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Snakebite envenoming has been designated by the World Health
Organization (WHO) as a neglected tropical disease, responsible
for over 100,000 deaths and more than 300,000 cases of perma-
nent disability annually. The burden is especially pronounced in
Southeast Asia, sub-Saharan Africa, India, and Latin America’.
Despite this, current clinical management still relies on polyclonal
antivenoms derived from hyperimmunized animals—a century-
old technology first introduced in the 1890s. These sera suffer
from major limitations, including species specificity, high immu-
nogenicity, protein impurity, short half-life, and cold-chain
dependence, all of which hinder their global accessibility and
therapeutic efficacy™>.

In a recent Cell publication, Glanville et al.* proposed a
structure-guided, mechanism-based strategy for broad-spectrum
snakebite therapy. By combining two recombinant human mono-
clonal antibodies with a small-molecule PLA, inhibitor. This
combinatorial therapy conferred unprecedented protection against
venoms from 19 medically important elapid species in preclinical
models, including cobras, kraits, mambas, and taipans®. Fig. 1
summarizes the global challenge of elapid envenoming, the mo-
lecular targets and therapeutic mechanism, and the envisioned
strategy for modular, globally deployable antivenoms. This work
lays a solid foundation for developing a universal, recombinant,
and modular antivenom platform.

1. Venom complexity and the case for conserved epitope
targeting

Snake venoms are complex biological mixtures composed of
proteins and small molecules with diverse toxic activities. These
include neurotoxins (e.g., 3FTX), cytotoxins, phospholipases A,
(PLA,), and metalloproteinases (SVMPs), which collectively
disrupt synaptic transmission, damage cellular membranes, and
interfere with coagulation pathways®. Among them, long-chain
(LNX) and short-chain (SNX) 3FTX neurotoxins act by compet-
itively binding to nicotinic acetylcholine receptors (nAChRs),
rapidly inducing neuromuscular paralysis.

Traditional antivenoms are largely ineffective across species
due to high venom variability. Instead of targeting this diversity,
Glanville’s strategy focused on exploiting evolutionary conserva-
tion. By identifying functionally essential, conserved epitopes
shared across diverse 3FTX isoforms, the authors designed
broadly neutralizing antibodies (bnAbs) capable of cross-species
neutralization.

2. Antibody discovery from a hyperimmune individual

The authors screened memory B cells from a unique human donor
who had undergone over 850 self-immunizations with diverse
snake venoms. A combinatorial panning approach using venoms
from black mamba, taipan, cobra, and krait led to the identifica-
tion of two potent bnAbs:

o LNX-D09, targeting long-chain 3FTX (LNX), and
o SNX-B03, targeting short-chain 3FTX (SNX).

X-ray crystallography revealed that LNX-D09’s CDR-H3 loop
mimics the “loop C” of nAChR, allowing it to directly block the

Peer review under the responsibility of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical Sciences.

https://doi.org/10.1016/j.apsb.2025.05.019

2211-3835 © 2025 The Authors. Published by Elsevier B.V. on behalf of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese
Academy of Medical Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



A triple-synergy strategy to reshape antivenom therapy

3825

i PLA2
" phospholipase A2s LNXs

CTXs

snake venom metalloproteinases Global

Break
Protective Cocktail

LNX-D09 SNX-B03

SN

Varespladib

o

Western green mamba Javan spitting cobra
(0. vricis) tatrix)

(N. sput
100 a ) s
N I
%
®

'
'

'

'

'

'

'

'
s 1000 1500 %0 1000 150
Time (minute) Time (minute) :
'

'

'

'

'

'

'

'

% Survival
g

= Venom
== Venom + D09

= Venom + varespladib
== Venom + D09 + varespladio

L == Venom + D09 + varespladib + B03
560 1000 1800 mm Venom +BO3
e (minute)

I long-chain neurotoxins

~ toxins >
cytotoxins SNXs
a ‘,.‘\ \ short-chain neurotoxins
taipan © '/
SVMPs

Challenges: : Strategies

throughs | significance
2 4

Toward programmable, on-demand biotherapeutics

Epitope prediction
via AlphaFold

In vivo mRNA Synthetic biology
expression of 5

Future

vt

Strategic *

From Bench to Global Markets

¢ Mechanism-based therapeutic ¢ Programmable ¢ Scalable

Figure 1

Schematic illustrating a strategy for developing broad-spectrum antivenoms. The approach combines two recombinant human

monoclonal antibodies—LNX-D09, targeting long-chain neurotoxins (LNXs), and SNX-B03, targeting short-chain neurotoxins (SNXs)—with the
phospholipase A, (PLA,) inhibitor varespladib to achieve robust protection against medically important elapid venoms. This mechanism-based,
serum-free strategy exemplifies the future of programmable, scalable, and globally deployable antivenoms. Reproduced with permission from

Ref. 4. Copyright © 2025 Elsevier.

toxic interface. SNX-B03 employs a similar receptor-mimicking
mechanism®. Notably, LNX-D09 shares high structural similarity
with 95Mat5, a previously described antibody identified via yeast
display*®. While 95Mat5 was derived from an in vitro synthetic
antibody platform, LNX-D09 was isolated from a hyperimmune
human donor with documented elapid exposures, highlighting
two distinct yet convergent discovery paths toward targeting
structurally conserved toxin epitopes. The use of hyperimmune
donors enables access to affinity-matured, in vivo-selected anti-
bodies with proven immunogenicity in humans—potentially
enhancing developability and clinical translation. These findings
suggest convergent evolution toward structurally conserved toxin
hotspots and validate the feasibility of targeting “toxicity cores”
that are critical for venom function and resistant to evolutionary
drift.

3. Triple-synergy strategy: Combining antibodies and small
molecules

While 3FTXs are major lethal components, they are not the sole
contributors to venom toxicity. In species such as taipans and tiger
snakes, PLA, enzymes constitute a significant proportion of
venom activity. To address this, the authors incorporated vares-
pladib, a potent small-molecule PLA, inhibitor with broad-
spectrum efficacy*. Combining LNX-D09 with varespladib pro-
vided effective neutralization against most venoms tested. How-
ever, certain species with SNX-dominant toxicity (e.g., green
mamba, krait) required the addition of SNX-B03 for full

protection. The resulting three-component cocktail—LNX-D09,
SNX-B03 and varespladib—achieved either complete survival or
significant survival extension in mice exposed to venoms from all
19 elapid species prioritized by WHO?. Taking the Common Krait
Venom as an example, it caused 100% lethality after 3 h. The
combination of LNX-D09 and varespladib improved treatment
efficacy, resulting in 20% survival of mice. However, including
SNX-B03 along with LNX-D09 and varespladib resulted in full
protection (100% survival rate). Similarly, Eastern brown snake
venom was 100% lethal after 2 h. Compared with LNX-D09 alone
(extended survival of 40% mice to 6 h) and varespladib alone or
with LNX-D09 (extended survival of 100% mice to 6 h), the three-
component mixture, however, resulted in a 7.6-fold survival
extension, with 40% mice surviving over 20 h.

4. Toward clinical translation: Modular antivenom redefined

While therapeutic monoclonal antibodies (mAbs) have revolu-
tionized modern medicine, they often entail high development
costs, complex purification processes, and temperature sensitivity,
necessitating cold chain logistics and increasing overall deploy-
ment costs. Compared with animal-derived sera, recombinant
human antibodies offer several advantages: reduced immunoge-
nicity, longer half-life, reproducibility, and scalability. Fc-region
engineering can further optimize pharmacokinetics and enhance
effector functions. The all-recombinant nature of this triad strat-
egy also eliminates batch variability and contamination risks
associated with serum-based products.
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The authors propose this combination as a modular antivenom
platform. As venom composition varies across regions and spe-
cies, additional antibodies targeting SVMPs or procoagulant en-
zymes can be incorporated to expand coverage—particularly
toward viperid snakes. Such adaptability paves the way for
globally deployable, precision-designed antivenoms”.

5. Future perspectives: Al, synthetic biology, and mRNA
technologies

The future of antivenom development is likely to be shaped by
advances in Al-driven protein design, bioengineering, and new
delivery platforms. Tools like AlphaFold and RosettaFold enable
rapid identification of conserved toxin epitopes and in silico
antibody optimization. Nanoparticle-based delivery systems may
improve tissue targeting and pharmacokinetics.

mRNA-based antibody expression systems offer another
transformative opportunity. Encoding bnAbs in mRNA may
enable in vivo production of neutralizing antibodies, allowing for
rapid, on-demand protection in snakebite-prone or resource-
limited areas’. Together, these innovations are driving antivenom
therapy toward a programmable, scalable, and mechanism-based
therapeutic paradigm.

6. Conclusions

The study by Glanville et al.* represents a paradigm shift in
snakebite therapy. By integrating structural immunology, cross-
species antibody discovery, and small-molecule synergy, the au-
thors challenge the century-old model of animal-derived, species-
specific antivenoms. Their strategy exemplifies the principles of
next-generation biotherapeutics: precision, modularity, scalability.

Beyond scientific innovation, this work holds tremendous
public health value. In regions with high snakebite incidence and
limited healthcare infrastructure, a recombinant, stable, and broad-
spectrum antivenom could dramatically reduce mortality and
disability. As synthetic biology and precision pharmacology
continue to evolve, the vision of a universal antivenom is rapidly
transitioning from possibility to reality.
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