Snakebites in the Brazilian Amazon:
Neglecting effective antivenoms to a neglected population
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2017 - WHO categorized snakebite envenoming into the
Category A - Neglected Tropical Diseases

Incidence et mortalité par animaux venimeux dans les pays tropicaux” by Jean-Philippe Chippaux, Médecine Tropicale, 2008, 68(4), 334—39
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Brazil registers about 30,000 snakebites each year,
with high impact in the Brazilian Amazon
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BR Amazon

Cancer (190 / 100,000)

underreported accidents

INCIDENCE per 100,000 people (2020)

48 X 4 X11

State - highest snakebite incidence in Brazil
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RORAIMA
INCIDENCE per 100,000 people (2020) 7

SNAKEBITE

Brazil 17

BR Amazon 48

(

Roraima

Yanomami

AMAZOHNAS

* 11 indigenous ethnicities
* 32indigenous communities
* 8different spoken languages




Snakebites in Roraima
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’§ The administration of antivenom based on polyclonal antibodies produced cé}

-

in horses is the only specific treatment available against snakebites SNAKEBITE
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issue 1: Are the heterologous polyvalent antivenoms effective?

SNAKEBITE

The literature says that polyvalent antivenoms are only 25-30% effective (while that is actually not proven ).

C. 4 terrificus
0%

m * Crotalid antivenom (recommended for all Brazilian rattlesnakes)

s U

C. d. collilinoatus
0%

Produced by horses immunized with C. d. terrificus and C. d. collilineatus)

&

B. newweidi

B. moojeni
o 12.5% ' 2 eee ® BOthropic antivenom (recommended for all pitvipers from Bothrops genus)
@%
m AN Produced by horses immunized with 5 species of Bothrops: B. neuweid, B.

0y B. altcrnatus moojeni, B. jararacussu, B. alternatus, B. jararaca.

12.5%
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Brazilian Rattlesnakes

Brazil: 6 subspecies (Crotalus genus)
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Crotalus Durissus Ruruima:
Current Knowledge on Natural
History, Medical Importance,
and Clinical Toxinology
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Crotalus d. durissus RR |AP | AC |RO |AM| PA | TO |MT|MS |GO | DF [MA| P1 | CE |RN | PB [ PE | AL | SE | BA [ ES MGlR.I SP [PR|SC | RS
Crotalus d. cascavella RR| AP [ AC | RO [AM | PA | TO |MT|MS|GO | DF [MA| PI |CE |RN | PB |PE| AL |SE |BA| ES [MG| RJ | SP | PR | SC | RS SNAKEBITE
Crotalus d. collilineatus RR | AP | AC | RO |JAM| PA |TO |MT DF|MA| PI |CE|RN|PB|PE|AL | SE | BA [ ES [MG| RJ |SP| PR | SC [ RS
Crotalus d. marajoensis RR | AP | AC [RO [AM|PA| TO |MT|MS|GO | DF [MA| PI | CE |RN| PB | PE | AL | SE | BA [ ES [MG | RJ | SP | PR | SC | RS
Crotalus d. ruruima [RR| AP | AC |RO |AM | PA | TO |MT|MS|GO | DF [MA| PI | CE | RN | PB [ PE [ AL | SE | BA | ES |MG| RJ | SP | PR | SC | RS
Crotalus d. terrificus RR [ AP | AC |RO|AM | PA |TO |[MT|MS|GO | DF (MA| PI [CE | RN | PB | PE | AL | SE | BA [ ES [MG|IF= == == "=="==

TABLE 1 | Venomic comparison of Brazilian Crotalus durissus subspecies.

C. durissus Crotoxin SVSP CTL SVMP

| [} ]| v
ruruima 82.7 8.1 4.3 - - 29 -
cascavella 72,5 1.2 <0.1 - - <0.1 -
colliineatus 67.4 1.9 <0.1 - - 0.4 -
durissus NR

We are conducting clinical studies in Roraima to show
evidences that the antivenom is much less effective for
our unique rattlesnake
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Brazilian Pitvipers

Brazil: 29 species (Bothrops genus)

Bothreps leucurus

N B. jararacussu

w  B.moojeni
& B. neuwiedi

.

Bothrops lutzi

7|B|B

| —~ B.jararaca

[,’

!

I 1

E|Z|E|RE[R[E|E|E

Bothrops alcatraz RR vrrlnsloo DF |MA| P1 | CE |RN|PB [ PE SE [ BA SP
Bothrops alternatus RR \rrlnco DF |MA| PI | CE |RN|PB | PE SE | BA | ES [M SP|
Bothrops atrox RR |n'|Ms DF Pl | CE [RN|PB | PE 1 |BA|ES SP
Bothrops b. bilineatus RR| MT| MS oF |Ma| p1 | ce [rn|es [ 8 SE |BA|ES sP
Bothrops b. smaragdinus RR i MS DF [MA| PI [CE |RN|PB | PE SE |BA | ES sp
Bothrops brazili RR MS DF | 2| PI [CE|RN|PB[PE SE [BA | ES sP sc
Bothrops eotiara RR MS DF |MA| PI | CE |RN|PB [ PE SE [BA | ES |3 sP sC|
Bothrops diporus RR MS RN | PB | PE SE | BA | ES SP|PR|SC
Bathrops erythromelas RR MS PB|PE|AL|SE|BA| ES SP [PR | SC
Bothrops fonsecai MS DF |MA| PI | CE PB | PE SE [BA | ES SP| PR | SC
Bothrops insularis RR MS DF |MA| PI | CE PB | PE SE ES 8P| PR | SC
Bothrops itapetiningae RR MS|GO|DF | Ma| PL | CE PB | PE SE ES [ SP
Bothrops jararaca MS DF [MA| PI [CE ES SP
Bothrops jararacussu MS DF |[MA| PI | CE | ra|sP

sP
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Bothrops marajoensis MS DF PI [ CE |RN ES | PR | SC
Bothrops marmoratus MS |GO|DF|MA| PI [ CE |RN ES PR | SC
Bothrops mattogrossensis ool DF |MA| PI | CE |RN ES PR | SC
Bothrops moojeni MS nol MA|BI| cE [rN PR|sC
Bothrops muriciensis RR Ms G()lDF MA| PI [ CE |RN PR | SC
Bothrops neuwiedi MS |GO|DE|MA| PI [CE [RN PR|SC
Bothreps oligobalius MS DF [MA| PI [CE |RN PR | SC
Bothrops otavioi MS DF |MA| PI | CE |RN
Bothrops pauloensis M5|GO[DF|Ma| P1 | cE |RN
Bothreps pirajai MS DF |MA| PI | CE [RN
Bothrops pubescens MS DF [MA| PI | CE [RN
Bothrops sazimai MS DF [MA| PI | CE |RN
Bothreps taeniatus MS DF PI [ CE |RN
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Campos et al., Toxicon 76 (2013) 1-10
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B. jararaca . . .
B. jararacussu . . .
B. moojeni . . .
B. neuwiedi . C] .
B. alternatus D . D

C] Low activity . Moderate activity -High activity




Bothrops atrox Bothrops jararacussuy

.7
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SNAKEBITE

Bothropoides jararacs Bothropoides neuwiedi
12, 16 ';, 1]

How an unique polyclonal antivenom formulation can neutralize all these toxins from all these species?
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u SVMP-I = SVMP-lI = SVMP- PLAZ = SVSP = CLEC
= CLECL BLAAD = NGF sHYALU = VEGF CRISP
= PDIEST =sECTONT ' PLB =GLUTCYC ®ACTIN

Sousa et al. (2013) Comparison of Phylogeny, Venom Composition and
Neutralization by Antivenom in Diverse Species of Bothrops Complex. PLoS Negl
Trop Dis 7(9): e2442.




If death occurs after antivenom administration, how to confirm the
cause of death — caused from venom or antivenom ?

Venom Antivenom
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Fatal Rattlesnake Envenomation in Northernmost

Brazilian Amazon: A Case Report and
Literature Overview
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ISSUE 2: Since we do not have any clinical studies, what confirms the effectiveness & é
safety of antivenoms? ”

SNAKEBITE

In Brazil, none randomized, placebo-controlled, double-blind trial have ever been conducted.
Why?

S . |
s N o
17

ANVISA

The Brazilian Health Regulatory Agency
Criated 1999

Vital Brozil

Antivenoms in the Market since 1901

Clearly, there are also limitations in the design of this study
because the product varies in each delivery.




Venom pool
Get sick 7\
Change the L

horse

Weather

= y - 2 Comm ™
Batch 1 | Batch 2 Batch 3

Horses are a biological system with a diverse genetic and immune system which cannot provide
an uniform product quality at the end of the manufacturing process.

SNAKEBITE




ISSUE 3: Are heterologous antivenoms safe? t

=

SNAKEBITE

;)

A IgE-mediated oraa st ool High production of B
anaphylatic reaction Y Neutralizing Antibody Neutralizing Antibody Immune complexes
N trali Non-neutrali
Lt Y M Rnibody Antbody

@ Antigen

% Human Antibedies
(lgG and IgM)

‘ J:K‘{)‘ 4 I | 7 L
Anaphylaxis & X ‘(
(10%, 40%) - | i

We have many health issues because of foreign bodies
injected into human bodies.

|SERUM | ----------------

70% of antibodies are D
non-neutralizing

Serum Sickness (7-15% , 56%)

Pirogenic reaction
70% are non-neutralizing Abs

Y
X 4
Horse-derived X .
Neutralizing Antibody b 4
s, P r
Non-neutraling . )’ -
Antibody Ba, o

00900 @ Endotoxin (LPS) ® Antigen

Camphora & Pucca, International Animal Health Journal 8 (4) (2022).




ISSUE 4: Antivenom shortage specially for population in remote regions. éj

28 Legend
27
2% Walking
25 Motorcycle
24 Awaiting antivenom treatment at hospital
23 A.mbulance
Airplane

Small motor boat

Waiting for transportation
At home

< Motorboat

—_ Car

o 17 -Canoe

Bus

0 5 10 15 20 25 30
TIME IN HOURS

Cristino et al. (2021) A painful journey to antivenom: The therapeutic itinerary of snakebite patients
in the Brazilian Amazon (The QUALISnake Study). PLoS Negl Trop Dis 15(3): e0009245.
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SNAKEBITE

* For indigenous communities, it may take
days to obtain health care.

* Subsequently, with this delay, the
antivenom is no longer useful in reversing
the effects of envenoming

Itineraries of the study participants expressed
graphically from the time from the bite to
hospital admission.




ISSUE 5: The use of equines as living producers of antivenoms confront us with ethical é
concerns. =

SNAKEBITE

1894 - A revolutionary treatment to cure diphtheria wrote
heterologous serotherapy into the history of modern medicine.

In early 1895, the Pasteur Institute had about 136 horses,
and a production of over 7,000 litters of blood/month.

Institut Pasteur de 1i\\\e

....equine are the victims to our progress in immunology”

FLaiits PasTiln - [




OBSCURE INFORMATION REGARDING THE USE OF HORSES

Rare descriptions of experimental procedures in horses

Over a three-month period, twenty-four injections totalling an amount
of venom equivalent to 1,512 scorpion stings was inoculated into one

i o BT

3 Months 24 injections 1,512 scorpion stings

The horse’s reactions throughout the immunisation process were described in detail:

“With each injection, [the horse] demonstrated intense reaction to pain,
showing widespread trembling, breathlessness, nasal and tear
hypersecretion, a rise in body temperature, intense sweating. Such
symptoms lasted no more than 12 hours”.

SNAKEBITE

.;\
ey
PR

This study also presents one of the rare records on deaths of horses used as serum producers by the Butantan Institute, during the years 1947 and 1948.
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SNAKEBITE

Weight loss, unresponsiveness to keep title of
antibodies, and fractures due to the accidental
falls taken by weakened animals, indicated that
the horse would be submitted to ‘TOTAL
BLEEDING’.

Recovering the diphtheria serum from horse blood in Marburg, Germany, drawn from nature by Fritz Gehrke, 1890s

TOTAL BLEEDING: consisted of inoculating in the animal saline solution that kept circulatory mechanism, delaying
haemorrhagic shock, to allow the animal to survive until all the blood could be withdrawn, in a procedure that could take
as long as two days.

The intense worldwide demand for hyperimmunized plasma has written a crude trajectory of horse exploitation which
are still not entirely dimensioned.




How come antivenoms are being administered
extensively & promoted as if it is well proven and
following the horse welfare?




Do we have an alternative treatment???

SNAKEBITE

Animal 4 ’
Imunization Y g Drawing of
\ = blood

Is it real effective? ﬂ , Is it an ethical therapy?
|

Questions and obscure information -

regarding antivenoms

Separation of

' ; Formulation of anitlbodies y
. antivenom 5 y= X
_ = s W ; = . .
Antivenom \ B9 = )f = -\\ Is it available for all?
idministration — ¢ ‘o y
= \" )/, y/’ 7=
X =
! L-}?“‘—v \\
OO (o)




§ WHO - MAY 2019

f@m World Health
W2 Organization

——i

SNAKEBITE ENVENOMING

A strategy for prevention

and control
was

£y
&y World Health
t:i,; Organization

=

SNAKEBITE

FULL ROLL-OUT

Al atfocted 2030 \
3 million treatments "
}

Fig. 2. Strategic objectives, target and implementation phases
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What are we doing to change the ancient use of horses as an é
antibody machine? SNAKEBITE

There were many progresses in antibody discovery technologies, antibody
engineering approaches, and antibody manufacturing.

USD 179.56 billion
N

We need novel antivenoms composed of mAbs to eliminate animal-derived antibodies and to
make available more effective and safe antivenoms Autohmmune diseases

L]
—_— L1 .
T

L]

Chronic diseases
Genetic diseases
Metabolic diseases

Brazil

Global Antibody Market Neglected Tropical Diseases???

2021 2025




Phage Display ( since 2006)

o
SNAKEBITE

Discovery of fully human mAbs targeting
animal-derived toxins

BOTHRUMAB SERRUMAB

LACHESUMAB

Although many efforts have been done, it is far to have effective human antivenoms available




1998 — MRC — Medical Research Council
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SNAKEBITE

BASIC EDUCATIONAL PROGRAM

* Educating the local population
(including indigenous)
* Training the health professionals

e Bioprospecting venom compounds
* Performing Genomics and Proteomics
* Discovering fully human antivenoms

[~

Mitigate the local Snakebite Problem

* Following snakebite victims
in hospital and health centers
* Inside the Yanomami Community
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EDUCATIONAL PROGRAM




SNAKEBITE
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PEGlagdo de toxinas animais: English: www.snakebiteroraima.com
Um passo a frente para Portuguese: www.snakebiteroraima.com.br
aplicagGes terapéuticas?

Antibody Engineering Delivered as a Hybrid Event, 7 - 9 June, 2022
& Therqpeutlcs Live In-Person Event: 7 - 9 June, Postillion Hotel Amsterdam,
Euro Digital Experience: All Sessions Livestreamed 7 - 9 June
curope
/ MODERADORA

|\ Dra.ManuelaB. Pucca
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- Snakebite Roraima)

o <
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J \ &
" EUROPE’S LEADING ANTIBODY CONFERENCE FOR
ACCELERATING NEXT-GENERATION ANTIBODIES TO

COMMERCIAL SUCCESS
~

Dr. Emesto L. Pinheiro-
Junior

(KU Leuven, Bélgica)
ﬁ \ - :

Antibody Engineering Euro...




* Snakebite Webinars

WEBINAR P>

Patofisiologia dos envenenamentos
por serpentes na América Latina

DIA 7 DE NOVEMBRO DE 2020
9:30 hs (GMT-4)

P

Faca sua inscricao pelo site:
www.snakebiteroraima.com
INSCRICOES GRATUITAS ATE 5/11

HAVERA DECLARAGAO DE PARTICIPAGAO!

ABERTURA:

PALESTRANTE
Dra. Manuela B. Pucca INTERNACIONAL:
de Dr.José M

(c pl
Snakebite Roraima) (Instituto Clodomiro Picado,
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na Amazonia Brasileira®
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9:30 hs (GMT-4)
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WEBINAR P>

oxinas botropicas: Identificacao,
acao e neutralizagdo

DIA 24 DE ABRIL DE 2021
9:30 hs (GMT-4) T
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www.snakebiteroraima.com
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=
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WEBINAR P>

Epidemiologia dos acidentes ofidicos
no Estado do Espirito Santo

"

Faga sua inscrigao pelosite:

DIA 29 DE MAIO DE 2021
9:30 hs (GMT-4)

www.snakebiteroraima.com
INSCRICOES GRATUITAS

HAVERA DECLARACHD DE PARTICPAGHO!

_ et

HAVERA DECLARACAO DE PARTICIPACAO!
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WEBINAR P>

Produtos derivados de toxina_s R
de serpentes: da bancada ag paciefite

DIA 6 DE FEVEREIRO DE 2021
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0 evento adotars medidas de seguranga para prevencao da Covid-19.




* Snakebite Prevention and Control Program
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in different Roraima communities

* Rural Population

* Army
* Venezuelan migrants (>50.000)
* Others
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Prevention, first aid, effective and safe treatment, and well-trained medical staff to
allow many victims to return more quickly to good health and lives
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Dr. Isadora S. d Oliveira

Developing of monoclonal antibody fragments targeting

metalloproteases from pit viper

Isadora Sousa de Oliveira!, Manuela Berto Pucca?, Ana Maria Moura-da-Silva?, Eliane Candiani Arantes!

"Laboratory of Animal Toxins, Department of BioMolecular Sciences, School of Pharmaceutical Sciences of Ribeirdo Preto, University of Sio Paulo, Ribeirdo Preto, SP, Brazil;
*Medical School, Federal University of Roraima, Boa Vista, RR, Brazil;
3Laboratory of Immunopathology, Butantan Institute, Sio Paulo, SP, Brazill

BACKGROUND

Since 2017 snakebites are classified as category A of the Neglected
Tropical Diseases (NTDs), affecting more than 5 million people
worldwide per year, which results in more than 100,000 deaths and
around 300,000 amputations or other permanent disabilities. In Brazil,
snakebite envenomings are mostly caused by pit vipers from Bothrops
genus (80-90%), distributed throughout the national territory.

Pit viper-derived venoms are mainly composed of metalloproteases
(~30-70%), phospholipases (~7-40%) and serine proteases (~2-24%),
varying quantitatively between them, making the venoms
haemorrhagic, proteolytic, and coagulant, characteristics that are

RESULTS
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responsible for many of their local and systemic
Moreover, it is known that metalloproteases are one of the components
responsible for pain induced during envenomation, and this pain does
not stop even with the administration of antivenom. Unfortunately, the
unique treatment for these envenomings (e.g., heterologous antivenom
administration) has several disadvantages regarding its use, since they
can trigger anaphylaxis and serum sickness.
hus, new for

P are necessary,
such asthe phage display technique, which allows the selection of fully
human antibodies against the most varied antigens.

In this study, we aimed the selection and production of fragments of
human monodonal antibodies (scFvs) against jararhagin, a
hemorrhagic metalloproteinase from Bothrops jararaca, through phage
display.

Figure 1. Jararhagin biotinylati for better antigen panning

reduced d staind with
Cooomassie Brilliant Blue G-250. 1: Jrarhagin; 2: rarhagin biotinylated, or bio-ararhagin: 3 molecular
weight markers. (B) Bio-ararhagin analyzed by ELISA. 96-well plates were sensiized with bio-jararhagin (2

1. bio-r). antibiolin 3 q
Jaarhagin. Absorbance reading was performed a 450 nm. G(+): wlls sensitized with PEGA.biolin: C() Jr
wels sensitized with jararhagin. Data are presente as mean + D, which were analyzed by ANOVA and

<0001 t0Ct)
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Figure 2, Selecion of specfic phage-antbodis against jararhagin,For phage slcion, the rosspanning
method was perfomed, with ahuman phage-antibody library, Griffin, with diversity of 10° different scFvs, and
o eion s mace n fou paInG 1oUnas (4 Fiage an b5 wers analy oy ELISA 36wl iaes
were sensitized with phage-antibodies from panning (10 L), and bio-jararhagin (1 pg) was added for
bt (1:5000) was aoed to ovluat i asoa,

Absorbance roading was peformed i 450 am. Oy walls sensilzad wih bio ararmagin (1 ), well
Sonsized wih VOS5, Data arepresonte a5 mean + e by ANOVA and Tukey's
) <oo1 1000+ <0001 when cmpares 1o

). B Guluro ltes domensirat T i TG baciata coloic growth,which were need wih phoge.
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Figure 3. Monoclonal ELISA with phage-antibodies from 19 round.
S6well plates were sensitized with phage-antibodies produced from
ach done from 4" round (60 L), and bio-ararhagin (05 pg) was.
added for immunorecogition. The commercial antibiotin peroxidase-
Tabeled (1:5000) was used to evaluate this assay. Absorbance reading

50 nm. C(-) wlls sensiized with 2TYGA medium
(A)AIl and (B) the 5 best cones that recognize jararhagin.
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CONCLUSION AND FUTURE STEPS

This study reports the selection of the first human antibody against
metalloprotease from Bothrops snakes, which could be included in the
formulation of a new generation of antibotropic serum. These
monoclonal phage-antibodies will be used for infection of E. coli
bacteria, which will be properly induced to produce soluble scFv
antibody fragments, and their ability to bind toxins will be evaluated
by monoclonal scFv ELISA. Furthermore, their ability to inhibit
metalloproteases will be tested in vitro and in vivo.
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Delivered as a Hybrid Event, 7 - 9 June, 2022

Live In-Person Event: 7 - 9 June, Postillion Hotel Amsterdam,

Digital Experience: All Sessions Livestreamed 7 - 9 June

EUROPE'S LEADING ANTIBODY CONFERENCE FOR

ACCELERATING NEXT-GENERATION ANTIBODIES TO

COMMERCIAL SUCCESS

Key Updates on Polyclonal Antibody Therapeutics, Non-Cancer

Indications, Alternative Scaffolds, Multispecifics, T-Cells, Machine

Learning, and Much More!
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Paul Parren Chelcie Bird Michael Keenan
Professor of Molecular Immunology Senior Operations Coordinator Project Manager and Production
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