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1. Antivenom-Antidotes 

 

The Efficacy of Early Fab Antivenom versus Placebo Plus Optional Rescue Therapy on 

Recovery from Copperhead Snake Envenomation  

 

Charles J. Gerardo and Eric J. Lavonas on behalf of the Copperhead Snakebite Recovery 

Outcome Group* 

charles.gerardo@duke.edu  

 

Background: Copperhead envenomation accounts for >40% of the approximately 9000 snake 

envenomation patients treated annually in the United States. Although copperhead envenomation 

rarely produces shock, medically significant bleeding or death, local tissue injury can be 

significant. Previous studies have shown limb dysfunction lasting several weeks in most of 

patients, and at least a year in some copperhead victims. Whether early antivenom administration 

improves the severity or duration of this limb dysfunction is not known.  

Objective: To compare the recovery of copperhead envenomated patients treated with 

antivenom to those receiving placebo, with rescue therapy available for patients who develop 

severe envenomation.  

Methods:  We conducted a multi-center, double-blind, placebo controlled study of treatment 

with Fab antivenom (Crotalidae Polyvalent Immune Fab® (ovine origin), BTG, West 

Conshohocken, PA) (FabAV) versus placebo for mild and moderate copperhead envenomated 

patients. Patients ≥12 years old and presenting within 24 hours were randomized 2:1 to receive 6 

vials of FabAV or placebo, repeated once if necessary to achieve initial control. Standard 

maintenance dosing (2 vials of FabAV or placebo every 6 hours for 3 doses) was then 

administered. Assessments were performed at discharge and on day 3, 7, 10, 14, 17, 21, 24, and 

28. Subjects who had not fully recovered were followed by telephone 2, 3, and 4 months after 

therapy. The primary study outcome was the patient-specific functional scale (PSFS) measured 

14 days after enrollment/treatment. Secondary outcomes included the PSFS at other time points, 

limb-specific functional scales (DASH and LEFS), objective functional measures (grip strength, 

walking speed), quality of life (PROMIS PF-10), pain, and analgesic use.    Treatment-emergent 

adverse events (TEAEs) and need for open-label rescue therapy were systematically recorded.  

Results: Seventy-four patients were treated (45 FabAV, 29 placebo). Mean age was 43 years; 8 

subjects (11%) were adolescents. Fifty-three percent were male and 62% had lower extremity 

envenomation. Eighty-eight percent had mild initial swelling. At envenomation +14 days, the 
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least square mean PSFS score was 8.6 for FabAV-treated subjects and 7.4 for placebo recipients 

(difference: +1.18; 95% CI: 0.08, 2.28; p = 0.036). Secondary assessments broadly favored 

FabAV. More FabAV-treated subjects experienced TEAEs (56% vs 28%), but few were serious 

(1 in each group).  

Conclusion. Administration of antivenom in copperhead envenomated patients improves limb 

function at 14 days post envenomation. 

Funding Support: BTG International Inc. 

*Members of the Copperhead Snakebite Recovery Outcome Group include: BTG International, 

Inc. (West Conshohocken, PA); Denver Health and Hospital Authority – Rocky Mountain Poison 

and Drug Center (Denver, CO): Victoria E. Anderson,  Stephanie M. Gillman, Eric J. Lavonas; 

Duke University (Durham, NC): Charles J. Gerardo; East Carolina University/Vidant Medical 

Center (Greenville, NC): Eric A. Toschlog, Sean P. Bush; Georgia Regents University (Augusta, 

GA): Richard Schwartz; Lehigh Valley Health Network (Allentown, PA): Robert Cannon; 

Marshall Health (Huntington, WV): David Denning; Medical University of South Carolina 

(Charleston, SC): Thomas Pollehn, Nicolas Connors; Palmetto Health Richland (Columbia, SC): 

William Richardson; Scott and White Memorial Hospital (Temple, TX): Andrew Juergens; St. 

Joseph Regional Health Center (Bryan, TX): Brandon J. Lewis; Texas Children’s Hospital, Ben 

Taub General Hospital (Houston, TX): Spencer Greene; University of Kansas Hospital (Kansas 

City, KS): Stephen Thornton; University of North Carolina (Chapel Hill, NC): Eugenia 

Quackenbush; University of Pittsburgh Medical Center (Pittsburgh, PA): Anthony Pizon; 

University of Texas – Southwestern (Dallas, TX): Kapil Sharma, Kurt Kleinschmidt; University 

of Virginia Health System (Charlottesville, VA): Nathan P. Charlton; Virginia Commonwealth 

University (Richmond, VA): S. Rutherfoord Rose; Washington University (St. Louis, MO): 

Michael E. Mullins 

 

 

Antagonism of in vitro and in vivo Activities of Apis mellifera Venom by Antiapilic Serum  

 

Jhonatha M. Teixeira-Cruz1, Marcos Monteiro-Machado1, Bruno L. Cons1, J. Martins-

Ferreira1,Luis Eduardo R. da Cunha2, Benedito Barraviera3, Rui S. Ferreira-Junior3,Marcelo A. 

Strauch2, Luis E. M. Quintas1, Paulo A. Melo1 

  
1UFRJ - Programa de Farmacologia e Química Medicinal, ICB – CCS, Rio de Janeiro/RJ, Brazil 
2Instituto Vital Brasil, Niterói, RJ,Brazil 3UNESP - Centro de Estudos de Venenos e Animais 

Peçonehentos – CEVAP, Botucatu/SP, Brazil  

melo.pa@gmail.com  

 

Introduction: The attack by honey bee is a public health problem in Brazil, and this problem is 

related to the emergence and spread of Africanized bees in the American Continent. The bee 

stings are responsible for local and the systemic damages and clinical manifestations. So far, 

only symptomatic treatment and life support are offered to the patients. The investigation of 

mechanisms of cytotoxicity of Apis mellifera venom and its components, as well as the 

development of antagonistic substances such specific antivenom is relevant. Objective: Our goal 

was to perform a preclinical evaluation of efficacy of a newly-developed antiapilic serum on 

experimental models in vitro and in vivo effects of A. mellifera venom.  

mailto:melo.pa@gmail.com


Methods: Swiss mice were used (20-25 g) according to the IACUC guidelines for animals 

Research. Lethality was assessed in mice that received intraperitoneal injection of crude venom 

(5.0-15.0 µg/g) before or after intravenous injection of antiapilic serum (5.0 µL/g) that were 

quantified after 24 h. Blood samples were collected 2 h after the treatment protocols to evaluated 

the hematocrit and myotoxicity by perform the measured of the plasma creatine kinase (CK) 

activity after the perimuscular venom injection. Phospholipase and hyaluronidase activity were 

evaluated in vitro by decreasing the turbidity of a hen's egg yolk solution and a hyaluronic acid 

solution as substrate, respectively. Data are expressed as mean ± standard error, with ANOVA 

followed by Bonferroni post-test for statistical analysis; p <0.05 was considered statistically 

different.  

Results: A. mellifera venom decreased almost 90% the survival mice with the 10.0 µg/g of 

venom, the serum partially inhibited mortality of 50%, (n=6). Venom (1.0 µg/g) increased the 

hematocrit from 43.1 ± 0.5% to 51.2 ± 0.9% (n=6)   and the anti-apilic serum treatment (1.0 

µL/g), partially neutralized the venom effect (47.5 ± 0.6%, p<0.05). Different doses injection of 

bee venom (0.3-1.0 µg/g) increased plasma CK activity to 2256.1 ± 225.2 U/L, (n=6) by that 

were partially inhibited by the serum at doses of 0.5 µL/g (1698.8 ± 45.4 U/L, n=6), p<0.05) and 

1.0 µL/g (1110.0 ± 33.3 U/L,n=6), p<0.05). In vitro venom phospholipase and hyaluronidase 

activities (1.0-3.0 µg/mL) were also almost abolished at antipilic serum ((1.0-3.0 µL/ µg, n=8). 

Conclusion:  We observed that the antipilic serum was able to reduce partially, several Apis 

mellifera venom effects, both in vitro and in vivo, being a promising antagonistic agent for bee 

sting poisoning. 

Financial support: Instituto Vital Brasil, CNPq, CAPES and FAPERJ 

 

 

A Polyspecific Antivenom for Sri Lanka: First to Include Hypnale  

 

Dan E. Keyler1,2, Indika Gawarammana3, Mauren Villalta4, Guillermo León4, Kolitha H. 

Sellahewa5, Kim McWhorter1,  Roy Malleappah1, Scott A. Weinstein6, José María Gutiérrez4 
 

1Animal Venom Research International (AVRI), California, USA; 2Department of Experimental 

and Clinical Pharmacology, University of Minnesota, USA; 3Department of Medicine and South 

Asian Clinical Toxicology Research Collaboration, University of Peradeniya, Sri Lanka; 
4Instituto Clodomiro Picado, Facultad de Microbiología, Universidad de Costa Rica, San José, 

Costa Rica; 5South Asian Institute of Technology and Medicine, Sri Lanka; 6Women’s and 

Children’s Hospital, Adelaide, Australia6 

keyle001@umn.edu  

 

Introduction: Snakebite envenoming is a significant medical problem in Sri Lanka, with an 

estimated 40,000 hospital admissions annually. Despite the magnitude of this problem, there is 

no antivenom that has been developed derived from the venom of Sri Lankan snakes. Moreover, 

there is no antivenom specific for Hypnale spp. (H. hypnale, H. nepa, H. zara), viperid species 

reported to account for 22-77% of snakebite patients in the country. Hypnale species, commonly 

called Merrem’s hump-nosed pit viper, or kunakatuwa (Sinhala), are ubiquitous in distribution, 

being prevalent in tea, rubber, coconut plantations, and home gardens. Envenomation is rarely 

fatal, but significant morbidity is frequent. Hematological, nephrotoxic, and cerebral infarction 

have been reported. Venom analyses reported for all three Hypnale species have shown varying 
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degrees of procoagulant activity, potent cytotoxic effects, and myotoxic, neurotoxic, and 

phospholipase A2 activities. Recent in vivo research in Sri Lanka has provided preliminary data 

suggesting potential Hypnale species-specific venom differences that influence the severity of 

clinical manifestations in envenomated patients. Para-specific protection against Hypnale 

venom-induced coagulopathic effects and lethality in animals by Malayan pit viper 

(Calloselasma rhodostoma) antivenom suggests the presence of similar venom antigens in the 

different genera; however, clinical efficacy in envenomated patients is unproven.  

Methods: A partnership to develop a Sri Lanka antivenom has involved academic groups 

(University of Peradeniya and Instituto Clodomiro Picado, University of Costa Rica), a non-

profit public charity from the USA (Animal Venom Research International-AVRI), and a public 

antivenom manufacturer (Instituto Clodomiro Picado (ICP), University of Costa Rica). A basic 

toxicological characterization of Sri Lanka snake venoms has been performed using conventional 

laboratory assays at ICP. In parallel, horses have been immunized with the venoms of Daboia 

russelli, Echis carinatus, Hypnale hypnale and Naja naja, and a pilot batch of antivenom has 

been produced, which has been evaluated for its preclinical efficacy against these venoms.  

Results: This antivenom compares favorably with the currently used Indian antivenom; 

however, there is no comparison that can be made for Hypnale. A research clinical trial is to be 

conducted in 2016 in Sri Lanka which will involve a non-placebo treatment arm for Hypnale to 

evaluate antivenom safety and efficacy.  

Key Words: Antivenom, Hypnale, Sri Lanka 

 

 

Florida Antivenin Bank to Miami Dade Venom Response Bureau: The History of a Unique 

Anti-venom Bank and Venom Response Team  

 

Charles R. Seifert1, Benjamin N. Abo1,2,4, Jeffrey Bernstein3,4.  

 
1Miami Dade Fire Rescue, Miami, FL USA; 2Mount Sinai Medical Center of Miami, Dept of 

Emergency Medicine, Miami Beach, FL USA; 3Miami Poison Control Center, Miami, FL USA; 
4Jackson Memorial Hospital, Dept of Emergency Medicine, Miami, FL USA.  

benabo@gmail.com  

 

Background: Florida is home to a number of venomous indigenous snakes, as well as a plethora 

of various exotic snakes kept both legally and illegally by various types of handlers. In 1993, the 

Florida antivenin bank was started by a group of central Floridians with money donated from a 

local reptile expo. With the realization that most of the members that needed the treatments could 

not afford to restock what was used as initially planned, Al Cruz developed another plan and 

opened a second depot with Miami Dade Fire Rescue.  

Methods: When a hospital needs specific anti-venom, they call the unit.  

Results: This program has proven to be very successful. Furthermore, Miami Dade Fire 

Rescue’s resources enabled more efficient transportation and now has gone from being a local 

program to a nationwide facilitator. What once was non-existent and having no full time staff, 

now has five people, 46 different anti-venoms, and facilitate about 1,800 calls per year. 

Key Words:  antivenom, venom unit, EMS, response 
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Varespladib (LY315920) Appears to be a Very Potent, Broad-Spectrum, Inhibitor of Snake 

Venom PLA2s from Six Continents 

 

Matthew R. Lewin1,2, Stephen P. Samuel3, Janie Merkel4, Philip Bickler5 

 
1California Academy of Sciences, Center for Exploration and Travel Health, San Francisco, CA, 

USA;  2Ophirex, Inc., Corte Madera, CA, USA; 3National Health Service, Dept. of Medicine, 

King's Lynn, UK;  4Yale Center for Molecular Discovery, West Haven, CT, USA;  5University of 

California, San Francisco, Dept. of Anesthesia, San Francisco, CA, USA 

matt@ophirex.com  

 

Background: Identification of small molecule, agnostic, inhibitors of snake venom have been 

elusive. Herein we report a broad-spectrum, high-potency snake venom sPLA2 inhibitor that 

could be repurposed for use alone or in combination with other agents as first-line treatment for 

snakebite.   

Methods:  Dose-response curves (DRC) were generated at 60 minutes by measuring reactivity 

of crude snake venom ± LY315920 with the 1,2-dithio analog of diheptanoyl 

phosphatidylcholine and measuring absorbance at 405nm for 28 medically important venoms 

from six continents (15 vipers, 13 elapids). Animals: Lethal doses of venom from  V. berus 

(mice) and  M. fulvius  (rats) were administered to subcutaneously mice or rats followed by IV 

LY315920 or carrier (control) and survival at 24 hours noted. sPLA2 activity was monitored for 

4 hours by sampling blood from the rat jugular veins.   

Results:   DRCs: IC50s for sPLA2 in 28 venoms averaged 0.8nM ± 1nM (R20.96 ± 0.04) while 

bee venom control IC50  for LY315920 averaged ~13.25μM. Animals: 5/5 CD-1 mice injected 

with 4mg/kg  V. berus  venom died within 8 hours while 5/5 (100%) of mice treated with IV 

LY315920 8mg/kg 1 minute following venom administration survived 24 hours. Similarly, 0/6 

Sprague-Dawley rats given either 4 or 8mg/kg  M. fulvius  venom survived more than 8 hours 

and12 of 12 (100%) of rats treated with 8mg/kg LY315920 at either 1 minute or 5 minutes post 

venom administration survived 24 hours. Gross hemolysis was observed in all control serum 

samples, while there was little or no such hemolysis observed in animals treated with LY315920. 

sPLA2 levels measured at baseline, 30, 60 and 240minutes were significantly lower in treated 

animals than controls and only mildly elevated compared to baseline at 4 hours.  

Discussion: LY315920, a potent inhibitor of mammalian sPLA2 is surprisingly potent against 

snake venom enzymatic sPLA2s, but not bee venom--and is far more potent against snake venom 

sPLA2 than reported in mammals. LY315920 and its orally bioavailable pro-drug, LY333013, 

have been extensively tested in clinical trials for other indications and are generally considered 

safe at doses likely to be effective against snake venom PLA2 in the setting of snakebite. The 

safety record, broad-spectrum inhibitory activity and apparent survival advantage in our pilot 

animal studies suggest that small molecule antidotes for the initial field treatment of snakebite 

are plausible and could be developed and deployed in an economically efficient manner.  

Conclusion: Programmatic attention to development of inhibitor-based approaches to 

envenomation is warranted 

Key Words: LY315920, varespladib, PLA2 
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Universal Antivenom Based on Red Blood Cell Mimicking Nanosponges 

 

Weiwei Gao*, Cody Carpenter, Huricha Baigude, Winnie Zhu 

 

Arytha Biosciences, LLC, San Diego, CA 92121 

wgao@arythabio.com  

 

Background: Envenomation by venomous snakes causes serious threats to both warfighters and 

civilians.  The large diversity of venom structures makes it extremely difficult to develop broadly 

applicable antivenom solutions based on conventional structure-specific neutralization 

mechanisms. To address this challenge,  

Methods: Arytha Biosciences is developing an action mechanism-targeted detoxification 

platform using cell-mimicking nanoparticles (denoted as “nanosponges”), consisting of 

polymeric nanoparticles cloaked by natural red blood cell (RBC) membrane. The presentation is 

to report our latest progress in evaluating the capability of the nanosponges in neutralizing the 

toxicity of crude venoms from four venomous snakes including Crotalus atrox (rattlesnake), 

Vipera russelli (viper), Naja atra (cobra), and Naja kaouthia (cobra).  

Results: These venoms were shown to interact and bind with nanosponges at varying binding 

capacities. When tested on four different human cell types, including U937 human macrophages, 

HL60 human neutrophil-like cells, human umbilical vein endothelial cells (HUVECs) and 

HepG2 human hepatocytes, venoms incubated with nanosponges showed significantly reduced 

cytotoxicity when compared with venoms alone. Furthermore, the hemolytic activity of the 

venoms was verified by using an RBC hemolysis assay. When incubated with nanosponges, the 

venoms showed attenuated hemolytic activity in a nanosponge-dose dependent fashion.  

Discussion/Conclusions: Design and results of using nanosponge to neutralize the above 

venoms with a mouse model aimed at improving mouse survival following envenomation will 

also be reported. Together, our study shows that the nanosponges have a strong potential to be 

applied as a universal antivenom system by effectively neutralizing the membrane-damaging, 

hemolytic components found in various venomous snakes. 
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2. Basic Science 

 

“Metalloproteases in New World Scorpion Venoms Cleave Intracellular Membrane Fusion 

SNARE Proteins VAMP2 and VAMP8” 

 

Paul L. Fletcher Jr.1, Maryann D. Fletcher1, Keith R. Weninger2. 

 
1East Carolina University, Brody School of Medicine, Dept. of Microbiology and Immunology, 

Greenville, NC USA; 2North Carolina State University, Dept. of Physics, Raleigh, NC USA.  

fletcherpa@ecu.edu  

 

Background: Vesicular protein transport commands the central role for subcellular 

compartmental organization and function. Vesicle formation, transport, then subsequent fusion 

with a target membrane are the fundamental processes. Here we examine novel effects of 

cleavage of the molecular machinery of the fusion process, the SNARE (soluble N-

ethylmaleimide sensitive factor attachment protein receptor) proteins.  Cleavage of any of the 

three major SNAREs is uniquely associated with serious pathology and until now has been 

associated only with the botulinum and tetanus clostridial neurotoxins (CNT’s).  While CNT 

pathology is restricted to exocytotic neurotransmitter vesicles found only in the nervous system 

the target SNARE proteins - syntaxin, SNAP (synaptosomal-associated protein), and VAMP 

(vesicle-associated membrane protein) are found in all eukaryotic cells.  Our studies of the 

association of acute pancreatitis with accidental scorpion stings revealed unmistakable evidence 

for cleavage of SNARE proteins in the exocrine pancreas.  Initial recognition of a SNARE 

protein targeting proteolysis led us to focus both on the isolation and characterization of the 

Tityus serrulatus scorpion venom metalloprotease we named Antarease.  Next we identified the 

v-SNARE targets as VAMP2 (vesicle-associated membrane protein2), also called synaptobrevin 

and VAMP8 (endobrevin). Further determinations using recombinant v-SNARES that were 

expressed to provide the entire cytoplasmic portions facilitated the recovery of the cleavage 

products.  Characterization of the proteolytic peptides provided identification of the enzymatic 

target sites. These are: K85 R86 K87 for VAMP2 and the homologous site in VAMP8 both just 

adjacent to the vesicular membrane spanning portion.  

Discussion:  We are extending these studies here to examine additional North and South 

American scorpion venoms that are associated with clinical reports of severe consequences in 

humans. Our measurements of venom effects in excised pancreatic lobules in vitro were 

designed to determine secretory discharge. Pulse-chase measurements of incorporated 3H-

Leucine and recovery of radiolabeled secretory proteins provided evidence for activation of 

cellular secretory mechanisms by scorpion venom that parallels cholinergic and peptidergic 

stimulation of exocrine pancreatic discharge.  Dose-response assays for secretagogue activity of 

various scorpion venoms revealed different levels of potency. Parallel experiments provided 

tissue for ultrastructural examination by electron microscopy of immunolabeled tissues which 

demonstrated the disappearance of VAMP2 and VAMP8.  The result of these subcellular 

alterations by venom Antareases appears to be an aberrant redirection of pancreatic exocrine 

discharge into interstitial spaces instead of the acinar duct lumen.  

Conclusions: These findings demonstrate the basis for onset of acute pancreatitis as a result of 

accidental scorpion stings in humans. 
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Bothropstoxin-I (BTHTX-I) And Polylysine Can Potentiate Bothropstoxin-ii (BTHTX ii) 

Activity and They are Antagonized by Fusosylated Chondroitin Sulfate 
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A. Strauch1; Paulo Antonio De Souza Mourão2 ,Paulo A. Melo1  
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Rio de Janeiro/RJ, Brazil   

melo.pa@gmail.com  

  

Introduction: Snakebites by Bothrops jararacussu (BJU) induces intense local tissue damage 

and there is no effective therapy against myotoxicity. Phospholipases A2 are enzymes present in 

the venom which are responsible for a wide range of activities.  Bothropstoxin-I (BthTX-I) and 

Bothropstoxin-II (BthTX-II) have different activities, being the first enzymatically inactive and 

the second active in promote phospholipids hydrolysis. Thus, it is believed that BthTX-I induces 

myotoxicity due to a positive charge profile that disrupt cell membranes; and BthTX-II induces 

myotoxicity by phospholip hydrolysis. Some authors have demonstrated the potentiation of 

brothropstoxins together, in vivo and ex vivo.  We assessed the ability of BthTX-I potentiate 

BthTX-II in vitro and its inhibition by a polyanion, named fucosylated chondroitin sulfate 

(fucCS) 

Methods and Results: In vitro phospholipase assay was performed by measuring the PLA2 

activity in a turbidimetric method in an ELISA microplate. The exposition  of  BthTX-I  to  a  

PLA2  substrate  solution  did  not  show any  activity  showing  that this toxin  cannot promote  

hydrolysis,  whereas  BthTX-II do it well. When exposed simultaneously it was observed that 

this PLA2 activity was greater, showing that BthTX-I, although unable to promote hydrolysis, 

potentiate the BTHTX-II ability. The same experiment was perfomed using polylysine instead 

BthTX-I, and a similar result was found. We speculate that positives charges can potentiate 

BthTX-II phospholipase activity.  Then,  we  challenge  both toxins to  fucCS, and  observed  

that this polyanion is also capable to inhibit BthTX-II phospholipasic activity in presence of 

BthTX-I.  

Conclusion: Even in vitro BthTX-I can potentiate BthTX-II phospholipase activity in a 

concentration dependent manner. Thus, it is essential neutralizes both toxins to obtain an optimal 

inhibition of their pharmacological properties. 
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Phospholipase D Toxins from Spiders, Bacteria, and Fungi Generate Cyclic Phosphate 

Products 

 

Daniel M. Lajoie1, Pamela A. Zobel-Thropp2, Jared L. Delahaye2, Sue A. Roberts1, Vahe 

Bandarian1, Greta J. Binford2, Matthew H.J. Cordes1.  

 
1Department of Chemistry and Biochemistry, University of Arizona, Tucson, AZ, USA; 
2Department of Biology, Lewis and Clark College, Portland, OR, USA.  
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Background:  Phospholipase D (PLD) toxins from sicariid spiders can induce necrosis in 

mammalian tissue and even death in victims of envenomation.  These conditions are called 

loxoscelism.  PLD toxins have also been identified in bacterial and fungal species known to be 

pathogenic.  Purified PLD toxins can induce a disease state in animal models, but the mechanism 

of action is still unknown.  It has been postulated that PLD toxins are hydrolytic enzymes that 

release choline from the mammalian phospholipids sphingomyelin (SM) and 

lysophosphatidylcholine (LPC), generating monoester-phosphate products in the 

process.  However, monoester phosphates occur endogenously in mammalian tissue and are not 

known to be toxic.  

Methods:  Phylogenetically diverse PLD toxins from pathogenic bacteria, fungi, and sicariid 

spiders were heterologously expressed and purified. 31P NMR and tandem MS spectroscopy 

were used to directly visualize substrate-to-product conversion of phospholipids by the PLD 

toxins.  X-ray crystallography was utilized to structurally characterize a novel spider PLD 

enzyme.   

Results and Discussion:  We observed that the PLD enzyme toxins from sicariid spiders do not 

yield the suspected monoester product by a hydrolysis reaction, but instead exclusively catalyze 

substrate turnover to a cyclic phospholipid product via a transphosphatidylation reaction.  This is 

the first published result that definitively identifies the phospholipid products generated by these 

medically important enzymes.  Encouraged, we investigated if PLD toxins from pathogenic 

species of bacteria and fungi also catalyze the same reaction.  We find that these distantly related 

PLD toxins also exclusively generate cyclic phosphate products in our assay.  Our assay also 

allows us to investigate substrate specificity and we report that PLD toxins with known toxicity 

generally have a preference for choline-containing phospholipids.  However, we have found a 

unique PLD toxin from a Sicarius spider species that demonstrates a strong preference for 

ethanolamine-containing phospholipids, which are commonly found in insect prey.  To study the 

basis of substrate specificity, we solved this enzyme’s structure and compared it to previously 

published PLD toxin structures of known choline preference.  Our findings suggest that substrate 

discrimination is most likely not a result of active site interactions.  

Conclusion:  The shared enzymatic activity of PLD toxins from spiders, fungi and bacteria 

suggests that this toxin family arose from a common ancestor and that cyclic phospholipid 

products are important for pathogenicity in host organisms.  Further research is needed by the 

medical community to understand how and whether cyclic phosphates contribute to loxoscelism 

and other diseases associated with PLD toxin contamination.  

Key Words: Loxoscelism, Phospholipase D, Sphingomyelinase D.  
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3. Clinical Toxinology 

 

Taking Up Serpents: Religious Snake Handling in the United States 

 

Kristen Wiley, James R. Harrison. 

 

Kentucky Reptile Zoo, Slade, KY, USA. 

reptilezoo@bellsouth.net  

 

Background: Religious snake handling has existed in the US since the early 1900s. The most 

common snakes used in snake-handling ceremonies are Crotalus horridus, Agkistrodon 

contortrix, and occasionally Agkistrodon piscivorus.  

Methods: Case review of a fatality to a religious snake handler in Kentucky. Snakes obtained 

though law enforcement action from churches in Kentucky were extracted from within 24 hours 

of seizure. Snakes that were not viable from seizures in Kentucky and Tennessee were presented 

for necropsy.  

Discussion: There is no mystery involved in religious snake handling and the corresponding low 

numbers of bites and fatalities. An example of a fatality that did occur shows a ‘perfect storm’ of 

circumstances that contributed to death. Snakes used in church services are frequently deprived 

of proper care, including being kept with no water, held in overcrowded boxes, and left to sit in 

feces and urates for long periods of time. Snakes that are stressed and dehydrated quickly fall 

prey to infections of various types. When these snakes are then used in handling services, they 

are unlikely to bite and can be incapable of injecting a large quantity of venom. Additionally, the 

handling methods used in church services are disorienting and stressful to the snakes, making it 

difficult for them to strike effectively.  

Conclusion: Scientists who work with pitvipers should be aware of the abuse these animals 

endure when being kept for the purpose of religious services. Physicians who may encounter 

handlers as patients may be faced with complications due to delay of seeking treatment and 

resistance from family and church members.  

Key Words: religious snake handling, pentecostal, Crotalus, Agkistrodon, snakebite fatality, 

animal abuse 

 

 

First Reported Case of Deinagkistrodon acutus Envenomation in United States. A Case 

Report of Venom Unit Interstate Response and Care 
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Background: The Deinagkistrodon acutus, also known as the sharp-nosed viper or Chinese 

Moccasin or hundred pacer, is a monotypic pit viper that primarily inhabits northern Vietnam, 
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southern China, Hainan, and Taiwan that is found mostly in rocky, wooded hilly country. Large 

individuals of this snake are known to be deadly to humans. 

Case Report: This case involved a nine-year old almost four-foot specimen. Two specific anti-

venoms are produced for this snake, both in China. This report presents the first known 

envenomation by this exotic snake in the United States and one that was successfully treated in 

Louisiana by teamwork from the poison control center and Miami Dade Fire Rescue Venom 

Unit.  

Key Words:  exotic snake, exotics, EMS 
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Background: North American pit viper bites are common in parts of the United States. 

However, with the increasing popularity of exotic snakes as pets, hospitals may need to treat an 

exotic snakebite. We report the case of a patient bitten by a Brazilian lancehead viper (Bothrops 

moojeni) who presented to a Nebraska emergency department. While this species may be 

common in South America, it is not native to the United States and usually is only kept by zoos 

or hobbyists. There are a large number of hobbyists keeping this species in Florida, Texas and 

Missouri.  

Discussion: Detrimental effects of envenomation by B. moojeni can include tissue damage, 

bleeding abnormalities, shock, and acute kidney injury. Because defibrinogenation and 

thrombocytopenia are often present in viper envenomations, it is important to follow fibrinogen 

levels and platelet counts. Thromboelastometry has become a sensitive and specific way to 

monitor coagulopathy in trauma patients. The Thromboelastometry (ROTEM®) that coincide 

with this patient’s antivenom treatments are also presented. At the time of this presentation, the 

only FDA-approved and commercially available antivenom for pit viper envenomation in the US 

was Crotalidae Polyvalent Immune Fab (Ovine) antivenom [CroFab®]; however, there is limited 

experience using this antivenom for Bothrops species. Alternative antivenoms, such as 

Crotalinae equine immune F(ab’)2, have been developed against the venom of a Bothrops 

species; however, these are only available as an Investigational New Drug or through zoos that 

maintain these species.  

Conclusions: Optimal care of a patient with an exotic envenomation such as this requires expert 

level clinical judgment and collaboration between hospitals, poison centers and sometimes zoos.  

Keywords: envenomation, snake, venom 
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Background: Several factors have been postulated to contribute to the clinical severity of a 

venomous snake bite. These include factors related to the snake, such as its size (related to the 

amount of venom injected) and its species (related to venom composition and toxicity) and 

factors related to the human victim, such as patent mass, the anatomical location of the bite, 

presence of clothing, and delay to treatment. Treatment methods are also important to overall 

bite severity. Some controversy surrounds Crotalidae Polyvalent Immune Fab (Ovine, CroFab®) 

with some doubting its effectiveness for certain Southern California rattlesnake taxa, particularly 

the Southern Pacific Rattlesnake (Crotalus oreganus helleri). The purpose of this study was to 

clarify the factors that affect clinical severity in southern California and to assess the 

effectiveness of Crofab® for southern California taxa.  

Methods: We retrospectively reviewed 354 cases of venomous snakebite admitted to Loma 

Linda University Medical Center (LLUMC) between 1990 and 2010. We assessed four measures 

of snakebite severity: initial snakebite severity scores (iSSS) prior to administration of antivenom 

and at maximum severity (mSSS), vials of antivenom administered, and duration of 

hospitalization. We compared snakebite severity against snake size, patient mass, patent age, 

snake species, anatomical location of the bite, if the bite was provoked or not, and time to 

hospitalization. 

Results: Of the cases reviewed, 80.5% were male, 69.2% of bites were to an upper limb, and 

88.0% were distal to the wrist or ankle. Of 308 cases where a determination could be made, 

45.8% were illegitimate (provoked bites), and 18.0% involved alcohol or illegal drugs. Snakebite 

severity was positively associated with snake size, negatively associated with patient mass, and 

independent of patient age, snake taxon, anatomical location of bite, legitimate versus 

illegitimate (provoked) bites, and time until hospital admission. We found the clinical 

effectiveness of CroFab to be similar for all taxa. 

Discussion: Our results are consistent with other studies that show that larger snakes generally 

cause more severe bites. Despite concerns, we found that CroFab is effective in treating 

envenomations from all southern California rattlesnake taxa. Unlike other studies, our results 

suggest that smaller patients tend to suffer more severe envenomations. Somewhat surprisingly, 

we found no relationship between snakebite severity and snake taxa or time until hospital 

admission. 

Conclusion: Envenomations delivered by larger snakes to smaller patients tend to be more 

severe and CroFab is efficacious against all southern California rattlesnake venoms. 
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Introduction:  Confirmed Crotalus atrox envenomation, causing significant recurrent 

coagulopathy which posed a treatment challenge.   

Methods:  Recurrent coagulopathy managed with a continuous intravenous infusion of 

CroFab®, as described by Sean P. Bush et al in Toxicon. 

Discussion:   48 year old Hispanic male with past medical history of hypertension, diabetes 

mellitus type 2, who presented to the ER with a bite to the right lower extremity by a very large 

Western Diamondback Rattlesnake.  The patient’s hospital course was remarkable for early 

coagulopathy, which responded to CroFab® administration during the initial visit.  Patient was 

admitted to ICU and received a full course of CroFab® (12 vials).  Patient was discharged from 

the hospital six days later and subsequently readmitted 72 hours after discharge with 

reoccurrence of coagulopathy, which consisted primarily of a severe thrombocytopenia.  After 

consultation with toxicologist, the recommendation was made for continuous intravenous 

infusion of CroFab®, which corrected the thrombocytopenia very quickly.  Patient had no 

bleeding complications and was discharged without any further coagulopathy.    

Conclusion:  The use of continuous intravenous infusion FabAV (CroFab®), is an effective 

modality for the treatment of recurrent coagulopathy. 

Key Words: CroFab®, FabAV, Continuous IV infusion, Coagulopathy 
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Background:  The Eastern Coral Snake (Micrurus fulvius fulvius) and the Texas coral snake (M. 

fulvius tener) account for roughly 100 snakebites a year.  Antivenom (M. fulvius) (Equine 

Origin), the only antivenom licensed in the U.S. for coral snake bites is no longer manufactured 

by Wyeth Pharmaceuticals.  The expiration date for Lot 4030026 was 10/31/2008 and has been 

extended multiple times. Not FDA approved and therefore not readily available are, Anticoral 

(Inst. Clodomiro Pocado, Costa Rica) and Coralmyn® (Inst. Bioclon, Mexico) have offered 

promising results in counteracting effects of M. fulvius venom in rodents.  Prior to coral snake 
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antivenom, the death rate was approximately 10% due to cardiovascular and/or respiratory 

failure. 

Case Report:  A 44 year old Caucasian male, picked up what appeared to be a Scarlet 

Kingsnake to show his son.  Unfortunately, this Kingsnake was being ingested by a large Coral 

Snake which promptly regurgitated its meal and bit him on the finger.  Patient presented to the 

Emergency Department after a bite from Micrurus fulvius tener.  The physical exam showed a 

single fang mark on the patient’s right index finger.  The patient eventually developed early 

descending paralysis with ptosis and dysphonia.  He was given 3 vials of Coralmyn® that was 

obtained from a local zoo through the assistance of Poison Control.  The patient fully recovered 

and was discharged 36 hours after admission.  No respiratory compromise was noted throughout 

the hospital course.  We believe that the early use of Coralmyn® contributed to the favorable 

outcome of this patient.  Furthermore, we advocate the use of this antivenom for the simple 

reason that it appears to be effective.  Additionally, Coralmyn® is a fab product and therefore 

offers a greater advantage by being less likely to provoke significant hypersensitivity 

complications. 

Discussion:  Prompt administration of antivenom is critical for the prevention of further 

neurological deterioration and respiratory arrest.  

Conclusion:  The shortage of Coral Snake antivenom has been a problem in the U.S., making it 

necessary to use alternate products. The following antivenoms have been shown to be effective 

in animal studies:  Mexican coral snake antivenom (Coralmyn®), Tiger Snake Antivenom 

(produced in Australia by CSL, LTD), and Anticoral antivenom (produced by Instituto 

Clodomiro Picado, Costa Rica).  These products can be made available with the assistance of 

Poison Control.   

Keywords: Coral, Coral snake, antivenom  
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Background: Cobra Venom Factor (CVF) is a unique venom component in the venoms of 

cobras and other Elapid snakes.  It is highly homologous to complement component C3, but 

resistant to the physiological control mechanisms that restrict complement activation to a target.  

Accordingly, CVF leads to massive complement activation at the site of envenomation, causing 

release of anaphylatoxins which enable faster entry of toxins into the blood stream.  Complement 

is also part of the pathogenesis of many diseases.  Pharmacological inhibition of complement is 

therefore a desired goal.  

Methods: We studied the structural differences between C3 and CVF in order to develop a 

human C3 derivative with the CVF-like activity of continuously activating complement, leading 

to complement depletion.  A chimeric protein was generated in which the 168 C-terminal amino 

acids of human C3 had been replaced with the homologous amino acids from CVF, referred to as 

humanized CVF (hCVF). We studied hCVF in multiple preclinical models of complement-

mediated diseases for therapeutic efficacy, toxicity, and immunogenicity.  

Results: Beneficial therapeutic effects of complement depletion by hCVF was observed in 

myocardial and intestinal ischemia reperfusion injury, age-related macular degeneration (AMD), 

ventilator-induced lung injury, collagen-induced arthritis, myasthenia gravis, monoclonal 

antibody therapy of lymphoma, paroxysmal nocturnal hemoglobinuria (PNH), and suppression 

of an anti-Factor VIII immune response in hemophila A.  No toxic side effects were observed in 

any disease model or after intra-arterial administration to primates. Moreover, and in contrast to 

natural CVF which is highly immunogenic, no functionally relevant immune response was 

observed after repeated administration to mice.   

Discussion: Our results show that complement depletion with hCVF represents a promising 

therapeutic concept for complement-mediated diseases.  Next steps include large-scale 

production of hCVF for clinical trials.  

Conclusion: Venom components can serve as valuable lead compounds for drug development.  

Key Words:   cobra venom factor, complement, complement depletion 
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Background: The canine is an ideal translational model for evaluating pharmaceuticals owing to 

their comparative physiology to humans.   Spontaneous envenomation in dogs is a common 

occurrence in the United States, and veterinary treatment for envenomation is very similar to 

human medicine.  In addition, the range of dog sizes permits a closer match for human patient 

weights, and the spontaneous nature of snake envenomation in dogs represents a close parallel to 

real-world envenomation in humans.  As such, the dog represents a superior translational model 

for evaluating drugs, biologics, and diagnostics related to snake envenomation.   

Methods: This presentation will review (a) the comparative physiology between dogs and 

humans, (b) the recent international veterinary literature on the use of antivenoms and other 

pharmaceuticals for canine envenomation, (c) comparisons on envenomation pathophysiology 

between dogs and man, and (d) designing translational studies at veterinary clinics to advance 

drug development for veterinary and human medicine.  Results: Results of the review will be 

presented accordingly.  

Conclusions:  Given (a) the similarity between human and canine envenomation, (b) the various 

size distribution of dogs, and (c) the similar therapeutic approaches between dogs and humans, 

the dog represents the ideal species to obtain real-world information for antivenom research and 

drug development.   

Key Words:  translational research, dogs, envenomation 
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5. Epidemiology 

 

The Antivenom Index: An Online, Systematic Response to Non-Native Envenomations in the 

U.S. 

 

Steven A. Seifert 

 

UNM School of Medicine, Dept. of Emergency Medicine, and New Mexico Poison Center, 

Albuquerque, NM USA 

sseifert@salud.unm.edu 

 

Background: Venomous species, outside of their natural geographic range, can result in 

problems with identification and envenomation management. Zoos, aquariums, and other public 

and quasi-public institutions acquire, house and display non-native, venomous species, but 

private collections are the main source of non-native envenomations. Numerous and varied 

species are involved and there may be multiple impediments to proper medical management. 

Multiple elements of the healthcare system are generally un- or under-prepared for such 

unfamiliar scenarios.  

Scope of the Problem: The United States (U.S.) is the largest importer of reptiles, with an 

estimated 9% of in-home snakes being venomous. A recall survey of North American Zoos 

found 21 zoos reporting 31 staff bites over a 26 year period. In a survey of U.S. academic 

Institutions found 18 of 40 responding working with venomous animals. Those 18 institutions 

reported 42 envenomation events. Furthermore, 61% had no training protocols, 48% had no 

emergency response protocol, and 33% had made no arrangements for antivenom to be available. 

A review of poison center data between 1995 and 2011 showed that between 33 and 52 non-

native envenomations are reported to poison centers per year. Over the 16-year period of study, 

dozens of genera and at least 87 different species were involved. Seventy-three percent of 

envenomations occurred in the victim’s own residence. Bite victim demographic for gender and 

age were similar to native envenomations, with children in the home of collectors at particular 

risk. Although the number of deaths were small, the case-fatality rate was seven-fold times that 

of native snake envenomations.  

System Response: Clinicians are likely to be inexperienced in the assessment and management 

of non-native envenomations. In the U.S., federal regulations prohibit hospitals from stocking 

non-Food and Drug Administration-approved drugs, which includes all foreign antivenoms. Zoos 

have a special mechanism to obtain antivenoms for the venomous snakes in their collections. 

These antivenom stocks form the basis of our nation’s response system to non-native 

envenomation. However, geographic matching of zoo antivenoms and private collections is 

haphazard and may result in significant delays in getting species-specific antivenom to an 

envenomated private collector. Issues such as reimbursement to zoos for antivenom costs, 

logistics of antivenom transport, snake species identification, antivenom selection, as well as 

antivenom storage conditions and manufacturer-applied or other jurisdictional expiration dates, 

add other challenges.  

Antivenom Index: In 2006, an online information resource to assist in assessing and managing 

non-native envenomations was established under a U.S. federal grant. Co-sponsored by the 

American Association of Poison Control Centers and the Association of Zoos and 

Aquariums, the online Antivenom Index website lists continually updatable zoo contact 
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information and antivenom availability. Poison center personnel can find resources for snake 

identification, management guidance and determine the nearest antivenom source to the patient.  

Key Words: Antivenom Index, Non-native envenomations, System response 
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Background: Although snakebite is a medical emergency in Nepal, epidemiology of snakebite is 

poorly known. Herein, we provide annual incidence of snakebite, envenoming, death and time 

needed to access hospital after snakebite based on hospital records and prehospital cares used 

based on a community survey in Western Development Region of Nepal.  

Methods: We collected information about snakebite envenomation and death from medical 

records maintained in 10 health institutions in Western Development Region of Nepal, during 

June 2011 to February 2012 and surveyed a snakebite prone community during April 2012. We 

analyzed annual incidence of snakebite, envenomation and death using 2011 population of four 

districts of Western Development Region.  

Results: We estimated 107 incidences of snakebites, 10 incidences of venomous snakebites and 

two snakebite deaths per 100,000 populations annually. Rupandehi district received highest 

incidence of bite, envenoming and death. The case fatality rate was higher among children than 

adults. Most of the bites (25%) occurred during night time. Analysis of community survey data 

showed that most of the snakebite victims (64%) applied tourniquetes, 79% sought hospital 

providing antivenom therapy, 15% to non-relevant healthcare centre and 6% to traditional 

healers before reaching to relevant snakebite treatment centre. 

Discussion: Incidence of snakebite in the Western Development Region of Nepal is lower as 

compared to the rate of incidence reported from a community survey in eastern Nepal. It is 

because the treatment centres did not have complete information about venomous bites and 

deaths.  

Conclusion: More community survey should be conducted to find more precise burden of 

snakebite. Pragmatic education and trainings on snakebite targeted to community people, 

traditional healers, medical personnel involved in snakebite management is essential to reduce 

snakebite incidence and improve snakebite management. 

Key Words: Snake, Snakebite, Anti-snake Venom serum (ASVS), Mortality, First aid. 
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Background: The southern Pacific rattlesnake (Crotalus oreganus helleri) exhibits pronounced 

geographic variation in venom composition. Ontogenetic variation in lethality and enzyme 

activities has also been documented. Transition from the more toxic, less proteolytic venom of 

juveniles to the less toxic, more proteolytic venom of adults has been associated with a shift from 

lizard to rodent prey as the snake grows. In this study, we compared the diet and venom 

composition of two age classes of C. o. helleri from three populations occurring in distinctly 

different environments and having very distinctive venoms. Specimens on Santa Catalina Island 

and the Transverse Range Mountains express proteolytic venom typical of the species, whereas 

those in the San Jacinto Mountains possess neurotoxic venom that has been interpreted as 

paedomorphic—the retention of a juvenile characteristic (highly toxic venom) into adulthood. 

We hypothesized that 1) if diet influences venom composition, then diet ontogeny will differ 

substantially between the proteolytic and neurotoxic populations, and 2) that venom of the 

neurotoxic population will exhibit less ontogenetic change between juvenile and adult snakes 

than that of the proteolytic population.  

Methods: We analyzed the stomach and fecal contents of snakes from the three aforementioned 

populations. We also compared the venoms of juvenile and adult rattlesnakes from the Santa 

Catalina Island and San Jacinto Mountains populations using reverse-phase high-pressure liquid 

chromatography (RP-HPLC).  

Results: The three populations had similar diets, consuming mainly lizards when young and 

incorporating more rodents as adults. RP-HPLC chromatograms confirmed that venom 

composition differed substantially between populations, with both juvenile and adult Santa 

Catalina Island snakes expressing high levels of metalloproteinases and no PLA2 neurotoxins, 

whereas trace amounts of metalloproteinases and substantial expression of Mojave toxin existed 

in both age classes in the San Jacinto Mountains population. Snakes in both populations also 

showed fairly substantial changes in venom composition during ontogeny, but with similar effect 

sizes.  

Conclusions: Our results cast some doubt on whether dietary differences are responsible for the 

extreme variation in venom phenotypes observed among populations. High toxicity (expression 

of PLA2 neurotoxins) in the venom of both juvenile and adult rattlesnakes has been interpreted as 

paedomorphism; however, we question this interpretation because the overall level of 

ontogenetic change in venom was similar in the two populations. The question remains whether 

venom paedomorphism should be interpreted on the basis of ontogenetic changes in overall 

venom composition, or ontogenetic changes in venom function (relative toxicity and proteolytic 

activity). 

Key Words: geographic variation, Mojave toxin, southern California 
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Background:  Although rattlesnake bites in people rarely result in bacterial infection,[1-5] 

studies have identified multiple species of bacteria in the oral cavities of rattlesnakes, leading to 

recommendations for prophylactic antimicrobial use.[6-13] Previous authors have advocated the 

use of antimicrobials due to a lack of evidence that they are not necessary.[11-13, 16-19] Based 

on previous human studies, we hypothesize that there is low risk for wound infection in dogs 

secondary to rattlesnake envenomation. 

Objective: To evaluate the incidence of wound infection following crotalidae envenomation in 

dogs and determine if the use of prophylactic antibiotics is warranted.  

Methods: Prospective case series. 

Results: One hundred and forty-three consecutive cases of suspected acute rattlesnake 

envenomation were evaluated between March of 2012 and May of 2013. One hundred and two 

cases received no antimicrobials as part of management. Eight cases were placed on prophylactic 

antimicrobials by the primary care veterinarian prior to referral and were excluded. Two cases 

were excluded because they were initiated on antimicrobials during hospitalization for reasons 

unrelated to snakebite. Three cases involved cats and were excluded. Three patients died acutely 

near the time of presentation and were excluded. Twenty-one cases of suspected envenomation 

were excluded for lack of strong evidence of snakebite. Four cases were lost to follow-up and 

were excluded. Follow-up was conducted within 2 weeks either by phone or by direct inspection 

of the wound. Of the 102 patients included in the study only 1 infection developed. This patient 

developed an abscess subsequent to suspected compartment syndrome.  

Discussion: The incidence of wound infection in rattlesnake envenomation is low, and the use of 

prophylactic antimicrobials is not recommended.  

Conclusions: The use of antimicrobials should be reserved for wounds with necrosis or abscess 

and the choice of antimicrobial should be based on a culture and sensitivity of the wound.  

Key Words:  infection, rattlesnake envenomation 
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Background: Belladonna, Datura, Foxglove….Witches’ brews or Wonder drugs?   

Methods: Case based review of pharmacology and physiology of therapeutic uses of toxins.  

Results: Increased awareness of the biochemistry and molecular biology of toxins as well as 

their historical and current therapeutic uses.  

Discussion: The rich history of our chosen field is full of examples of toxins successfully 

deployed therapeutically.  In this fun and informal review, we use some of the potentially lesser-

known examples such as Dr. Batty’s Asthma Cigarettes, to explore “therapeutic toxinology”  

Conclusions: “All things are poisons, for there is nothing without poisonous qualities. It is only 

the dose which makes a thing poison….” (or Prescription…)  

Key Words: Pharmacology, Toxinology, History, Therapeutics, Physiology 
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Background: Animal Venom Research International (AVRI) is a United States nonprofit 

organization working to develop an antivenom for Sri Lanka in cooperation with Instituto 

Clodomiro Picado of Costa Rica and the University of Peradeniya, Sri Lanka. The initial steps of 

this project, for AVRI, involved establishment of a serpentarium and the island-wide collection 

of venomous snakes, for venom extraction. Five species were collected, including the Russell’s 

viper, Daboia russelii, responsible for the most snakebite deaths in Sri Lanka. Given limited 

staffing resources and timeframe, AVRI engaged the local community to assist the volunteer 

collection team. Thus, it was decided to involve the local snake charming community 

specifically to help collect Daboia. Ethnic communities involved in the practice of snake 

charming can be found throughout South Asia, the Middle East, and North Africa. Historically, 

the snake charming tribes are described as non-pastoral nomads, groups who rely on the 

employment of human social resources, such as making a living through performing, and move 

through largely populated areas. 

mailto:criticalcareprofessionals@gmail.com
mailto:kimm@usavri.org


Methods: AVRI employed a dedicated team of Sri Lankan volunteers to conduct snake 

collecting trips in Sri Lanka. This team traveled island-wide, spread the word about the 

Antivenom Project, gathered information on potential collection sites and developed a beneficial 

relationship with the Sri Lankan snake charming community residing in Kudagama Village in 

the Division of Thambuththegama.  

Results: Collaboration with the snake charming community was instrumental in finding the 

numbers of Daboia russelii needed to establish a population for venom extraction and eventual 

antivenom development. This community has a centuries old history intertwined with 

dependence on snakes. Much was learned about the snake charmers ways of life, challenges 

facing their community, and how a traditional practice thousands of years old may be 

disappearing.  

Discussion: Snake charmers are a stigmatized ethnic group in Sri Lanka, feeling the pressures of 

contemporary society and struggling with elements of an antiquated caste system. This unique 

historical group faces a number of challenges including government regulation, economic 

stressors, and imposition from social systems. Conclusions: Local communities can be vital to 

the success of international projects and should not be underestimated or dismissed. Furthermore, 

many contain historical and anthropological knowledge passed down for generations, often 

through oral traditions. It is in society’s best interest to act to preserve diversity and assist unique 

and poorly understood groups, like the snake charmers, in finding a balance between cultural 

preservation and economic sustainability. 

Key Words: Antivenom, Snakebite, Sri Lanka  
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Background: Venom-antivenom immune complexes can be identified by size-exclusion 

chromatography (SEC) as increases in high molecular weight components with concurrent 

decreases in venom and antivenom components in reaction mixtures compared to venom and 

antivenom controls. SEC elution profile analysis can be used to evaluate venom-antivenom 

binding of either Fab or F(ab’)2 type antivenoms. Preliminary results are presented of the effect 

of incubation time (at 37oC) on venom-antivenom binding and SEC profiles using two different 

SEC elution buffers.  

Methods: Venom (1 mg/mL), antivenom (1 mg/mL), and venom-antivenom mixtures (1 mg/mL 

venom and 1 mg/mL antivenom) were prepared at 4oC in 50 mM sodium phosphate, pH 7.0, 

containing 0.15 M NaCl (Buffer 1) and incubated for either 0, 30 or 60 minutes at 37oC. 

Samples were stored at 4oC prior to SEC. Venoms and antivenoms were 1) Crotalus atrox 

(western diamondback rattlesnake) venom and ovine Fab antivenom [Crotalidae Polyvalent 

Immune Fab (Ovine)], and 2) Bothrops fonsecai venom, and bothropic antivenom [equine, 

F(ab’)2; Butantan Institute, Sao Paulo, SP, Brazil]. Column elution buffers were either Buffer 1 

(reference buffer) or 100 mM sodium phosphate, pH 6.7, containing 0.1 M Na2SO4 (Buffer 2). 

Samples (20 mL) were injected into the SEC column (TSKgel G3000SWxl 7.8 mm ID x 30 cm, 

5 mm, TOSOH Bioscience) at a constant flow rate of 1 mL/min. Elution profiles were monitored 

at 280 nm. 

Results: Incubation times had little effect on the magnitude of venom-antivenom binding. 

Profile variability appeared greater for venoms incubated for 30 or 60 minutes compared to 0 

minutes (variability; 60 > 30 > 0 minutes incubation). Elution buffer had the greatest effect on 

elution profiles. Elution times of most venom and antivenom components increased and column 

pressure was less using Buffer 2 (recommended by the SEC column manufacturer) compared to 

Buffer 1. Flow rates were the same for both buffers. Estimates of venom-antivenom complex 

formation (as fraction of total profile area) were consistent using either buffer.  

Conclusions: Evaluation of venom-antivenom complex formation using SEC depends on 

differences in venom-antivenom mixture elution profiles compared to venom and antivenom 

controls. Incubating samples at 37oC prior to SEC may increase the rate of complex formation, 

but does not appear to significantly affect estimates of total complex formation. Estimates of 

total complex formation were essentially independent of elution buffer effects on SEC profiles. 

A prudent choice of elution buffer, however, may improve SEC performance and column life. 

Key Words: antivenom, venom-antivenom complex formation, size-exclusion chromatography 

 

 

mailto:charles.sanny@okstate.edu


8. Pharmacology 

  

Venoms from Centruroides sp. Scorpions Cleave SNARE Proteins 

 

Paul L. Fletcher Jr1, Maryann D. Fletcher1, Keith R. Weninger2,Brian M. Martin3 

 
1East Carolina University, Greenville, NC 27858, 2North Carolina State University, Raleigh,   

NC  27695,   3National Institutes of Health, Bethesda, MD 20892 

fletcherpa@!ecu.edu  

 

Background: We recently discovered Antarease, a metalloprotease in venom from the Brazilian 

scorpion, Tityus serrulatus. This unique enzyme cleaves the v-SNAREs VAMP2 and VAMP8.  

Cellular SNAREs are membrane proteins integral to vesicular transport, docking, membrane 

fusion and exocytosis. They are classified as vesicular (v) or target (t). Report: The research 

presented here extends the discovery of metalloprotease activity to three North American 

scorpion venoms: Centruroides sculpturatus(CSV), Centruroides noxius (CNV), and 

Centruroides limpidus tecomanus(CTV). These scorpions are also known to be among the most 

dangerous to humans.  In our previous studies venoms were first evaluated for the ability to 

stimulate exocrine pancreatic secretion since clinical data had reported pancreatitis in sting 

victims. Experiments in vitro showed that the three Centruroides sp. venoms can stimulate 

pancreatic lobule secretion. In separate studies using pure VAMP2 and VAMP8 recombinant 

substrates we showed proteolytic activity in these venoms. The cleavage of VAMP2 and 

VAMP8 was confirmed in electron microscopic images of immunolabeled tissues from in 

vivoexperiments. Other evaluations of the effects of these venoms on neuronal tissue 

homogenates affirmed their SNARE cleaving enzymatic activity. All these findings subsequently 

pointed to our discovery of a metalloprotease we named Azantarease in the venom of C. 

sculpturatus, native to Arizona.  

Discussion: This analogous enzyme shares amino acid sequence homology with Antarease thus 

confirming the presence of a new class of conserved proteins in New World scorpion venoms. 

These metalloproteases are distinct from venom ion channel toxins and are likely significant 

causes of pathological effects of scorpion stings.  

Conclusions: As biological tools that alter SNARE function Antarease and Azantarease are 

valuable in dissecting cellular vesicular trafficking pathways in both normal and diseased cells.     

Key Words: Azantarease, Antarease, SNARE-cleaving metalloprotease, scorpion venom 
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9. Toxins 

 

Coagulopathy in Prairie Rattlesnake (Crotalus viridis) Envenomation: With Carbon 

Monoxide Releasing Molecule - 2 Increases Clot Strength and Attenuates Fibrinolysis  

 

Tyler E. Johnson, Christine S. Olver 

  

Colorado State University: College of Veterinary Medicine and Biomedical Sciences, Dept. of 

Microbiology, Immunology and Pathology, Fort Collins, CO, USA. 

tejohns@colostate.edu  

 

Background: Each year 9% of the hundreds of dog’s envenomated by rattlesnakes those 

evaluated at Colorado State University’s Veterinary Teaching Hospital develop coagulopathy 

characterized by prolonged coagulation times, thrombocytopenia or both. Treatment with 

antivenom is largely successful; however some treated patients continue to demonstrate 

persistent hypocoagulation and hyperfibrinolysis. Carbon monoxide Releasing Molecule-2 

(CORM-2), an emerging therapeutic in human medicine, has shown potential to increase an 

envenomated patient’s ability to create a strong and functional clot. There are no existing 

publications evaluating the coagulation and fibrinolysis effects of CORM-2 in canine patient 

population.  

Methods: The primary aim of this project was to evaluate the in vitro effects of CORM-2 on 

plasma based coagulation and fibrinolysis in canine plasma exposed to the venom of Crotalus 

viridis.  The effects of C. viridis venom on the viscoelastic properties of coagulation and 

fibrinolysis in pooled canine patient plasma has been determined in our laboratory using 

thromboelastography (TEG).  Canine pooled plasma from clinical patients with normal 

coagulation parameters and lack of anticoagulant therapy was used for this project. The 

following experiments were performed using TEG to evaluate both coagulation and fibrinolysis: 

1. Coagulation only (Tissue Factor (TF) activated) + DMSO (vehicle for CORM-2) alone; 2. 

Coagulation and fibrinolysis (TF and tissue plasminogen (tPA) Activated) + DMSO alone; 3. 

Coagulation (TF activated) + DMSO + venom; 4. Coagulation and Fibrinolysis (TF and tPA 

activation) + DMSO + Venom; 5. Coagulation (TF activated) + venom + CORM -2; and 6. 

Coagulation and Fibrinolysis (TF and tPA activation) + venom + CORM-2. Each condition was 

repeated 6 times. One way ANOVA was used to assess the following variables: clot strength 

assessed by maximum amplitude (MA), time to clot formation (R), speed of clot formation (K), 

and time to clot lysis (CLT).  

Results: CORM - 2 incubation prior to venom exposure enhanced clot strength, decreased time 

to clot formation, and resistance to fibrinolysis.  

Conclusions: Further analysis of in vitro CORM-2 effects on individual healthy canine plasma 

and the plasma of naturally envenomated dogs are required to further evaluate CORM-2 as a 

possible therapeutic intervention. 

Key Words:  Prairie Rattlesnake, Coagulopathy, CORM-2 
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10. Venomous Animal Biology 

 

Conservation of a Venomous Island Endemic through Skillset Development 

 

Kristen Wiley, James R. Harrison. 

 

Kentucky Reptile Zoo, KY, USA. 

reptilezoo@bellsouth.net  

 

Background: The St. Lucia lancehead viper, Bothrops caribbaeus, is endemic to the island of 

St. Lucia and has been facing decline due to habitat loss and also incidental killing. The snake is 

greatly feared by the populace of the island, and this fear is in part due to the high likelihood of 

severe injury should a bite occur. Kentucky Reptile Zoo will assist Flora and Fauna International 

in the development and implementation of two classes: Snake Safety Course, developed for 

members of the public who encounter snakes incidentally, and Snake Handler Course, developed 

to train personnel to safely contain and relocate snakes. The goal of this project is to encourage a 

stewardship attitude in the populace while increasing safety during snake interactions. 

Methods: Working with venomous snakes is a skill that can be taught. For the first class, the 

goals of the training are: 1) To learn how to minimize the chances of a bite, primarily through 

understanding snake behavior; 2) To know how to contain the snake using everyday objects until 

a more trained individual can arrive; and 3) To know what to do and expect in case of a bite. The 

goals for the second class are: 1) To safely capture nuisance snakes for removal; 2) To create a 

safe working environment in a frequently tense situation; 3) To develop skill and confidence to 

capture a snake in a less than ideal circumstances; 4) To understand the general behavior of this 

species; 5) To safely house and care for any snakes that must be maintained in captivity; and 6) 

To identify a good release site for any captured snakes. This training will be implemented in late 

January 2016. Written and performance evaluations will help to determine the efficacy of the 

training and to improve our methods in the future. 

Discussion: Decreasing snakebite is an important goal for both public health and conservation. 

Education about the snake species and how to have safe interactions can improve both safety for 

humans and conditions for the snake species in question.  

Key Words: conservation, Bothrops, caribbaeus, St. Lucia, venomous training, snake safety 

course, endemic species 

  

mailto:reptilezoo@bellsouth.net


 

 

11. Venomous Animal Collections 

 

Rattlesnake Canyon, Building the World’s Largest Indoor Rattlesnake Exhibit 

 

Jessi Krebs, Mandi Krebs 

 

Omaha's Henry Doorly Zoo and Aquarium, Omaha, NE USA  

jkrebs@omahazoo.com  

 

Background: Developing creative and innovative ways to connect and educate people about the 

positive aspects and ecological benefits of venomous snakes has always been a challenge for 

zoological institutions. All too often we focus on the “danger and deadly” aspect and play on 

people’s fears to entertain and engage the guests.  

Methods: In 2014 Omaha’s Henry Doorly Zoo and Aquarium combined several unused, indoor 

Hummingbird exhibits to construct a 160 square foot abandoned mine shaft-themed exhibit that 

is home to 21 Western Diamondback Rattlesnakes and a variety of desert lizards.  Interpretive 

graphics with positive messaging, including specific examples of how venomous snakes may aid 

people in their daily lives, were developed to accentuate this extremely large exhibit.  

Results: The construction of the exhibit took eight months at a cost of $98,133 with no major 

renovation problems. General husbandries as well as bimonthly feeding challenges for the mixed 

species exhibit were easily managed by the use of creative scheduling and well thought out 

safety protocols. In addition to general zoo visitor enhancement, the exhibit has been used by 

behavioral students from the University of Nebraska at Omaha to observe guest reaction and 

opinions about rattlesnakes.  

Discussion: Spending nearly $100,000 on an exhibit dedicated to rattlesnakes is not very 

common in zoological institutions and demonstrates OHDZA’s dedication to exhibit innovation 

and improving the perception of venomous snakes.  Early observation demonstrates that positive 

educational experiences with snakes can influence generalized negative opinions. 

Conclusion: Using scare tactics to engage the public is nothing new but one that may have 

unfortunate consequences for certain species. Zoological institutions must continue to innovate 

to develop new ways of engaging guests in a positive on manner. 
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12. Veterinary Toxinology 

 

In Vitro Echinocytosis Development Secondary to Rattlesnake (Crotalus atrox) and 

Copperhead (Agkistrodon contortrix lacticinctus) Venom in the Dog and the Horse 

 

Stasia N. Sullivan, Jonathan M. Bagwell, Jared D. Taylor, Robin W. Allison, Lyndi L. Gilliam. 
 

Oklahoma State University Center for Veterinary Health Sciences, Stillwater, Oklahoma, USA. 

stasia@okstate.edu  

 

Background: Oklahoma is home to several species of venomous snakes, presenting a significant 

risk of envenomation to dogs and horses. The type of snake that bit an animal is seldom known. 

The presence of echinocytes in snake bitten dogs has been suggested as an indicator of 

rattlesnake envenomation. However, echinocytes have been seen in known cases of copperhead 

envenomation (unpublished data). 

Objectives: The objectives of this study were to use an in vitro model to document echinocytosis 

secondary to exposure to copperhead venom in canine and equine blood and to determine if 

echinocytosis occurs in a dose-dependent manner as previously demonstrated with rattlesnake 

venom.  

Methods: Fresh blood samples from healthy adult dogs (n=10) and horses (n=10) were exposed 

to six different concentrations of reconstituted venom from the western diamondback rattlesnake 

(Crotalus atrox) and the broad-banded copperhead (Agkistrodon contortrix lacticinctus). 

Controls were formed by exposing blood samples to six concentrations of sterile distilled water. 

Blood smears were made from each sample at 5 and 10 minutes after adding venom or water. 

The numbers of Type I, Type II and Type III echinocytes were determined by counting 500 cells 

per blood smear. 

Results: In the dog samples, there was no significant difference between the effects of the two 

venoms on the red blood cells (P=0.12). In the horse samples, rattlesnake venom produced 

significantly higher effects on cells than did copperhead venom (P=0.0464). Interaction between 

venom concentration and time was observed in both species. Discussion: In the horse samples, 

evaluating the monolayer of the blood smears for individual echinocytes was difficult due to the 

presence of rouleaux. Photographs may have been taken slightly closer to the feathered edge, 

possibly resulting in a lesser degree of echinocytes due to artifactual flattening of the cells. Due 

to the difference in venom composition and in body mass between horses and dogs, it is possible 

that higher venom concentrations would be necessary to produce the same degree of in vivo 

echinocytosis in horses as in dogs.  

Conclusions: Echinocytes were observed in dog and horse blood following exposure to either 

copperhead venom or rattlesnake venom; therefore, Type III echinocytosis is not specific for 

rattlesnake envenomation, but may also be caused by copperhead envenomation. Exposure time 

to venom is important to consider if using echinocytosis to help determine severity of 

envenomation. 

Key Words: Rattlesnake, Crotalus, Copperhead, Agkistrodon, echinocyte, echinocytosis 
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1. ANTIVENOMS/ANTIDOTES 

 

ANTIVENOMICS OF A EUROPEAN VIPERA ANTIVENOM  

 

Davinia Pla1, Juan José Calvete1, Carolina Elosua2, Jorge Paniagua3,4 

 
1Instituto de Biomedicina de Valencia, CSIC, Valencia, Spain; 2Teraclón IDF, S.L. Madrid, 

Spain; 3Instituto Bioclón, S.A. de C.V. México, D.F.; 4Laboratorio Silanes, S.A. de C.V. México, 

D.F. 

 

E-mail address: jpaniagua@laboratoriosialanes.es  

 

Background: Medically important cases of snakebite in Europe are predominately caused by 

vipers of the genus Vipera. In addition, two medically-important species from different genera, 

Macrovipera lebetina and Montivipera xanthina are both found in parts of south-eastern Europe, 

such as Turkey and Greece. The only treatment for snakebite envenoming is the parenteral 

administration of an antivenom, consisting of purified polyclonal antibodies made by hyper-

immunising an animal (usually horse) with relevant snake venom(s). The availability of 

antivenoms against European vipers is limited (ViperTAb®, MicroPharm; Viper venom 

antiserum from Institute of Immunology Inc., Zagreb, Croatia; ViperFAV®, Sanofi Pasteur). In 

addition, a limitation for their appropriate use is the lack of rigorous knowledge on the spectrum 

of preclinical efficacy of the currently available antivenoms.  

Objectives: The here reported study aimed to characterize the toxin composition of the venoms 

of V. ammodytes ammodytes (Vaa), V. a. montandoni (Vam), V. berus berus (Vbb), Vipera 

renardi (Vr), V. aspis aspis (Vas), Macrovipera lebetina lebetina (Mll), Macrovipera lebetina 

obtusa (Mlo), and Montivipera xanthina (Mx), and to assess the in vitro preclinical efficacy of a 
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new, P-1M-02-A and 15E-501T (Bioclon, Silanes) and the three commercial antivenoms against 

them.  

Methods: The toxin arsenals of the venoms were unveiled using a bottom-up, peptide centric 

venomics approach. To this end, the proteins from 2 mg of crude, lyophilized venom were 

separated and quantified by reverse-phase HPLC. Chromatographic fractions were further 

resolved by SDS-PAGE, under non-reducing and reducing conditions. Protein bands were 

excised from a Coomassie Brilliant Blue-stained SDS-PAGE gel and subjected to in-gel 

reduction and alkylation, followed by overnight digestion by sequencing-grade trypsin. Tryptic 

digests were dried in a vacuum centrifuge, redissolved in 5% acetonitrile containing 0.1% formic 

acid, and submitted to LC-MS/MS using a nano-Acquity UltraPerformance UPLC® and a 

BEH130 C18 column in-line with a Waters SYNAPT G2 High Definition Mass Spectrometry 

System. On the other hand, the qualitative and quantitative capability of the four antivenoms to 

cross-react with the different toxins found in the venoms of the European Vipera, Macrovipera, 

and Montivipera species was investigated using second-generation, immunoaffinity 

chromatography-based, antivenomics platform.  

Results/Conclusions: The results of our study indicate that the new antivenom may be a 

valuable addition to the existing therapeutic products for treating snakebite by a variety of 

European vipers found throughout the continent.   

Key Words: Antivenomics, European Vipera, antivenom  

 

 

 

ANTIVENOMICS OF A SUB-SAHARAN AFRICA ANTIVENOM ANTIVIPMYN 

AFRICA 
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Background: Snakebite envenomings constitute a highly relevant, albeit largely neglected, 

public health problem in sub-Saharan Africa. In the West African savannah, the saw-scaled or 

carpet viper, Echis ocellatus, represents the species responsible for the vast majority of bites. In 

the last decades, several new antivenoms have been introduced for the treatment of these 

envenomings, although their capability to reverse the systemic pathological effects of E. 

ocellatus envenomings has not been systematically studied. Furthermore, withdrawal of Sanofi-

Pasteur FAV-Afrique antivenom for sub-Saharan Africa has prompted a crisis in the availability 

and accessibility of antivenoms for this region [1]. Without access to the only effective 

treatment, antivenom, tens of thousands of people will continue to die of snakebite. The death 

rate can be as high as 20%, with survivors often suffering life-changing disabilities. In a previous 

work [2], the preclinical efficacy of four antivenoms (FAV Afrique, EchiTAb G, EchiTAB-Plus-

ICP®, and Inoserp™ Panafricain) to neutralize the main biological activities of the venoms of E. 
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ocellatus from Mali, Cameroon, and Nigeria was comparatively analyzed by in vivo 

neutralization assays and immunoaffinity chromatography antivenomics.  

Objectives: Here we report a similar study carried out using Antivipmyn® Africa (Bioclon, 

Silanes). Immunoaffinity antivenom matrix was prepared essentially as previously described [3], 

and the immunoaffinity fractions were analyzed by reverse-phase HPLC followed by LC-

MS/MS analysis using a nano-Acquity UltraPerformance UPLC® and a BEH130 C18 column 

in-line with a Waters SYNAPT G2 High Definition Mass Spectrometry System.  

Results/Conclusions: The results of our study will be compared with the preclinical efficacy of 

other antivenoms distributed in sub-Saharan Africa, to neutralize the venom of the carpet viper, 

and critically discussed.   

Key Words: Antivenomics, Sub-Saharan Africa, antivenom 

 

 

BRAZILIAN MONOSPECIFIC ANTI-CROTALIC SERUM DOES NOT NEUTRALIZE 

THE SYSTEMIC INFLAMMATORY RESPONSE SYNDROME (SIRS) AND THE 

DISSEMINATED INTRAVASCULAR COAGULATION (DIC) INDUCED BY 

CROTALUS SPP. SNAKE VENOM FROM BAHIA, BRAZIL 
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Background: A retrospective epidemiological study of 185 cases of severe crotalid snake 

envenomations in Bahia state was published in 1994. Monospecific anticrotalic antivenom 

(Equine Monospecific Anticrotalic Sera, Instituto Butantan) was used in all cases. In that study, 

15 patients developed chronic renal failure and 9 died. These findings differed significantly from 

the morbidity and mortality described in case reports of crotalid envenomations elsewhere in 

South America.  

Objectives: To evaluate the neutralization capacity of the monospecific anticrotalic antivenom 

manufactured in Brazil in a mouse model.  

Methods: Two-hundred-fifty Crotalus spp snakes from the same area of Bahia state as those in 

the published case series were collected and milked for venom. The lethal dose (LD50) of the 

pooled venom in mice was determined, followed by the histopathological analysis of the organs 

and a microcirculation integrity study using intravital microscopy. The antivenom neutralization 

capacity (ED50) of monospecific anticrotalic antivenom was studied using a challenge dose of 

3LD50 pre-incubated with 50µl and 200µl of antivenom. A proteomic study of the pooled 

venoms was also performed.  
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Results: One mg/kg of venom uniformly resulted in death from disseminated intravascular 

coagulation (DIC), brain and kidney hemorrhage, liver congestion and acute lung injury with 

other indications of anaphylaxis. Histopathology included cerebral edema and congestion with 

focal subventricular monocyte concentration. Hemorrhages were found in the microcirculation 

with endothelium discontinuation, leukocyte and red blood cell accumulation, venule wall 

narrowing and thrombus formation with fibrin accumulation and lumen occlusion. The pre-

incubated venom-antivenom challenge doses tested did not prevent these pathophysiological 

effects. The proteomic data showed that these venoms have a significant number of toxins not 

yet indexed in the National Center for Biotechnology Information (NCBI). In particular, the 

phospholipase A2 and the convulxin identified showed low homology with those from Crotalus 

durissus terrificus in the NCBI.  

Discussion: The pathophysiology described in this animal-model study is similar to that seen in 

snake envenomations caused by North American and Old World crotalids. Proteomic analysis 

demonstrated the complexity of these venoms and also indicated the presence of toxins not 

neutralized by the current Brazilian anticrotalic antivenom. These data indicate the necessity of 

development of a new anticrotalic antivenom in Brazil. Conclusions: The Brazilian monospecific 

anticrotalic serum is not effective against the Systemic Inflammatory Response Syndrome 

(SIRS) and the DIC induced by native Brazilian Crotalus ssp venom. 

Key Words: Crotalus ssp, Snakebite, Venom, Envenomation, Antivenom, Disseminated 

Intravascular Coagulation 
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EVALUATING FIRST-AID REPONSES TO CNIDARIAN STINGS: A CRITICAL 

REVIEW OF THE LITERATURE AND A NOVEL ASSAY ARRAY TO STANDARDIZE 

TESTING  
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Background: Cnidarian envenomations are a significant and growing medical burden 

worldwide. Yet despite the medical urgency presented by such envenomations, ineffective and 

contradictory first-aid management recommendations persist. A critical barrier to progress has 

been the lack of readily available and reproducible experimental models of envenomation that 

meet four key criteria: 1) recapitulate live-tentacle stings, 2) allow quantitation and imaging of 

cnidae discharge, 3) allow primary quantitation of venom toxicity, and 4) employ rigorous 

controls. We have reviewed the body of literature and developed an experimental array designed 

to meet the above stated criteria.  

Methods: A comprehensive literature review determined the confusing state of current 

knowledge regarding first-aid responses to cnidarian stings. Using new and improved in vitro 

and ex-vivo live blood cell assays, we test commonly used first-aid measures for efficacy at a) 

inhibiting cnidae discharge and b) reducing venom activity. We examined tentacular responses to 

applied solutions microscopically, and developed models where hemolytic activity of venom 

delivered from live, spontaneously stinging tentacles can be measured using live red blood cells 

suspended in optically-clear agarose.  

Results: We found evidence supporting the use of vinegar to clean the sting site, even in 

Physalia stings, as vinegar consistently and irreversibly prevented penetrant cnidae discharge, 

and strong support for the use of hot water immersion or hot packs to reduce venom activity. 

Other well-known response solutions, including urine and ice, failed to show any benefit in our 

sting models.  

Discussion: Our experimental array allows for direct comparison of first-aid responses in all 

cubozoan species. The experiments in the array are affordable and require limited equipment or 

specialized skills, and thus could be repeated easily in labs lacking extensive biochemical 

equipment. We believe these models will help standardize the study of cnidarian envenomations 

and treatment options, ultimately leading to better medical management of these potentially life-

threatening stings.  

Key Words:  Cnidaria, Cubozoa, First-Aid, Physalia, Jellyfish 
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THE LONGEVITY OF SNAKES IN THE SCIENTIFIC BREEDING OF VENOMOUS 

ANIMALS OF THE LABORATORY OF VENOMOUS ANIMALS AND 

HERPETOLOGY IN THE STATE UNIVERSITY OF FEIRA DE SANTANA-BAHIA-

BRASIL 
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Neto1; Dulcineia Ferreira de Andrade1 Ilka Biondi1 
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Background: The Laboratory of Venomous Animals and Herpetology of the State University of 

Feira de Santana (LAPH/UEFS), since 1989, receives and/or collects snakes from many regions 

of the state of Bahia/Brazil, kept on the Scientific Breeding of Venomous Animals 

(CCAP/LAPH) for biological and toxinological studies of the venoms. Methods: On the period 

of 1989 to 2014, the Crotalus specimens were conditioned in wooden boxes, taken to the 

quarantine for 45 days for clinical observation and worming. Posteriorly these were transferred 

to the taxonomic status corresponding room. The data collection; maintanance in capitivity and 

deaths were registered on the CCAP/LAPH General Register Book. The room temperature and 

humidity were monitored daily. Results: On the period of 25 years, 202 adults Crotalus were 

kept on CCAP/LAPH. 88 specimens are alive, from these, 26 presents a longevity between six 

months to five years; 17 between six to 10 years; 12 between 11 to 15 years; 16 between 15 to 20 

years and 17 between 21 to 25 years. From the dead specimens (n=114), 29 had longevity of six 

months to five years; seven between six and 10 years; 21 between 11  and 15 years; 52 between 

16 and 20 years and five between 21 and 25 years. Two broodings were born, the first in 1991 

with 10 youngs and average longevity of 20,5 years (± 2,41; 19-24 years), and the second in 

1992 with 20 youngs and longevity of 20 years (±2; 17-23 years), amounting the total of 232 

Crotalus specimens kept in captivity with acclimatized rooms in 22ºC to 25ºC and water 

maintanance.  

Discussion: Throughout these 25 years, it was observed a reduction of the Crotalus number of 

receipt and/or collection, probably related to the progressive desforestation, for monocultural 

plantings and/or farming activities in this region. From the received adult Crotalus, 90 (44,5%) 

specimens had a longevity superior than 16 years in captivity. On the other hand, the broodings 

born in captivity, indicate that the Crotalus genus can present an average longevity superior to 20 

years. Conclusion: Crotalus specimens from the State of Bahia’s many ecosystems, shows 

resistance and high longevity when kept under CCAP/LAPH captivity conditions. 

Key Words: captivity, longevity, snakes, Crotalus 
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Background: As animals age and increase in body size, they face changing threats from 

predators. Spiders, which progress through a succession of distinct instar stages, provide a 

unique opportunity to test the ontogenetic development of antipredator strategies. They display a 

suite of defensive behaviors, including the use of both silk and venom, which are limited and 

potentially metabolically costly commodities that should be used judiciously.  

Methods: To experimentally test four hypotheses regarding the roles of age, sex, risk 

assessment, and experience on defensive strategies, we repeatedly subjected western black 

widow spiders (Latrodectus hesperus) to low- and high-threat conditions over successive instar 

stages (sheds). Spiders were prodded by a taxidermy mouse specimen in the low-threat 

condition, and gently pinched by the same predator model against the wall of its home container 

in the high-threat condition.  

Results: The results supported all four hypotheses. (1) Spiders relied largely on potentially less 

costly behaviors early in life, switching to more costly behaviors, including silk-flicking and 

biting, as they increased in size. (2) Age exerted a greater influence on behavior than sex (for 

males and females within the range of equivalent body sizes). (3) Spiders appeared capable of 

risk assessment, relying to an increased extent on biting and venom (and reduced extent on silk) 

with higher levels of threat. (4) Spiders responded to repeated testing by exhibiting less silk-

flicking and biting than naïve spiders upon reaching adult size (i.e., defensive decrement).  

Conclusion: Collectively, these findings suggest that selection has favored age-specific 

antipredatory strategies that vary with risk assessment and can be modified by experience.  

Key Words: venom, bite, silk flick, autotomy 
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Background: Arachnids possess many of their sensory organs on their appendages. However, 

the voluntary release of an appendage (“autotomy”) is a frequently used anti-predator strategy. 

Consequently, loss of an appendage could result in reduced locomotion, sensory abilities, 

especially relevant for prey (or predator) detection, location, and capture ability. Any reduction 

in prey capture or predator avoidance will result in energy loss, and a probable reduction in 

fecundity or possible injuries and death.  
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Methods: Here we investigate the incidence of autotomy in Nephila clavipes in the tropical 

rainforest of Costa Rica. Additionally, in a repeated measures design, we test for behavioral 

plasticity of simulated prey capture events before and after induced autotomy (of one leg I) using 

a combination of MANOVA and behavioral sequence data.  

Results: We found that 18 of 59 spiders observed at La Selva Biological Station had one or more 

legs missing (~31%) in the field, with leg I being the most frequently lost. We also found that N. 

clavipes altered their resting body position following autotomy, changing the angle of legs I (on 

the intact side), and legs II, and III on the autotomized side relative to the prosomal midline. We 

found no change in the spider’s ability to detect and capture prey following autotomy; however, 

there were differences in the frequency, duration of, and transitions between behaviors during 

simulated prey capture.  

Conclusion: Taken together, N. clavipes demonstrated marked behavioral plasticity following 

autotomy in order to compensate for the loss of sensory perception organs during prey capture. 

Key Words: behavioral plasticity, autotomy, Nephila clavipes 
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Background: Spider venom is a rich multicomponent mixture of neurotoxic polypeptides. Only 

a small percentage of the venoms from currently classified spiders have been categorized. The 

species Ctenus hibernalis (the wandering spider) belongs to the Ctenidae family that also 

contains Phoneutria nigriventer, the most venomous spider in the world. However, the venom of 

C. hibernalis is not considered to be harmful to humans.  

Methods: We constructed a proteomic data set from crude venom extracted from C. hibernalis 

using HPLC paired with LTQ XL ion mass spectrometry (MS). This generated 1,238 protein 

sequences that closely matched the sequences of other venom proteins found across families of 

spiders, including P. nigriventer.  

Results: Of the peptides that we were able to elucidate gene ontology information, we found an 

immense diversity of molecular functions ranging from channel, cytolytic, and antimicrobial 

proteins.  

Discussion/Conclusions: Our results suggest that the primary structures found in the venom 

proteins of C. hibernalis are conserved across families. Future work will focus on generating a 

transcriptome to further elucidate the structure and function of proteins unique to C. hibernalis. 

Key Words: spider venom, proteomics, molecular evolution, Ctenus hibernalis 
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Introduction:  This is a retrospective observational case series of snakebite associated pain, 

treated with a Fentanyl 25 mcg patch, placed proximal to bite site.  Cases taken from our 

institution from 2010-2014.   

Methods:  Snakebite cases were identified at our institution, nine of which a Fentanyl patch was 

used.  The species responsible were identified as six Copperhead (Agkisrodon contortrix) and 

three Western Diamondback Rattlesnake (Crotalus atrox) both of which cause severe pain.  The 

ICU staff as well as the physicians involved were interviewed.   

Discussion:  Based on the careful review of the medical records and subsequent interview of 

each of the treatment team members the consensus is that the patients treated with a Fentanyl 

patch required significantly less intravenous narcotic / opiate. 

Conclusion:  The use of a Fentanyl patch proximal to the bite site should be considered for a 

more effective means of pain control.  A prospective look at this phenomenon is certainly 

warranted.   

Key Words:  Fentanyl, Snakebite, Envenomation 
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Background: During the author’s time as a clinician and clinical instructor during the recent 

Ebola emergency response, two mambas were found in Ebola Treatment Units (ETUs).  In 

addition to the ETU setting, the very nature of addressing Ebola necessitates fieldwork in jungle 

conditions.  Each of the three main countries affected by Ebola have a significant number of 

venomous reptiles, as well as other potential plant and animal sources of toxin exposures. The 

author worked independently for six weeks with Liberian Ministry of Health (MoH) and the 

World Health Organization (WHO) as a Facilitator for Ebola Phase III “Hot” Training.  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Additionally, he assisted in the preparation and opening of a 50 bed Ebola Treatment Unit 

(ETU), where he was also responsible for providing clinical care, comprehensive education and 

training, and oversaw field operations of three ambulances and associated personnel.  At no point 

did any of the formal predeployment training address the potential for envenomation from the 

local flora and fauna.  I believe this is a critical lack that should be addressed in future responses.  

Methods: Comprehensive review of CDC, WHO, US Military, and aid organization Ebola 

training materials.  Informal verbal surveys conducting as an instructor during the final phase of 

Ebola training.  

Results: Despite the potential of a lethal envenomation, no predeployment coursework included 

material addressing this possibility.  Furthermore, informal surveys of hundreds of ebola 

emergency response workers representing dozens of aid agencies revealed that not one 

organization had prepared for an envenomation incident.  

Discussion: Despite the fieldwork that is inherent in an Ebola emergency response, there were 

no plans in place regarding antivenin or medical evacuation from the field.  The entire focus was 

on preventing exposure to ebola.  This is analogous to a "distracting mechanism of injury" in 

Emergency Medicine and Trauma, in which tunnel vision impairs a comprehensive survey. 

Conclusions:  When there is a probability of encountering envenomation during fieldwork, 

especially potentially lethal envenomation, predeployment training should include both a 

comprehensive risk assessment; as well as appropriate contingency plans.  Failing to plan is 

planning to fail.  

Key Words: envenomation, ebola, antivenin, operational readiness, medevac 

 

 

SISTRURUS MILIARIUS MILIARUS ENVENOMATION REPORT 
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Introduction: The Carolina Pigmy Rattlesnake (Sisturus miliarus miliarus) is a small pitviper 

native to much of the southeast. In North Carolina, it can be found on the central and lower coast 

into the Sandhills region, and feeds largely on frogs or lizards. Though it is not considered a 

typically fatal bite, its venom can cause hemorrhaging and necrosis.  

Case Presentation: While collecting data on Sisturus miliarus miliarus in Hyde County, NC in 

September 2014, the victim was bitten by an unseen large individual in ambush. Both fangs were 

used in the envenomation, and delivered venom to both the 2nd and 3rd finger of the left hand. 

The victim sought medical attention and was given painkillers and IV fluids while the symptoms 

were monitored. When the swelling developed to dangerous levels, fasciotomy of the left arm 

and amputation of the 3rd finger were considered to minimize permanent damage. However, the 

CroFabTM antivenom was administered in an attempt to decrease the swelling without resorting 

to invasive tactics, and proved somewhat effective. After two days of observation, the swelling 

reduced to nonthreatening levels and the patient was released. He made a full recovery, with the 

exception of minor nerve damage, localized stiffness, and scarring.  

Discussion: The Carolina Pigmy Rattlesnake has largely cytotoxic venom, which can cause 

swelling, bleeding, and necrosis to the immediate area. There are no neurotoxins in the venom, 

but nerve tissue can be damaged as a byproduct of the cytotoxic effects. Body aches and cramps 



can occur away from the envenomation site. The intense swelling caused by the venom can 

present issues of compartment syndrome, lack of blood flow, and damaged muscle tissue when 

expressed in appendages such as the fingers.  

Conclusion: Although rarely deadly, the Carolina Pigmy Rattlesnake presents an interesting 

array of symptoms to the human body that could pose lasting effects. By analyzing detailed bite 

reports, it is possible to make cautious extrapolations on the trends of the venom on the human 

body. This information can be used in future treatments of Carolina Pigmy Rattlesnake 

envenomations.  

Key Words:  Envenomation, Sisturus, cytotoxin 
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Background: The Mount Mang or Mangshan Laotietou also known as the Chinese or Mangshan 

pit viper (Protobothrops mangshanensis) has gone through several genera changes, is a CITES 2 

species, and a rare snake of beautiful color morphology. Existing in a highly restricted mountain 

range of less than 100 square kilometers in the Hunan Province of China, a few specimens 

arrived in zoos following its discovery in 1989. Given the rarity of the species demand arose, and 

via questionable sources seeking economic benefit, the snake has begun to appear in a limited 

number of amateur collections. A single envenomation case has been reported previously (Czech 

Republic) in which delayed and prolonged coagulopathy occurred, and Green Pit Viper 

Antivenin (Thai Red Cross) appeared to have provided paraspecific coverage. Here a case of 

Mangshan pit viper envenomation (a species for which no specific antivenom is available) 

occurred in Minnesota, and a cascade of events demonstrate the complexities of treating victims 

of envenomation from non-native species.  

Methods: Case report. A 33 yo M was bitten by and adult female P. mangshanensis while trying 

to remove eggs that she appeared to be incubating. The patient was admitted to the hospital. 

Despite local bite wound symptoms, only a mild coagulopathy was observed, and the patient was 

discharged at 3 days with intended follow-up laboratory monitoring. During this time the 

patient’s snakes had been confiscated by Animal Control, and the patient was distraught. 

Following the 3rd day post envenomation the patient returned to the ED as he was not feeling 

“normal”. His previous venipuncture sites showed mild bleeding, and when tape was pulled 

away from the skin there appeared to be capillary blood leakage. Labs were drawn, but the 

patient signed out AMA prior to the results, which showed his INR/aPTT/TT were immeasurably 

long. Through the help of police and family the patient was located and convinced to return to 
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the hospital. Green Pit Viper Antivenin (Thai Red Cross) had been flown in from Reptile 

Gardens and 3 vials were administered 5 days post envenomation.  

Results: Antivenom was administered without adverse effect. Patient coagulation parameters 

returned toward normal, and the patient was discharged after 7 days of intermittent medical care.  

Conclusion: Envenomation by P. mangshanensis initially resulted in a mildly symptomatic 

coagulopathic process, was followed by delayed increased coagulopathy, and late administration 

of a non-specific antivenom, Green Pit Viper Antivenin, appeared to provide paraspecifc effect.  

Key Words: snakebite, coagulopathy, antivenom, Protobothrops mangshanensis 
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Case Report: A 23 year old man with no past medical history presented to a suburban New 

York City hospital during April 2015 ten hours after sustaining a bite to his right eye from his pet 

Northern Pacific Rattlesnake (Crotalus oreganus, NPRS). On arrival he was somnolent. His vital 

signs were: BP 140/88 mmHg; HR 99/min: and oxygen saturation 100% on 2L NC. Physical 

exam revealed bilateral periorbital edema and ecchymosis greater on the right. The right globe 

appeared proptotic with chemosis and diffuse subconjunctival hemorrhage. Intraocular pressure 

was 18 mmHg and a positive Seidel test was noted. Initial laboratory testing revealed: lactate 3.1 

mg/dL, potassium 5.6 mEq/L, platelets 13x103/mm3, PT 12.2 sec, INR 1.1. On repeat testing the 

potassium was 8 mEq/L, likely due to hemolysis. He was intubated for airway protection and 

treated for hyperkalemia. He was transferred to our regional snakebite center and received a total 

of 23 vials of ovine antivenom following current manufacturer recommendations. Repeat platelet 

count improved to 140x103mm3 and potassium to 5.3 mEq/L. Outpatient follow up revealed 

recurrent thrombocytopenia with a platelet count of 51x103mm3 daY 7 post envenomation. His 

platelet count normalized by day 13 without further intervention. 

Case Discussion: NPRS has a complex venom capable of causing significant local tissue 

damage and coagulopathy. This case is unique in that it demonstrates globe rupture after NPRS 

envenomation complicated by coagulopathy. The right eye underwent surgical repair but 

unfortunately vision in that eye was not preserved. 

Conclusion: To our knowledge this is the first report of globe rupture caused by NPRS 

envenomation. The coagulopathy responded to standard antivenom therapy but vision was lost in 

the injured eye. 

Key Words: snakebite, globe rupture 
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Background: Island tameness exists among diverse animal taxa on islands worldwide, and 

results largely from a lack of natural predators. Several insular populations of rattlesnakes lack 

functional rattles, which has been interpreted as the consequence of relaxed selection arising 

from isolation and reduced predation. Accordingly, one might expect island populations of 

rattlesnakes to exhibit a decrement in defensive behavior relative to their mainland counterparts.  

Methods: We tested this hypothesis by comparing species-typical antipredator behaviors and 

venom expenditure during defensive bites by mainland (N = 20) versus Santa Catalina Island, 

California, USA (N = 10), populations of the dangerously venomous southern Pacific rattlesnake 

(Crotalus oreganus helleri).  

Results: Contrary to our prediction, rattlesnakes from the island not only lacked tameness 

compared to mainland snakes, but they also exhibited measurably greater levels of 

defensiveness. Island snakes attempted to bite 4.7 times more frequently as we endeavored to 

secure them by hand, and as a result they required 2.1-fold more time to be pinned and captured 

by hand compared to mainland snakes. When controlling for body size, the island snakes also 

delivered 2.1-fold greater quantities of venom when biting after being grasped. The additional 

venom resulted from 2.1-fold larger boluses of venom ejected from the fangs during a given 

bite. Relative head size was equal among snakes from the two populations, so differences in 

venom expenditure likely reflected behavioral decisions associated with risk assessment and 

level of defensiveness. No effect of duration in captivity (2–36 months) existed, which suggests 

an absence of long-term habituation of the antipredator behaviors we quantified and supports the 

likelihood that behavioral differences are innate rather than learned. Population densities of 

potential avian predators are reduced on Santa Catalina Island compared to the mainland. 

However, populations of introduced mammalian predators (foxes, cats, pigs) and antagonists 

(herbivorous ungulates) likely exceed those on the mainland, and therefore offer the best 

explanation for the paradoxically exaggerated defensive behaviors exhibited by Santa Catalina 

Island rattlesnakes.  

Conclusions: These findings augment our meager understanding of anthropogenic effects on the 

behaviors of island animals, and underscore how these effects might negatively impact human 

safety. 

Key Words: cloacal gland discharge, island syndrome, raptors, rattling, venom expenditure, 
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Background: Rattlesnake envenomation, although a regional problem, presents a unique 

challenge in veterinary medicine. Antivenom is the treatment of choice for severe envenomation; 

however, it is often cost prohibitive for veterinary patients. Manufacturing antivenom products 

can be costly resulting in higher retail prices. A hyperimmune equine plasma product has been 

produced for the treatment of rattlesnake envenomation in dogs and horses. Its manufacturing 

process is less costly than that of traditional antivenom products resulting in a lower retail price.  

Methods: A murine in vivo serum protection test was used to test the ability of this product to 

neutralize venom from four North American rattlesnakes.  

Results: The hyperimmune plasma product was effective at neutralizing all four venoms used in 

this study.  

Discussion: The murine model used in this study does not mimic natural envenomation in the 

target species (canine and equine) but does demonstrate the ability of this hyperimmune plasma 

product to neutralize the venoms tested. Testing in the target species is required to determine 

clinical safety and efficacy.  

Conclusions: The hyperimmune product tested neutralizes 4 North American rattlesnake 

venoms and may be a cost effective option in treating rattlesnake envenomation in veterinary 

species.  

Key Words: equine, rattlesnake, hyperimmune plasma 
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Objective: This manuscript describes the clinical course of a severe snake envenomation in a 

dog. This case was unique because the clinical signs fluctuated over a 7 day period. Surgical 

debridement of the necrotic tissue on day 7 was associated with a relapse of severe systemic 
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signs. The purpose of this case report is to alert the veterinary clinician about the extended 

clinical abnormalities that can occur in severe snake envenomation and to describe the clinical 

signs associated with antivenom hypersensitivity.  

Case Summary: A 6-year-old female spayed dog was treated for severe signs of pit viper snake 

envenomation, most likely caused by an Eastern diamondback rattlesnake (Crotalus 

adamanteus). The treatment consisted of intravenous fluid therapy, analgesic opioid drugs, 

vasopressor and cardiac arrhythmia drugs, and polyvalent pit viper antivenom. Following initial 

response to treatment, relapse of clinical signs occurred. Most interesting was the recrudescence 

of clinical signs on day 7 that may have been caused by the release of deposited venom during 

surgical debridement of necrotic skin. The resulting extensive clinical signs required additional 

vials of antivenom, and to a relatively large dose of antivenom overall. This dog received 22 

vials that were administered over a 7 day period. Both Fab2 and Antivenin Crotalid Polyvalent 

(ACP) were used in this dog because of availability logistics. It is thought that this large amount 

of antivenom resulted in type I (anaphylaxis) and type III hypersensitivity (serum sickness) 

reactions. The dog made a complete clinical recovery. 

Key Words:  Dog, Pitviper Envenomation, F(ab')2, IgG, Antivenom, Type I, Type III, 

Hypersensitivity, Treatment complications 

 

 

 

 


