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SNAKEBITE

How climate change is reshaping India’s snakebite crisis

Nearly half the world’s snakebite deaths happen in India. Now, climate change is pushing a neglected
crisis into a dangerous new phase. Rupsa Chakraborty reports

Rupsa Chakraborty health journalist

In September 2025 Manju Prakash, a 41 year old
software engineer in Bengaluru, slipped on his Crocs
to step outside. A juvenile Russell’s viper, one of
India’s deadliest snakes, had coiled inside one of his
shoes. Prakash, who had lost sensation in one leg
from an earlier surgery, never felt the bite. An hour
later his family found him unresponsive with froth
at his mouth. He was declared dead on arrival at the
hospital.

The incident made national headlines across India.
Snakebite has long been regarded as a problem
confined to remote villages and Prakash’s death in a
semi-urban neighbourhood of India’s Silicon Valley
challenged that notion.

When flooding swept through Bengaluru in 2022 after
131.6 mm of rainfall in a single day, venomous snakes
surfaced inside Electronic City’s technology
campuses.

“During the flooding, even the IT companies had
snakes in their campuses and offices—something that
had been unheard of,” says Nagaraj, an
anaesthesiologist at Srinivasa Hospital in Bangalore.
“Ambulances were stationed at the tech parks for
nearly three days while snakes were being rescued.”

Over 1500 km away in central Chhattisgarh, the shift
is more dramatic. Yogesh Jain, a public health
physician and founder of the Jan Swasthya Sahyog
community health programme, has watched the
snakebite season stretch from May into December,
when it was once limited to the monsoon months of
July to September.

“There are clearly pointers to the fact that things are
changing,” Jain says. “And by the time we actually
start seeing the trend, it’s too late.”

These observations align with what climate science
predicts. Rising temperatures extend the number of
months snakes remain active, while altered monsoons
flood their burrows and force them into human
settlements. Drought shifts rodent behaviour, too,
drawing snakes into homes. And warming is opening
previously cooler regions in the Himalayan foothills
and north east to species once confined to the plains.

Warming and the biology of risk

India is home to more than 700 reptile species, with
almost half unique to the country. Among them are
285 snakes, of which more than 40 are terrestrial
venomous species belonging mainly to the Elapidae
and Viperidae families.
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A 2024 global modelling study covering 209 medically
relevant venomous snake species warned that the
ecological sensitivity of these ectotherms makes
climate change profoundly consequential for
snakebite, particularly in South and South East Asia,
where vulnerability is already high."

The study projected that climate change will drive a
substantial redistribution of these species by 2070,
with Asia facing the highest rates of snake habitat
migration, and countries such as Bangladesh, India,
and Nepal facing increased vulnerability.

A separate 2025 study found that under a high
emissions scenario, suitable habitats could shrink
dramatically. The Russell’s viper was projected to
lose up to 80% of its current range, and the common
krait over 50%, by 2080.

But the threat doesn’t disappear, it migrates. The
study projects that northern and north eastern states,
including Assam, Manipur, and Rajasthan, will face
sharply increased risk as snake habitats shift into
new cropland and urban areas where healthcare
infrastructure and lack of effective antivenom access
remain weakest.”

“Warmer night temperatures and shifting rainfall
patterns may extend the thermally suitable activity
window for snakes, especially in the case of those
species that are active at twilight or night,” says
Kartik Sunagar of the Indian Institute of Science
(11Sc), Bengaluru, whose laboratory has researched
venom variation across India. “This could result in
longer active seasons, affect daily activity patterns,
and see a shift towards synanthropic habitats where
prey remain plentiful.”

Rain—and rats

Ashish Kumar Jangid, of the Wildlife Institute of
India, modelled venomous snake hotspot shifts across
India. His team’s study found that precipitation
related variables played a more dominant role than
temperature in predicting where venomous snake
centres are likely to persist or shift under future
climate scenarios.

The study also projected that the “big four” species
responsible for most snakebite deaths (the Indian
cobra, common krait, Russell’s viper, and saw scaled
viper) will collectively see more range expansion than
contraction by 2070, with snakebite risk increasing
in northern and north eastern India.3

“The process is less a simple warming effect and more
a combined hydrothermal suitability response,”
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Jangid says. Altered monsoon timing, changes in rainfall
seasonality, and shifts in moisture regimes all affect snake
behaviour, refuge quality, and prey availability.

“In contraction zones, other venomous species may become locally
dominant and we may see biotic homogenisation where disturbance
tolerant and ‘generalist’ species that can occupy a large range of
habitats replace ‘specialists.” From a clinical perspective, this
matters because species composition directly influences bite
characteristics and antivenom effectiveness,” he adds.

Jain also points to an overlooked chain of cause and effect.

In rural India, millions live in kaccha houses with earthen floors
and no cement walls. Rats enter these homes for stored grain, and
snakes follow the rats. Drought, crop failure, and flooding alter the
behaviour of rodents and force families into closer quarters with
snakes.

Climate modelling supports his observation. Disturbance tolerant
species like the saw scaled viper and Indian cobra, which already
thrive near human settlements, are projected to expand further
across irrigated farmland, putting them in ever closer contact with
the communities most exposed.

The antivenom mismatch

As climate change reshuffles where snakes live and what venom
they carry, India’s treatment system faces a parallel crisis.

The country manufactures a single polyvalent anti-snake venom

designed to work against the big four. Almost 80% of the venom

used for the production comes from the Irula serpentariums near
Chennai in Tamil Nadu.

In practice, this means that the antivenom administered for
snakebite across India is based on the venom profile of snakes found
in a small corner of southern India.

A report released by Strike Out Snakebite, a global initiative
launched in 2025 to drive progress towards the World Health
Organization’s goal of halving snakebite deaths and disabilities by
2030, surveyed 904 healthcare workers across five high burden
countries.

The report found that 99% of Indian respondents reported
challenges in administering antivenom, the only WHO listed
essential medicine for snakebite. Of all respondents, 60% said their
facilities lack full capacity to treat snakebite, while 23% said they
face daily antivenom shortages, and 47% reported poor
infrastructure and inadequate equipment.

Venom landscapes worsened by climate emergency

Climate change threatens to deepen this mismatch. As the climate
shifts, so do the ranges of clinically important snake species, and
with them what scientists call their “venom landscapes.”

Sunagar’s research at IISc, conducted over more than five years,
has also documented dramatic geographic variation in venom
composition across India’s medically important species, driven by
bioclimatic factors. His team found antivenom ineffective against
the common krait from north India, one of the big four, and
documented important venom differences between monocled cobra
populations in West Bengal and Arunachal Pradesh.

Changing climate conditions will further drive these alterations.
“Populations with particular venom profiles may expand into areas
where the available polyvalent antivenoms were designed for
entirely different regional populations, while some locally important
venom types may contract or become fragmented,” says Sunagar.

“This widens the geographic gap between the antivenoms on the
market and the venoms actually seen in patients, with alarming
consequences for neutralisation efficacy, dosing, and complication
rates.”

The consequences show up in hospitals and homes across the
country. Some 24 km from Pune, in the western state of Maharashtra,
65 year old Bhagubhai Bhagwat was bitten by a venomous snake
while working in her field. She was rushed to two district hospitals
and given antivenom at both. It did not work. After 15 days, the bite
wound developed necrosis.

Sadanand Raut, who serves on the WHO roster of experts on
snakebite envenoming, says that the antivenom failed to neutralise
phospholipase A2, a destructive enzyme in the snake’s venom that
breaks down cell membranes and muscle tissue.

Bhagwat survived, but she can barely walk. Snakebites annually
cost India’s citizens the equivalent of three million disability
adjusted life years in lost health and productivity.*

Where four to five vials of antivenom once sufficed, clinicians now
report administering 20 to 30 vials with diminishing returns.

Dayal Bandhu Majumdar, a national technical adviser on snakebite,
describes the crucial differences and consequences. “Sometimes
we have to administer nearly 30 vials of antivenom to save the
patient, but the kidneys are affected and the patient then becomes
dependent on dialysis for the rest of their life,” he says, explaining
that the venom of the eastern Russell’s viper attacks kidney function
while the same species in western India can cause respiratory
paralysis.

Omesh Kumar Bharti, state epidemiologist of Himachal Pradesh,

says that the polyvalent antivenom only works in 60% of snakebite
cases in the state. “In Solan district, where Himachali cobra bite is
most common, the antivenom doesn’t work at all,” he tells The BMJ.

New tech still far from clinic

Promise lies in emerging antivenom technologies that have made
newspaper headlines. But they remain far from reaching Indian
patients.

Andreas Laustsen-Kiel, from the Technical University of Denmark,
has developed an antivenom using proteins derived from llamas
and alpacas that may work against many different snakes at once.
A 2025 study showed that combining eight of these nanobodies
protected mice from the venom of 17 out of 18 deadly African snakes
tested.”

Laustsen-Kiel says that an Indian version is being developed with
Sunagar at the IISc, with a paper currently under review. Securing
funding for clinical trials remains the main barrier, he says.

India has no indigenous recombinant antivenom approaching
clinical trial. Sunagar tells The BMJ that his team has struggled to
secure clearances from the Ministry of Environment and Forests to
collect venoms essential for developing better treatments.

Sunagar’s laboratory has developed a synthetic antibody that
neutralises neurotoxins from monocellate cobras, multibanded
kraits, and black mambas.? His team has also developed broadly
neutralising small molecule inhibitors effective across Indian
populations of spectacled cobra, king cobra, and monocellate cobra,
alongside compounds derived from plants that can counter
snakebite induced mortality and morbidity.

The work is yet to be published, but Sunagar is excited by the
prospect. “Because these approaches primarily target evolutionarily
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conserved regions, their effectiveness is unlikely to be compromised
by climate driven changes in snake ecology or venom variation,”
he tells The BMJ. “In my view, the single most important long term
priority is to develop highly effective, broadly neutralising antidotes
to snake venoms that can be delivered safely and rapidly in low
resource settings.”

An emergency the system cannot count

Despite being called “the world’s snakebite capital”—a nationally
representative mortality study estimated that 1.2 million Indians died
from snakebite between 2000 and 2019, an average of 58 000 a

year>—India still has no functional system to count those affected.

A 2025 survey covering 60 million people across 11 states found a
mortality rate of 0.33 per 100 0oo population, with nearly half of reported
deaths occurring outside hospitals.

Even for those who reach medical care, treatment is far from
straightforward. Among patients who received antivenom, 17.2%
experienced adverse reactions.

And care comes at a price—the average out-of-pocket expenditure was
Rs6500 (£52; €60; $70), rising sharply to Rs27 400 in private hospitals
compared with Rs3900 in public facilities.®

Government data submitted to the Indian parliament tell a story of
underreporting. The integrated disease surveillance programme recorded
61 997 snakebite cases in 2022, rising to 86 286 in 2023 and 100 065
in 2024.

Yet the deaths recorded against these numbers were strikingly low—just
47in 2022, 183 in 2023, and 370 in 2024—and magnitudes away from
the tens of thousands estimated by epidemiological studies.
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