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• Snakebite envenoming : Neglected Tropical Disease
• Antivenom :  anti-snake venom horse antiserum
• Development of new antivenom

Targeting principle toxins of venom 
Recombinant technology

Cross neutralization evaluation

Outline



Snakebite envenoming

• Definition:
Injection of a mixture of venom following
the bite of a venomous snake.

• There are currently more than 3000 species of 
snakes in the world, approximately 250 of 
these are listed by WHO as being of medical 
importance because of the harm their venoms 
can do.

• The highest burden of snakebites is in South 
Asia, Southeast Asia, and sub-Saharan Africa



Threaten of snakebite envenoming

• About 50–55% of all snakebites result in envenoming.
• Near 5 million snakebite envenomings and 20,000-94,000 deaths

occur worldwide each year
• 30-45% of victims are women and children.
• WHO added snakebite envenoming to the list of Neglected Tropical 

Diseases(NTDs) in 2017.



Venomous snakes in Taiwan
• Neurotoxicity

N. naja atra (Taiwan cobra)
B. multicicinctus (Manybanded Krait)

• Hemotoxicity
D.actus (Hundred-pace pit viper)
T. stejnegeri (Taiwan bamboo viper)
T. mucrosquamatus (Taiwan Habu)

• Multitoxcicity

D. siamensis (Russelii viper)
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If you suspect a snake bite,

Principles: 
1. Transported to a health facility without delay.
2. Administration of correct antivenom.



What is 
antivenom?



In 1894, 

Crude venom Horse immunization

Anti-snake venom horse antiserum

The only effective antidote 
for snake venom

Albert Calmette
(1863-1933)



Manufacturing  process of current antivenom



• The WHO has estimated that 10 million vials 
of antivenoms are needed each year.

• Only 46 antivenoms manufacturers globally. 
The number is declining.

• The use of a particular antivenom product is 
very much limited to only one or several 
species of a certain region. 

Geneva: WHO; 2007, 1-38

Challenges on current antivenom
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Naja atra Equine antibody
1600~2400 mg

Viper Equine antibody
1000mg

Colorectal cancer Human antibody
300 mg

Antivenom contains 5–36% effective antibodies directed 
against venom components                                  

PLoS Negl Trop Dis. 2017, e0005361 



Timeline of antivenom development

12Toxins 2014, 6, 2541-2567



Vision of new generation antivenom

Safety Efficacy

Broad-spectrum

Neutralization
Cost

Demands



Cobra bite envenoming
• Naja is a genus of venomous elapid snakes known as cobras that 

inflict approximately 10% of snakebite evenoming in Pan-Asia 
annually.

• Cobra venom contains high abundant neurotoxic and cytotoxic 
toxins, which could induce neurotoxic manifestations and severe 
local tissue damage on snakebite victims

• The neutralization potency of antivenoms toward cobra venoms 
are consistently low, being in the range of less than 1 to 2mg/mL.

J. Proteom. 2011, 74, 1735–1767.



Maja cobra species in East and Southeast Asia



Venomic and antivenomic analysis 
Identification of principle toxins of cobra venoms

Three finger toxins (3FTXs)





Generation of new antivenom using principle toxins

~10% effective Abs



Potential of 

Recombinant venom toxin
Alternative source of venom toxin

Reduce the cost and risk
Higher flexibility

Broaden neutralization targets
Fulfill the need for QC antigen



Signal peptide LOOP1                                      LOOP2                               LOOP3        

Sequence alignment of 3FTXs isomers
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Generation of native-like recombinant 
toxin 
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Ni affinity column Purification
Enzyme protease cleavage

Purification

1. Induction
2. Total lysate w/o IPTG induction
3. Soluble fraction
4. uncleavged-SNTX
5. r3FTx

r3FT
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E.coli expressed 3FTx



Cross neutralization potency of mice antisera

Group Immunogen Adjuvant Survival % (3h) Survival (48h) 

1 N. atra venom CFA/IFA 83.3 (5/6) 83.3 (5/6)

2 N. kaouthia venom CFA/IFA 83.3 (5/6) 83.3 (5/6)

3 N. atra + N. kaouthia venom CFA/IFA 57.1 (4/7) 57.1 (4/7)

4 Native toxins CFA/IFA 100 (7/7) 100 (7/7)

5 Recombinant toxins CFA/IFA 83.3 (5/6) 83.3 (5/6)

Challenge with 3xLD50 N. atra venom:

Group Immunogen Adjuvant Survival % (3h) Survival (48h) 

1 N. atra venom CFA/IFA 0  (0/6) 0  (0/6)

2 N. kaouthia venom CFA/IFA 100 (6/6) 100 (6/6)

3 N. atra + N. kaouthia venom CFA/IFA 100 (7/7) 100 (7/7)

4 Native toxins CFA/IFA 100 (7/7) 100 (7/7)

5 recombinant toxins+ rLNTX CFA/IFA 100 (6/6) 100 (6/6)

Challenge with 3xLD50 N. kaouthia venom:

Crude venom challenge
3 xLD50 

Recombinant toxins of 
cobra venoms
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Thank you for your attention


