Across Continents: 

 

In a 2008 literature review 

conducted by Anuradhani 

Kasturiratne et al., these 

researchers found that of the 

227 countries around the 

world, 169 were identified as 

countries with venomous 

snakebite occurrence.  

 

Figure 1 shows the combined 

data from the World Health 

Organization mortality 

database, Ministries of 

Health, National Poison 

Centers, and unpublished 

information from snakebite 

experts. South Asia, Africa and South America are regions with the highest number of 

envenomations per year with over 10,000 incidents recorded. 

 

The WHO Bulletin OMS conducted its own research on the global incidents of snake 

envenomations and number of resulting deaths. Asia was estimated to have the most number of 

venomous snake bites (2 million) and subsequently the most death (100,000) of all the studied 

regions (Padilla, et al., 2010). However, Africa and Central/South America are also rank high 

with having the second and third most venomous bites.  .  

 

Although the research gathered about the estimated statistics for global snakebite envenomations 

and deaths per year is not concrete data, a general conclusion can be made about regions most 

affected by these incidents. Sub-Saharan Africa, Southeast Asia and Central/South American 

regions contribute the most to the global venomous snakebite concern. Through this literary 

research, an ongoing need for complete data collection on venomous snakebites was repeatedly 

highlighted. Many researchers have attempted to compile an accurate report, however, each 

Figure 10: Regional estimates of envenoming due to snakebites (low 
estimate) 
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discovered that lack of global snake envenomation health support and documentation was 

responsible for the lack of coherent data.  

 

Dangerous Snakes Around the World 

 

There are over 600 different species of venomous snakes in the world. These snakes range from 

living in tropical environments, deserts, mountains, trees and in cases species-ocean waters. The 

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

Immunoglobulins outlines snakes viewed as great importance for medical attention in a 

collective list (Padilla et al. 2010). Snakes that contain the most potent venom, are very common, 

have aggressive behavior or lack information are highlighted in this compilation. Table 1 shows 

the top two venomous snakes of medical importance (derived from the WHO database) for 

Africa, Middle East, Asia, Oceania, Europe and the Americas. The family of Elapidae and 

Viperidae are the two most deadly and common snake envenomations found around the world 

(Table 1). 

 
Table 1: WHO’s Classified Most Dangerous Snakes Around the World Antivenom Availability 

Venomous Snake: Family  Family Demographic 

Dendroaspis jamesoni Elapedae Africa 

Bitis gabonica Viperidae Africa 

Naja arabica Elapedae Middle East 

Bitis arietans Viperidae  Middle East  

Bungarus caeruleus 

 

Elapedae  Asia 

Daboia siamensis Viperidae Asia 

Acanthophis laevis Elapedae Oceania 

Notechis scutatus Elapedae Oceania  

Vipera ammodytes Viperidae Europe 

Vipera berus Viperidae Europe  

Bothrops asper 

 

Viperidae  Americas 

Crotalus durissus Viperidae Americas 
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United States and Arizona: Most Dangerous Snake Envenomations 

 

Although the United States on a global comparison faces much less snake envenomations than 

Asia, Africa and Central/South; the state of Arizona significantly contributes to the global health 

issue.  On average, 5,000 

venomous snake bites are 

reported to poison centers each 

year within the United States 

alone (Ruha, 2017). Established 

in 2013 and running until 2015, 

the North American Snakebite 

Registry (NASBR), was a 

national database that collected 

incidents of snake 

envenomation if the United 

States. Figure 2 shows the 

statistics found for 450 

snakebites across 10 states. Of 

5,000 yearly reported snake 

bites, around 99% of cases were 

from native species and in 

particular pit vipers (ruha, 2017). 

Snakes from the family of 

viperidae are the most frequently reported envenomations within Arizona as well as the world 

(Table 2).  

 

According to a 2011 treatment algorithm for the management of crotaline (rattlesnake) bites in 

the U.S., the FDA-approved treatment for pit viper bites is a Fab cocktail produced in sheep 

(Lavonas et al., 2011). The wholesale cost for one vial of this treatment is approximately 1,000 

USD and also results in unpleasant immunogenic side effects. Antivenom is an expensive 

treatment in the U.S., but scarcity and cost is intensified in less developed parts of the world. 

These factors have prompted further research into innovative and more effective options for 

viper snake venom treatment.  

 

 

 

 

 

 

 

 

Figure 11: North American snakebite registry: total snakes surveyed 

n=450, pit viper n=442, rattlesnake n=256, copperhead n=130, 
cottonmouths n=15 and unknown pit viper n=41 
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Table 2: Common Arizona Rattlesnakes: Location, LD50 and Antivenom Availability  

 

Image 

     

Name  Mohave Rattlesnake 

Crotalus 

scutulatus 

Western 

diamondback 

Crotalus atrox 

Southwestern 

Speckled Rattlesnake 

Crotalus mitchellii 

pyrrhus 

Sonoran Sidewinder 

Crotalus cerastes 

cercobombus 

Prairie Rattlesnake 

Crotalus viridis 

Region  Southwest Arizona Southern Arizona  East Arizona South East Arizona North West Arizona  

Antivenom 

Availability  

Yes Yes Yes Yes Yes 

 

III: Antivenom Research 

History of Antivenom: 

The initial concept of antivenom and using serotherapy (treatment of disease by the 

administration of a serum from an immunized animal) can be traced back to the 1700s when 

microbial therapy and immunization techniques were just beginning to develop. The first 

vaccination (a treatment that causes the body to produce immunity against a particular disease) 

was created in 1796 by the English physician/scientist Edward Jenner. He noticed that milkmaids 

exposed to cowpox, were immune to deadly smallpox. Jenner developed this observation into the 

hypothesis that cowpox was a similar disease to smallpox and inoculation of pus (from blisters of 

milkmaids) could produce protection against the severe disease. This proved to be more effective 

and a better alternative to inoculation (which involved introducing a small dose of an antigenic 

substance to produce an immune response) and mithridatism (gradually administering small 

doses of poison/toxin to produce tolerance in the body). Both methods were shown to have lethal 

risk factors (Bochner, 2016).  

In a review article conducted by Rosany Bochner et al., they found a few notable discoveries that 

help establish modern immunizations practices.  In 1781, Felice Fontana verified the natural 

immunity of vipers and non-venomous snakes against the viper venom, in 1841-1843 Lucien 

Bonaparte discovered that Viera berus venom contains a protein similar to digestive enzymes, in 

1887 Henry Sewall developed resistance in pigeons against Crotalus snake venom through 

increasing doses of venom injections and in 1892, Maurice Kaufmann found evidence that 

inoculations of small doses of venom produce resistance but insignificant levels of immunity.  
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The discovery of antivenom serotherapy was derived from the work of two French research 

groups headed by Césaire Auguste Phisalix and Albert Calmette in the late 1800s. According to 

Bochner, both of these scientists simultaneously made the same discovery. In 1894, Phisalix and 

his partner, Gabriel Bertrand, were working in the Pasteur Institute and found that heating viper 

venom weakened the potency and vaccination is guinea pigs was possible (Bochner, 2016).  In 

1894, Calmette also conducted a study on snake venom and confirmed the finding of Philsalix 

(Bochner, 2016). However, it was not until Phisalix and Bertrand described that the immunity 

from one animal could be transferred to another (passive immunity), did the concept of 

antibodies and anti-venom truly begin.  

As defined by WHO, antivenoms (also referred to as antivenins) is a purified fraction of 

immunoglobulins from the plasma of animals that have been immunized against snake venom 

(Padilla et al., 2010).   

Albert Calmette is renowned as the developer for the world's first snake antivenom. According to 

the WHO Guide book, the first horse-derived antivenom sera Calmette prepared was in clinical 

use by 1895 (used by Haffkine in India and by Lépinay in Vietnam) and by 1896, it was reported 

to be the first successful use of antivenom serum therapy in patients (Padilla et al., 2010). 

Calmette’s method involved milking poison out of a cobra's fangs, injecting it into a horse, 

waiting a couple months for the horse's immune system to develop antibodies against the 

venom's toxins, later drawing out the horse's blood, spinning out the serum, and injecting that 

medium into snake bite victims (Bochner, 2014). This would become the basis of the modern-

day technique for antivenom production.  

 

 

 

 

 

 

 

 

 

 

 

Figure 12: The traditional production of antivenin 
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How Antivenom Works 

Antivenom treatment works through passive immunization where purified antibodies from 

animal serum actively neutralize venom in a host. In a 2014 study conducted by Kalana 

Madwage and Geoffrey Isbister, the efficacy of antivenom is calculated by its ability to bind 

venom components or toxins, while its effectiveness measured by its ability to prevent or reverse 

the effects of envenoming on the human body. Antivenom works by blocking the active site of a 

toxin or by binding/neutralizing a toxin and preventing it from interacting with a substrate (steric 

hindrance). Antivenom can create antibody-venom complexes which prevent the distribution of 

venom proteins to the target tissues (like the nervous or cardiovascular system) and encourage 

the elimination of toxins through macrophage clearance (Madwage et al., 2014). 

Researchers, Ahmed et al., found that in Crotalidae polyvalent immune Fab (CroFab; FabAV), 

fragmented immunoglobulins resulted in less reported cases of antivenom sickness or allergy 

reactions to residual animals proteins in the antivenom (Ahmed et al., 2008).  A prevalent 

antivenom, Antivenin Crotalida Polyvalent (ACP) was first used in America during the 1950s 

which brought a huge decrease in deaths from pit-viper bites (from 5-25% mortality to under 

0.5%) (Ahmed et al., 2008). According to the manufacturer of this antivenom, ESI Lederle, 

production of this treatment has discontinued with Crotalidae Polyvalent Immune Fab taking its 

place.  

The Process of Making Antivenom 

In a 2008 study on emergency treatment of snake bites, authors Syed Ahmed et al. outlined the 

steps to create snake antivenom. Anti-snake venom (ASV) is a collection of immunoglobulins 

taken from horses immunized by a particular snake venom. The serum from these horses are 

extracted and purified. Antivenoms can be monovalent/monospecific (effective for a specific 

venom) or polyvalent/polyspecific (useful against many species of snakes) (Ahmed et al, 2008). 

Polyvalent antivenom or paraspeific activity occurs when antibodies against one venom can also 

cross-neutralize against other venoms (Ahmed et al., 2008). Polyspecific antivenoms can be 

obtained through: immunizing individual animals with a single venom then later combining the 

various hyperimmune plasmas for fractionation or by immunizing animals with a mixture of 

venoms which produces animal serum containing antibodies against various snake species 

(Padilla et al., 2010). According to the WHO, administration of monospecific ASV is considered 

as the ideal and most effective treatment. However, due to limited resources, difficulty 

identifying the snake as well as high prices, monovalent antivenom is not globally available 

(Ahmed et al., 2008). Although monovalent antivenom was considered the most potent 

treatment, polyvalent antivenoms were found to produce higher titers of neutralizing antibodies 

against individual venoms than in a monospecific antivenom (Padilla et al., 2010).  

According to the WHO’s Guidelines for the Production Control and Regulation of Snake 

Antivenoms Immunoglobulins, antivenom production involves careful selection of snakes, 
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understanding of venom structure variability, milking equipment and proper storage. Snake 

venom produces cross-neutralizations that increase the versatility and value of such antivenoms 

(Padilla et al., 2010).  

Snakes that are acquired for snake milking are first quarantined for 2 months (Padilla et al., 

2010). Upon arrival to milking facilities, snakes are examined by a specialized veterinary 

surgeon for ectoparasites and pentastomids (which if found, can be eliminated with broad-

spectrum antiparasitic drugs) (Padilla et al., 2010). With proper care, adult snakes collected from 

the wild can live in a snake farm for more than 10 years (Padilla et al., 2010).  

 

Figure 13: Image of a rattlesnake being milked. Image by Jorge Davalos 

The World Health Organization outlines the milking process for snakes. Collected snakes are 

milked on a regular schedule and the frequency depends on snake species which can vary 

between every 2 or 3 weeks to every 3 months (Padilla et al., 2010). The snake is carefully taken 

from the cage with a hook, placed on a foam rubber pad and pinned behind the head (Figure 13). 

For particularly venomous and aggressive species, general anaesthesia or moderate cooling (at 

15 °C, these ectothermic snakes significantly decrease in movement) during milking are used to 

calm the snake (Padilla et al., 2010). The snake handler holds the snake’s head between their 

index finger and thumb while holding the snake’s body between the trunk and the arm of the 

snake handler. With gentle pressure, the snake's jaws are forced open to expose the fangs. The 

fangs are then pushed through a plastic/parafilm membrane (covering a glass container) and the 

venom is squeezed out. After each snake is milked, all materials are sterilized with a flame and 

cooled (Padilla et al., 2010).  

Ideally, antivenoms should be prepared in liquid form to ensure preservation of immunoglobulin 

structures. However, antivenoms can also be freeze dried and stored (Ahmed et al., 2008). ASV 

can also be made into a dry powder and be reconstituted by adding 10 ml of saline/D5W and 

gently swirled until homogenized (Ahmed et al., 2008). 
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Current Research: The Future of Antivenom  

Although the production of antivenom has not greatly evolved from Albert Calmette’s initial 

design in 1895,  new technology and drive for more affordable treatment has drawn a significant 

interest in antivenom research during last 20 years. In this literature review, research on genetic 

immunization, artificial antivenom, animal venom immunity and Arizona’s VIPER program was 

explored.  

A. Genetic Immunization 

In a 2000, Harrison et al. looked in to an alternative way of making antivenom through studying 

Bothrops jaraca viper venom. They hypothesized that DNA immunization that targeted part of a 

major haemorrhagin of Bothrops jararaca venom could elicit improved antibody specificity and 

match the effectiveness of conventional antivenom (Harrison et al.). The jararhagin snake venom 

is rich in metalloproteinase disintegrin cysteine (MDC) proteins. In this study, researchers 

focused on  the carboxyl-disintegrin and cysteine-rich domain from soluble zinc-dependent 

metalloproteinase (named Jararhagin (JD9)) from the Bothrops  jararaca venom and designed a 

coding DNA that could be injected into mice (via a gene gun). The JD9 domain of Jararhagin 

venom was amplified through the polymerase chain reaction (PCR) using primers 

complementary to nucleotides 1066–1093 (5′ primer) and nucleotides 1684–1697 (3′ primer). 

The PCR product was subcloned into a cloning plasmid and subjected to DNA sequencing to 

verify that the JD9 DNA sequence was in frame with the coding sequence of the vector. 

Transformed E. coli colonies were amplified in 500 ml LB cultures and the plasmid DNA 

constructs purified chromatographically. Figure 14 shows the results when mouse antibodies 

were extracted and placed in whole venom. A significant reduction of the hemorrhagic injury 

was recorded (Harrison et al., 2000).  

The researchers then compared titers of 

GeneGun DNA immunization raised 

antigen-specific antibodies with animals 

hyperimmunized with venom components 

(sera from a rabbit). Harrison et al. found 

that both sera expressed high IgG titers and 

confirmed the ability of GeneGun 

immunization. In Figure 15, although 

GeneGun and conventually derived 

antivenom was found to be similarly 

effective, column 4 shows intramuscular 

treatment of venom with DNA coding as a 

less promising method (lower IgG titer). 

This suggests that although effective IgG 

filled antivenom can be successfully produced from DNA injected coding, GeneGun 

immunization alone cannot produce an effective immune response against snake venom. This 

Figure 14: Hemorrhagic lesion on skin of 2 mice, each 
injected with minimum  hemorrhagic dose of venom 
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study found promising results that may lead to a shift in snake 

antivenom production. Its results suggest that specifically 

designed DNA can be injected into an animal; produce specific 

antibodies and sera can be purified into antivenom. This would 

eliminate the need for snake milking and suggests that specific 

venom proteins can be targeted to produce highly specialized 

and potent antivenom.    

Also, in 2015, a Brazilian biochemist named Paulo Lee Ho 

explored a procedure for antivenom production using DNA 

immunization and artificially made venom. This method 

involved engineering short pieces of DNA that triggered 

antibodies (against coral-snake venom) and injecting that into 

mice. Low concentrations of correctly folded three-finger 

toxins can sensitize the immune system of genetic immunized 

animals, so in order to encourage a large immune response, 

Ho constructed small pieces of artificial recombinant 

multiepitope venom proteins synthesized in Escherichia coli bacteria (Ho et al.). After injecting 

the mice with the recombinant protein booster, generated significantly high titers of IgG 

antibodies (Ramos et al., 2015). These results indicate that the DNA immunization is a plausible 

way of creating specific and effective antibodies against snake venom and artificial venom made 

from Escherichia coli can be used to promote antibody production.  

      B. Artificial Antivenom 

A new potential solution to overcome expensive antivenom manufacturing, involves using plants 

as a vessel for recombinant antibody production. In 2018, a team of biomolecular scientists in 

Spain used plant biofactories as alternative platforms for recombinant antibody production 

(called plantibodies) (Parreno et al., 2018). These plants could allow for high production yield, 

lower production costs and low risk for potential contaminations. Parreno et al. found that the 

plant chassis can be used as a production platform with its mosaic-like cell pattern due to 

superinfection exclusion (SE). SE prevents the superinfection of cells by a second virus when 

they are already infected with a closely related resident virus. Variants in plant virus infections 

are not uniformly distributed but structured in a mosaic-like pattern. In the plant’s leaves, each 

mosaic formation functions as an independent monoclonal micro-production line, resulting in the 

production of recombinant polyclonal mixtures. In this study, researchers showed that 

immunized mammalian antibody repertoire in a multitransgenic plant can be used to synthesize a 

complex antibody cocktail able to neutralize a wide range of toxins in the Bothrops asper venom 

(Parreno et al, 2018).  

Figure 15: IgG titres to venom in 

ELISA. Lane 1-control, lane 2- 
JD9/pSecTagDNA, lane 3- rabbit serum 
and lane 4-rabbit sera immunized with 
JD9/pSecTagDNA 
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Plant-made recombinant polyclonal 

antibodies (termed pluribodies) were 

developed using toxin-binding genetic 

information captured from peripheral 

blood lymphocytes of hyperimmunized 

camels. An improved plant-made 

antivenom (plantivenom) was formulated 

using an in vitro selected pluribody 

against Bothrops asper snake venom 

toxins and has been shown to neutralize a 

wide range of toxin activities and provide 

protection against lethal venom doses in 

mice. 

When conducting ELISA tests, 

researchers found that the venom-binding 

activities of pre-immune plantivenom 

and immune plantivenom were consistently reactive against the three venoms employed for 

immunizations (Figure 16). This suggests that plant made antibodies are effective and a potential 

solution for cheaper antivenom production. 

C. University of Arizona: VIPER 

Antivenom can be categorized in into three ways: first generation (use of relatively unprocessed 

animal or human serum), second generation (use of purified antibodies from immune animals) 

and the third generation which is a new approach to antivenom the University of Arizona’s 

VIPER institute is designing. The VIPER research institution began in the 1990s and has gained 

public recognition as one of the leading teams for antivenom and toxin research. One of the main 

goals of this program is to establish an antivenom that would result in fewer side effects through 

altering the antibody structures taken from immunized animals. 

Many venomous pit vipers in North America contain venom that are fibrinogenolytic and cleave 

the A(a)-chain and the B(b)-chain of fibrinogen, resulting in hypofibrinogenaemia and decreased 

coagulation (Nielsion et al., 2016). This allows the toxic venom to move throughout the host’s 

body and leads to uncontrollable bleeding. Although antivenom can bind and inactivate these 

enzymes, creating a treatment to protect fibrinogen from venom breakdown may be beneficial to 

envenomation treatment.  

In 2015, VIPER conducted research on hypofibrinogenemia and its role following 

envenomation. Vance G Nielson and Leslie Boyer found that iron and carbon monoxide (CO) 

enhanced fibrinogen formation and significantly reduced venom-mediated degradation of 

plasmatic coagulation. In the same year following that initial study, Vance G. Nielsen et al. 

Figure 16: ELISA test showing the venom binding activity of 3 

non-equivalent PIM preparations obtained from camel samples 
and analyzed against venoms 
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(under the Department of Anesthesiology at the University of Arizona College of Medicine) 

explored how pre-treatment of plasma with iron and carbon monoxide could decrease the venom 

catalysis of fibrinogen obtained from six Agkistrodon (north American pit vipers) species with 

fibrinogenase activity. The sample involved human plasma which was treated with ferric 

chloride and carbon monoxide-releasing molecule-2 and then to exposed to 0.5–11 lg/ml of six 

different Agkistrodon venoms. Coagulation kinetics was observed through 

thromboelastographic. Researcher found that pre-treatment of plasma with iron and carbon 

monoxide attenuated degradation of plasmatic coagulation but only in certain species (Nielson et 

al., 2016). This study showed that further research into the specific proteins in snake species is 

needed to understand what structural properties allow for iron and carbon dioxide resistance or 

susceptibility. However, this study overall suggests that a new complementary treatment (that 

slows down venom toxins) could be beneficial in conjunction with conventional antivenom.  

 

      D. Natural Animal Venom Resistance  

There are several animals in the world that possess an innate level of venom tolerance to some of 

the most dangerous snakes in the world. Many animals eat venomous snakes for example, 

roadrunners, mongoose and even the honey badger. In a 2016 study, Claire F. Komives et al. 

explored the North American Opossum (Didelphis virginiana) and the animal’s able to survive 

the bite of the Western Diamondback Rattlesnake (Crotalus atrox). Researchers purified proteins 

from the serum of opossum species and found that these proteins neutralized several toxic 

components of cytotoxic snake venoms (Komives et al., 2017). Specifically, this study found that 

the N-terminus of several of opossum serum proteins were highly conserved and called Lethal 

Toxin Neutralizing Factor (LTNF) (Komives et al., 2017).  

In a 2000 journal, B. Lipps demonstrated the ability to synthesize a short peptide composed of 

first 10–15 amino acids of one of the LTNF. Komives et al. used these finding to test synthesized 

LTNF peptides in mice. The authors found that pre-treated in mice completely neutralize 

rattlesnake venom when a lethal dose was then injected (Komives et al., 2017). This study is one 

of the first experiments that explored a potential therapy derived from animal proteins targeting 

cytotoxic envenomations. 

IV: Conclusion 

Through this literary research, the immunology, history and current process for viper antivenom 

were explored. These studies show that there is a global need to supply cheaper and more 

effective treatments. Although recent technological advancements are being utilized to develop 

new forms of antivenom production, the complex nature of venom poses a difficult challenge. 

Overall, four potential avenues for antivenom (genetic immunization, artificial biomolecules, 

VIPER institution and natural animal venom resistance) were investigated and hypothesized to 

continue developing as more research on venom properties are collected.  
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Appendix A - Community Outreach 

 

For the community outreach portion of my thesis, I decided to design and present an antivenom 

brochure at the Science City Festival March 7, 2018. My goal for this community interaction was 

to spark interest in understanding the physiology behind snake antivenom and bring awareness 

about rattlesnake bite treatment. In this appendix, I will be discussing the contents of my 

brochure, experience at the event and summary of what I learned.  

 

In my brochure, I wanted to provide brief background on the physiology of a snake bite and how 

the animal immunoglobulin, IgG, is used in antivenom (Figure 19). Although I was not able to 

print the brochures in color, I was so pleased with how it turned out. It was important for me to 

educate the public on what they should do if they are ever bitten by a rattlesnake. My dog was 

bitten by one a few years ago and I think it is a common situation that many Tucsonans can 

relate to and learn from.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I was stationed at the Physiology table in Science City. It was an ideal location and all the 

families who came to listen to me speak were all very interested in learning basic anatomy and 

physiology. However, in retrospect, I wish I also brought a 3D visual component to help engage 

visitors. I underestimated the amount of young children who would stop by my table and 

utilizing interactive props would have fostered more engagement. I discovered that many people 

were unsure how to handle a snake bite/encounter and I was able to debunk common myths (for 

example, placing a tourniquet around the bite site is much more damaging than beneficial) 

(Figure 17). 

 

Overall, through this experience I was able to talk to people in my community and have a fun 

time sharing my research on antivenom. It was a rewarding surprise to meet people eager to learn 

more about rattlesnakes and share their personal encounters with me. In the future, I hope to 

continue this casual discussion about rattlesnakes and bring awareness about aftercare for 

humans and their pets.  
 

 

Figure 17: Talking to a local about 
myths for snakebite aftercare 

Figure 18: A photo of me handling 
out brochures  
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Figure 19: The cover and inside of my brochure. It is full of fun facts about snakes and provides steps/information on 

where to get snake bite treatment 
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Appendix B- Poster Presentation  

 

Although I was unable to attend the Honors poster presentation event, I still created a poster 

compiling the research I found. Through this poster design, I was able to highlight the important 

information I gathered and reinforce my direction on how to finish my thesis.  

 

Since my thesis is a literary review, I focused my poster discussion on the history of antivenom, 

current research and overall problems surrounding antivenom distribution. I discovered that even 

though the production of antivenom dates backs to over 120 years ago, there has been little effort 

to refine the process. This minimal effort for development is due to lack of knowledge on how 

venom enzymes affect the body and poor global surveying of how many different snake species 

inhabit the world.  

 

My main message for this poster was to suggest that recent technological advancements have 

encouraged researchers to create new methods for antivenom production. I predict that as the 

public realizes that there is a shortage of life-saving antivenom and the expensive treatment cost, 

there will be a greater medical drive to find cheaper and more effective alternatives.  
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Figure 20: Poster design for my thesis 


