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Abstract

Snakebite envenoming has killed about 138,000 people and maimed 400,000 victims
annually. WHO has designated this medical problem as one of the most neglected tropical
diseases for which effective, affordable antivenoms (AVs) are urgently needed. Production
of potent AV against neurotoxic venoms was difficult and was thought to be due to the low
immunogenicity of the postsynaptic neurotoxins (PSNT) which cause death in the victims.
However, it was showed that the use of ineffective adjuvant in the immunization of horse
was the root cause. The highly effective Freund adjuvant (FA) causes severe local reactions
and could not be used. A novel immunization protocol termed ‘low dose low volume multi-
site’ was tested and shown to obliterate the local side effect and allow for the safe use of FA
in horse. The immunization protocol led to the production of 7 highly potent monovalent
AVs, and 2 potent polyvalent AVs, one against 4 neurotoxic venoms and another against 3
hematotoxic venoms. These AVs allow the treatment of snakebite victims without the need
to identify the culprit snakes. Furthermore, we have tested a novel immunization strategy
using ‘diverse toxin repertoire’ of 12 Asian elapid toxin fractions. The resulting antiserum
effectively neutralized at least 36 elapid venoms of 28 species encompassing 10 genera and
from 20 countries on 4 continents, and most likely all the elapid neurotoxic snake venoms.
These results indicate that effective universal antivenom against all elapid neurotoxic
venoms of the world can be produced and save numerous lives.
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%fauﬁgﬂazl,aa (neglected tropical disease) wazilitumnelian
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fndazuszananieuniiusie luedn Lefaulnemeaniivgied
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sasruulaiin anensmeglageunsiazaiunsoanssezanly
nsilusannsliieiestiemelalunsdigngfivlszamin wu
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winuiiwginglifiufisediundgy (cross neutralization) oty
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1. fiwsiaszuuUsyamn (neurotoxic venoms) lUfiwaINg
w29 Elapidae Tutsemalnefiyssinniiog 4 wliafifimnuddy
enswnnd fis ui1lne (Naja kaouthia) $39913 (Ophiophagus
hannah) gammﬁau (Bungarus fasciatus) waggvivaiianan (Bun-
earus candidus) aﬂiﬂwﬁﬁﬂﬁmmmﬂwgméﬂﬁﬁa postsynaptic
neurotoxin (PSNT) &saansadusafu nicotinic acetylcholine
receptor (NACHR) ivaneiduuszamiliasendmiioansusin
neuromuscular junction YldAu19n153UAYDY acetylcholine
i neurotransmitter Swmalvindnandodusumn uasigninven
melauazaele’®
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(Calloselasma rhodostoma) LLﬁzﬂL%EJWNWﬁﬁENLMﬁ@Q (Crypt-
elytrops albolabris) aﬁﬁﬁluﬁwgmé'lﬁdauimg Juwoulwismn
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NANAY (immunogenicity) #ia PSNT uasdnswavag
#13%281aAuIU (immunological adjuvant)
wielidlafsenvnueatiymBes immunogenicity vos
PSNT 1in3dulél duaszviousiuseng 991nans PSNT igu PSNT
finsdeusefulusiiud iy tetanus toxoid, albumin #evhns
Feusorulag glutaraldehyde, carbodiimide “1a* SR 8
oS e lfidumsnszdulumynm Unnginouitusvesans PSNT
ynvianszduliynanieufiuafivie PSNT L6 axiiu s
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vant) Lﬁal,ﬁmﬁmzﬁué’mﬂﬁmamLLauauaa a3 adjuvant il
UszavBnmgannuaziisnangn Ae Freund’s adjuvant (FA) 3l
drunanvas mineral oil ez Mycobacterium tuberculosis Wl
g usl FA vl nduunauazfuilunss uwazeravilviihanels
avtiu Selaiuuzdlild A Tush waeddn wu aomuamnildld
bentonite 18y adjuvant efiuszansnamlunsnszsusi
PMNMIANIEITAY PSNT Tumuﬁunﬁﬂénblﬁwﬁuﬁwu
dﬂé’maiumm%wLLaua‘uaﬁ‘Lusvﬁumﬁutﬂumwmaaﬂmﬁ Fre-
und’s adJuvant widmnld bentonite axlinasziuLOURUORT
m:u’m auuu #19 PSNT mﬂ‘wwg Elapid oREY immunogenicity
717 usiiloa91nnsld adjuvant Alsivsngan nanlddsldosunify
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low volume multi-site immunization protocol’ Iﬂai%'ﬁwﬂmamﬁu
FA LLazaﬂiuU%mmﬂwgﬁﬁmm 9 (1-2 un ses) wazluuinims
fitfor (0.1 wa siege) Mvany 9 Mums 571 20 gaRUIAITEY
aovesh (osnnsliviunasivesluusazgedida saufenisly
annyUaonite SdlifinsinunauariluasSsanunsald FA Idegns
Yaendeluiin® Bnsaesenananunsavitlaegsiemenassinga
Tnelfidudnen tuberculin syringe Aisaudasiannd 1 vilvranunse
Aansedudi 20 ednSaldnieglu 2-3 Wil wavesdniseundielan
(WHO) sin38msstsnan Tuugthloigndneuuifugldvilan
31NN152ANTEAULIAET5 low dose, low volume
ulti-site Toeld FA fsndafidndn 2-3 Sadumsanfavilai Wy
ﬁ?LL%ﬂJﬁ@E{i"UEN dendritic cell &uTu antigen presenting cell 7i

fUsgansngan wavnsly FA a6 mycobacterium viutindi
\Ju danger signal mmmsduaﬂizﬁulﬁﬁ’]a%’mLLauauaaLﬁ'uﬁu
MsuUsEnsnsEdu 2 ua.oeniu 20 dw 9 ag 0.1 ua. Tilddaustas
n mﬂmwuwuwmsumaﬁﬂivmusuu 2. 4 Wi smmmJgamwuﬁmaﬂ
fiugfuwaduesszuugiidudiu famaiitefunsaiueuived
sioansiiy Inenafildifiudszansnmaasesisiligauds 4 wiheh
slinsadueufivefivesihmndituandsnigslinaUszana
8 o Windeiiies 6-8 dUam warldiuglunisdanseduinies
Yovay 10 vesUTinadfianuannnegld ilfaunsausevdn
Fuenfiuglédunuanndel venniihiflismovausenisdn
nseAuNN (100%) nfaeiivszanadesas 16 dmiunguidn
nszdusefiviszam’’ nsliviinafivgh q (1-2 Sadn3u/sh
400 nn.) yilrEALeURURAT affinity geannsaduiuansie
o™ wansifedvilFaomammannsondaesuud
#uguszny monovalent Aiagitwuasinglipgadiussavanm uag
ismeruaudesnisilulszmelne Snifsdsannsoddlunely
ssusznels uazidudedemilsiivinlisnsdinene antesasan
vaneduausieTauunlififidedinangiuin’ faudAauayisns
dwuunngluenasvesesdniseunsielan
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fisn: World Health Organization. Gwdetmes for the production, control and regulation of snake antivenom immunoglobulins™®
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Annszsuvindu wilunsddmlvguds wmeinlinsueliovesy
fifin* fleaunsaliiSnsdansedusne FA Sohlyindmmsuuify
7 (polyvalent AV) Tuld 2 vfslagldndnmsvesngueinis
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fapafumiuuiiugieszuulaiin (hematotoxic polyvalent AV)
Aofiuguinig, JWemnelniiviosndes uasgnsUs™ nswdnwsy
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Huafausn’ Ineluefngduanisguuifvgiomn vieifeurian
valandnassdneiusnniosiuieiifgitefivussamuas
wulafinluvaenifediu wilnade Ao

1. ms@ansziuihmeiivsesyuulszam naufufivsie
syutladinlvinalaif inszdhazasnglduiuienivlaingninseau
pifuRudefivUsTam inseiwsossuuladindanlvaueuluii
Hulsianalvg) ilvinszduueuduedlsgsnindeasivuszamis
Juluanain Jsensienisususeiugiauiu (potency) vy
saefiugia 2 ssuuliimngay

2. \fesmnemsnnfivlszamuazivlafiniiusng
Tuputheanunsousnuezeananiuegrestnay nsldeguuiivg
sussanuAii 2 suulumeonieaiudunsduudesnidu
fustefivgdnszuunileifioglueiunifivgm wazerilian
mammmeumﬂﬂsmm‘lﬂsmmwmu Bnvesnangety astu
AuAneuLAfeyTNdy q JeGuAsusnlduuims syndromic
approach lun1sHanwguuATivTI
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fawfhanuanauaggnaneiuuifivgilanazudn
wiuuAiegs (polyvalent AV) senanlidedinafiluudinissnm
Frheilidemuviavesyiiia winisdnnsedushsnefivging |
wnfiu 4-5 wiednlinalaf iszdlasunisnseuainuauiiou
wnanevaedesvialufivgusassiin Fomnid dnadeddld
wnAnuaznaaesismslminilunsuanesuuifvgvianseu
dn3a (universal AV) lagldign1snsedusimeansiesiuang
NwUszamununeviaessiie (diverse toxin repertoire) 1annis
winma aunfguuasssazndeaveansdanseduihilatunnglu
ysans? Beagudn ndeyaiiugiusng 9 waneh ssuugiduiy
Yodnilul dauaunsaadaweufvefuInuevate iUy
vinluwsiaguifisanefiazfuiuazshanefivuesansiiy PSNT
ynlnanafindnangiwlszanmnadaiiilulan asdu Suhms
VARIAANTEAUINNIY AT RHETINIINIAWUTEAMIININEVA1YY
wiin (diverse toxin repertoire) Hau3IN)IATLIUAVDA
ilagne o fannsauivgroszuudszamlsodisies 36 wia
911 28 species Tu 10 genus finulund 20 Useinaves 4 nivin
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unarwildmunuamunnvenissinieiunifvg
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AnANIINUIENIA

Tnssmidevesidelasumadennumivendeuing aos
NFIUNMTITOUNIVIA amy. USAID uae an1dwidequnnsel §3deve
YoUNTEARL A0S Wit AndsnanlA Ang. ang 333 A u. dnAde
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Auuzihlunsyidsluh fifeveveunuiindnwuazinided
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