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Opportunities and Challenges
of anti‐venom production in 
the Pasteur Network? 

•Christophe Peyrefitte November 2022
Un grand merci 
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Pr Balkiss Bouhaouala-Zahar, Institut Pasteur de Tunis
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≃ meningitis or measles (NTDs)
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Geographical distribution of the estimated number of snakebite envenomings and deaths

Gutiérrez, J. M. et al. (2017) Snakebite envenoming
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.63
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neglected disease that is most endemic in rural areas of LMICs
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Poisonous snakes in French Guiana

Class

Family

Subfamily

Genus

Reptiles

Viperidés

Viperinae Crotalinae

Bothrops Lachesis CrotalusMucrurus

Elapidés

Pr Hatem Kallel

lemniscatus

surinamensis

bilineatus

atrox

muta durissus

oligobalius
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Dal Vechio et al. J of Natural History (2021)
Pr Hatem Kallel

New species even in 2021?



7 | Pasteur Network Presentation | November 20227 |

Toxin levels in the venom of viperids and elapids

Gutiérrez, J. M. et al. (2017) Snakebite envenoming
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.63

Neurotoxic Syndrome (cobraic) 

Inflammatory Syndrome (viperic)
Hemorrhagic Syndrome
Necrosis

SVMP : snake venom metalloprotease
PL : phospholipase, including PLA2 and PLB
SVSP : snake venom serine protease
CLEC : C-type lectin, including CLEC-like
LAAO : L-amino acid oxidase
3FTx : three-fingered neurotoxins
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Gutiérrez, J. M. et al. (2017) Snakebite envenoming
Nat. Rev. Dis. Primers doi:10.1038/nrdp.2017.63

Action of snake venom toxins on different body systems

SVMP : snake venom metalloprotease
PL : phospholipase, including PLA2 and PLB
SVSP : snake venom serine protease
CLEC : C-type lectin, including CLEC-like
LAAO : L-amino acid oxidase
3FTx : three-fingered neurotoxins

Intrinsic toxicity
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1 Day3 5 7 24 30

Hemodynamic failure

Respiratory failure

Renal failure

Coagulation disorders

Cutaneous lesions

12 21

cleaning the wound and 
changing the dressing

every two days

Repeated skin and 
muscle resection

Norepinephrin

Mechanical ventilation

RRT

Local infection with bacteremia:
Aeromonas hydrophila

Admission

Pr Hatem Kallel

The treatment is a race against time

Anti venom treatment
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Mamede et al. Toxicon (2020)

SVMP : snake venom metalloprotease
PL : phospholipase, including PLA2 and PLB
SVSP : snake venom serine protease
CLEC : C-type lectin, including CLEC-like
LAAO : L-amino acid oxidase

B atrox B brazili

Similarities in the venom

Heterogeneous mixtures of proteins, peptides and organic and inorganic substances

To confine, immobilize and digest their preys, 
To protect against predators. 
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Espino-solis et al. J of Proteomics (2009)
1st generation : decantation then centrifugation; precipitation
2nd generation : Digestion then purification F(ab)’2
3rd generation : lyophilisation, recombinant

Calmette’s protocol F(ab)’2

Antivenom treatment development
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Fab’2-based antivenom preparation process

Injected
antigen
= venom
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 GMP conditions
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Espino-solis et al. J of Proteomics (2009)

Papain

A
g

100 kDa

50 kDa

Fab’2-based antivenom preparation process
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Next generation : antigen-specific nanobody

30 kDa
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Does it fit into the PN? 

Missions

Biomedical research

• pathogen, 
vectors, reservoir, 
transmission

• low income
countries

• emergence

Public health

• preparedness
• outbreak

investigation 
• diagnostic and 

surveillance 

Training and career 
development

• international 
courses

• mobility 
programmes

• career
development

Innovation and 
technological

expertise

• innovative 
research

• high-tech 
platforms

• biobanking
• sequencing

A scientific and humanistic community to serve public health worldwilde
in fighting mainly infectious diseases
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Does it fit into the PN? 
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Potet et al. Toxicon (2021)

Antivenom manufacturing capacities

The cost of antivenom has a major impact on accessibility and affordability
Even if antivenoms are among the most cost-effective interventions in developing countries

Pasteur Network antivenom manufacturing capacities

?
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Potential access barriers

Potet et al. Toxicon (2021)
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Pasteur Network potential involvement

Potet et al. Toxicon (2021)

Pasteur Network involvement
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Localized
GMP 

venom 
production

Centralized 
production

Localized
GMP 

venom 
production

Localized
GMP 

venom 
production

Localized
GMP 

venom 
production

A dynamical & interconnected 
Pasteur network workflow

Strategy 
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A dynamical & interconnected 
Pasteur network workflow

Strategy
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Localized
GMP 

venom 
production

Logistic
Regional Hubs

A dynamical & interconnected 
Pasteur network workflow

Centralized 
production

Localized
GMP 

venom 
production

Localized
GMP 

venom 
production

Localized
GMP 

venom 
production

• Phase 1

• Phase 2

Strategy option 1
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Animal
model

Patient

Pasteur Network Specific Research?

1. Specificity
2. Neutralizing capacity

3. Binding affinity
4. Epidemiology of the 

venom composition

23

1. Clinical trials
2. Regional Multi centric

3. Toxicology
4. Immunology

5. Phase 1, 2, 3, 4

? ?

Resiere et al. Costa Rica (2019)

Strategy option 2
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Expand the next generation of anti-cobra-venom 
IPs initiative in LMI countries

‘COBRA-NGaV’ ?

Wellcome Trust proposal: 
Dicovering and Developing New Treatments for Snakebite

(BIOMEDICAL SCIENCE RESEARCH)
https://wellcome.org/grant-funding/schemes/snakebite-grants

24

Strategy option 3

https://wellcome.org/grant-funding/schemes/snakebite-grants
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A Living Network of Platforms and Hubs

Cayenne

Pointe-à-Pitre Dakar Bangui

Tananarive

Nouméa

Phnom Penh

Vientiane

Yaoundé

Seoul

Laboratory P3

Clinical research

Vectopole

Montevideo

Abidjan

Hanoi

Laval

Vaccine production unit

Biobanking

Proteomic structural biology

Rio de Janeiro

Drug screening

Téhéran

AthènesLille

Brussels

Casablanca AlgerTunis

P3

P3

P3

P3 P3

P3

P3P3P3

P3

P3

P3
P3

P3

P3

P3

P3

Malditoff

ParisP3

Thank
you !

Antivenom production unit
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Thank you !
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Espino-solis et al. J of Proteomics (2009)



28 | Pasteur Network Presentation | November 202228 |

Physiopathologie

PLA2s or PLA2 homologues (Myotoxins) : 

Altérations cytoplasmique des myocytes (Myonecrose)

Altération de l’integrité endothéliale (Hémorragie par rhexis)

Hydrolyse enzymatique de la membrane basale de la paroi vasculaire

Inflammation +++

Snake venom metalloproteinases (SVMPs) :

Atteinte microvasculaire (Syndrome hémorragique)

Destruction de la matrice proteique extra-cellulaire (décollement cutané, lyse cutanée, nécrose …)

Hématotoxicité +++

Hyaluronidases :

Destruction de la matrice proteique extra-cellulaire (décollement cutané, lyse cutanée, nécrose …)

Gutierrez et al. Nature (2017)
Resiere et al. Toxicon (2018)
Moreira et al. Toxins (2021) Pr Hatem Kallel
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Teixeira et al. Frontiers in immunology (2019)
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Moreira et al. Toxins (2021)
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