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ABSTRACT

Background: Snakebite envenomation is a neglected tropical disease causing 
substantial mortality in India, with an estimated 58,000 deaths annually, roughly 
half of global snakebite deaths. Important uncertainties remain regarding 
regional�venom�variation,�species�speci𿿿c�antivenom�requirements,�healthsystem�
performance, economic burden, and effective community level interventions.
Objectives: To systematically evaluate, the epidemiology and geographic 
distribution of snakebite envenomation in India and globally; clinical features, 
complications, and mortality associated with major venomous species; antivenom 
therapy�practices,�ef𿿿cacy,�dosing,�and�adverse�reactions;�emerging�innovations�in�
snakebite management; and gaps in policy, public health response, and research 
priorities.
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Data sources: PubMed, Embase, Scopus, Web of Science, Google Scholar, and 
IndMed were searched from January 1990 to October 2025; reference lists of 
included articles and relevant reviews were also screened.
Study eligibility criteria: Eligible studies were peer reviewed human research 
from India or neighbouring South Asian countries, including randomized and 
non randomized trials, cohort studies, crosssectional studies, and case series with 
at least 20 patients, reporting data on epidemiology, venom composition, clinical 
features, treatment, outcomes, costs, or community knowledge related to snakebite 
envenomation; single case reports, non peer reviewed opinions, and studies with 
unclear methods or incomplete outcome data were excluded.
Study appraisal and synthesis methods: Two reviewers independently screened 
titles/abstracts and full texts and extracted data using a standardised form; 
disagreements were resolved by discussion or a third reviewer. Methodological 
quality was assessed using Joanna Briggs Institute critical appraisal tools 
appropriate to study design, with studies scoring at least 7/10 considered 
acceptable for quantitative synthesis. Random effects meta-analysis was used to 
pool�treatment�outcomes�and�mortality,�heterogeneity�was�quanti𿿿ed�with�I²,�and�
subgroup analyses explored the effects of snake species, geographic region, and 
time from bite to antivenom administration; funnel plots and Egger regression 
were used to assess publication bias.
Results: Of�1,967�records�identi𿿿ed,�100�studies�met�the�inclusion�criteria�and�85�
contributed data to metaanalysis. Cobra venom potency varied approximately 3.6 
fold across India (lethal dose 0.35–1.25 mg/kg), paralleling regional differences in 
respiratory failure from 77% in northern India to 22% in southern India. Across 
1,847�patients�with�species�con𿿿rmed�bites,�mean�antivenom�use�was�8.9�±�3.3�vials�
for cobras, 18.3 ± 6.8 for kraits, and 12.1 ± 4.5 for Russell’s viper, with krait bites 
showing markedly lower treatment success (41%) than cobras (94%). Each hour of 
delay from bite to antivenom administration reduced treatment success by about 
3.2 percentage points, and national economic losses were estimated at `45–120 
billion�annually�when�direct�and�indirect�costs�were�combined.�Misidenti𿿿cation�
of snake species occurred in 20–30% of cases and was associated with about 
2.5% absolute excess mortality due to inappropriate dosing, while emerging 
recombinant antivenoms and monoclonal antibodies remain at least 10–15 years 
away from widespread clinical use.
Limitations: Most evidence came from retrospective hospital based studies in 
a limited number of high burden states, with sparse data from Northeast and 
Central India, limited longterm disability outcomes, and heterogeneity in outcome 
de𿿿nitions�and�economic�methods.
Conclusions: Snakebite mortality in India is driven less by venom potency than 
by�modi𿿿able�healthsystem�and�community�factors,� including�delayed�access�to�
antivenom,�non�species� speci𿿿c�dosing,�and� frequent�misidenti𿿿cation�of� biting�
species.�Immediate�priorities�are�region�and�species�speci𿿿c�treatment�protocols,�
reliable� antivenom� supply� at� 𿿿rst� contact� facilities,� and� scalable� training� for�
village�health�workers�and�clinicians,�while�future�research�should�re𿿿ne�regional�
venom characterization, update economic estimates, and evaluate digital and 
communitybased interventions.
Registration: PROSPERO CRD420251168454.
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INTRODUCTION
Every year in India, roughly 1.2 million people 
are bitten by snakes, and about 58,000 of them 
die. Most of these deaths happen in rural areas 
among farmers and labourers. The problem is 
so widespread that it has been called India’s 
hidden epidemic. In 2017, the World Health 
Organisation recognised snakebite as an urgent 
priority; yet, many hospitals still lack reliable 
treatment, villages lack knowledge about what 
to do,and researchers have not clearly mapped 
out what works best.1-4

To address these gaps, this review 
systematically evaluated the available 
studies using standardised Joanna Briggs 
Institute (JBI) critical appraisal tools,5 to 
ensure that conclusions are grounded in 
methodologically6,7 robust evidence. The 
traditional view holds that four main snakes 
cause most problems in India: Russell’s viper 
(which affects blood), saw-scaled viper (which 
also affects blood), Indian cobra (which causes 
paralysis), and common krait (which causes 
paralysis at night). Recent research shows 
other snakes also cause serious bites, and more 
importantly, the venom of the same species 
varies dramatically across different parts of 
India. Cobra venom in northern India is much 
more potent than southern cobra venom. 
Russell’s viper from the Western Ghats causes 
much more blood clotting problems than 
Russell’s viper from other regions. These 
differences mean a treatment dose that works 
in one area might not work in another.8,9

We do not have clear guidance on how 
much antivenom each type of snake bite really 
needs.8-14 Current guidelines often say “give 10 
vials” regardless of whether the patient was 
bitten by a cobra or a krait, yet we know from 
hospital records that kraits need much more. 
Beyond treatment, we lack solid numbers on 
what snakebite truly costs families. Hospital 
bills are only part of the story; we rarely 
account for weeks of lost wages, transportation 
to distant hospitals, or the fact that some 
patients lose limbs and cannot work again. 
The economic reality facing patients and rural 
areas is much bigger than what current cost 
estimates suggest. 

Finally, doctors and patients often cannot 
identify which snake caused the bite, and this 
misidenti𿿿cation� leads� to� wrong� treatment�
choices and 2.5% of preventable deaths.15-35 
This review tackles all of these gaps. We 

looked at every quality study published on 
India’s snakebite problem from 1990 onward, 
pulled out the key facts, and organised them 
into�ten�speci𿿿c�areas�where�we�needed�better�
answers. The result is a clear picture of what 
we know, what we need to know, and what we 
should do next to save more lives.

REVIEW METHODS

Study design and registration
This study is a systematic review with analysis 
conducted in accordance with the PRISMA  
(Figure 1) 2020 statement.14 The protocol was 
registered in PROSPERO (CRD420251168454). 
The� registered� protocol� speci𿿿ed� searches�
(Figure 1); the review team extended the search 
to October 2025 to capture rapidly emerging 
evidence on snakebite envenomation in India, 
a deviation implemented by consensus to 
improve completeness of the evidence base.

Eligibility criteria 
Eligibility� criteria� were� de𿿿ned� using�
a Population Exposure/Intervention 
Comparator Outcome Study design (PICOS) 
framework.

Population: Humans of any age or sex with 
clinically� or� laboratory� con𿿿rmed� snakebite�
envenomation from India or neighbouring 
South�Asian�countries�as�de𿿿ned�in�the�protocol.

Exposures / Interventions: Snakebite 
envenomation, venom composition or toxicity 
studies, antivenom (polyvalent or monovalent) 
treatment, supportive therapies, and community 
level�𿿿rstaid�or�prevention�practices.

Comparators: Geographic regions (e.g., 
North, Central, South, Northeast India), 
different snake species, varying treatment 
regimens or time to antivenom administration, 
and settings with differing healthsystem 
characteristics when reported. Figure 3 

Outcomes:
Primary outcomes: mortality; severe 
complications (e.g., acute kidney injury, 
respiratory failure, major haemorrhage); 
antivenom requirements (number of vials) 
by� species;� and� treatment� success� de𿿿ned� as�
clinical resolution of systemic envenomation.
Secondary outcomes: venom potency (e.g., 
lethal dose), venom toxin composition, time 
from bite to antivenom administration, 
recovery time, adverse reactions to antivenom, 
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economic costs (direct and indirect), snake 
species�misidenti𿿿cation�rates�and�attributable�
mortality, and community knowledge and 
𿿿rstaid�practices.
Study designs: Randomized and 
nonrandomized controlled trials, prospective 
and retrospective cohort studies, crosssectional 
studies, and case series with at least 20 patients 
were eligible. Systematic reviews were used 
for contextual comparison but not included in 
quantitative synthesis.
Setting and time frame: Studies from hospital, 
clinic, or community settings published in peer 
reviewed journals between January 1990 and 
October 2025 were considered.
Language: Only articles published in English 
were included because of resource constraints; 
this may introduce language bias.

Single patient case reports, non peer 
reviewed opinions or editorials, conference 
abstracts without full reports, studies with 
unclear methodology or irretrievable outcome 
data, and purely animal or invitro experiments 
without clinical correlation were excluded.

Information sources
Electronic searches were conducted in 
PubMed, Embase, Scopus, Web of Science, 
Google Scholar, and IndMed (Indian Index 
Medicus) from January 1990 to October 2025. 
Additional sources included reference lists of 
included studies and relevant reviews, and 
citation� tracking� of� key� studies� identi𿿿ed�
in PROSPERO and major bibliographic 
databases. The PROSPERO protocol also 
speci𿿿ed� CENTRAL� and� MEDLINE;� these�
were accessed through the PubMed and 
Embase platforms used for this review.

Search strategy
A comprehensive search strategy combining 
controlled vocabulary and free text terms 
related to snakebite, envenomation, antivenom, 
India, clinical outcomes, and economic burden 
was developed with input from a medical 
librarian and adapted for each database. 
Core concepts included “snakebite” OR 
“snake bite” OR “envenomation”, combined 
with geographical terms (“India” OR “South 
Asia”), venom characteristics (“venom” 
AND “regional variation” AND “toxicity”), 
treatment (“antivenom” AND “dose” AND 
“ef𿿿cacy”� AND� “species”),� economic� impact�
(“snakebite” AND “cost” OR “economic 

burden”),� and� misidenti𿿿cation� (“species�
misidenti𿿿cation”� AND� “mortality”).� The�
full PubMed search strategy, including MeSH 
terms,� Boolean� operators,� and� 𿿿eld� tags,� is�
provided� in� a� supplementary� 𿿿le� and� was�
used as the template for other databases. No 
date limits were applied within the 1990–2025 
frame,�and�𿿿lters�were�not�used�to�pre�restrict�
study design.We looked for studies published 
in English about snakebites in humans, venom 
composition, treatment outcomes, costs, and 
prevention.

Study selection
Two reviewers independently screened all 
results. We included original research studies 
(cohort, case control, surveys) with at least 
20 patients, case series describing clinical 
features or outcomes, studies from India with 
comparisons to global data when available, 
reports on venom composition, treatment 
response, costs, or community knowledge, 
and quality peer-reviewed publications from 
1990-2025. We excluded single case reports, 
non-peer-reviewed opinions, and studies with 
unclear methods or incomplete data.

Data extraction
Two reviewers independently extracted 
information using a standard form that 
captured, study details (type, location, year, 
number�of�patients),� snake�species� identi𿿿ed,�
clinical features and outcomes, venom 
composition data where available, treatment 
details and response, costs and economic 
information, knowledge and practice data 
from communities. We resolved disagreements 
by discussion or consultation with a third 
reviewer.

Quality Assessment
The� PROSPERO� protocol� prespeci𿿿ed� use�
of Cochrane RoB2 and Newcastle Ottawa 
tools; however, almost all included studies 
were observational cohorts, crosssectional 
surveys, or case series, for which the Joanna 
Briggs Institute (JBI) critical appraisal tools[5] 
are� speci𿿿cally� designed.� By� consensus,� the�
review team therefore used JBI checklists 
appropriate to each study design, representing 
a protocol deviation that better matched 
the available evidence. Two reviewers 
independently assessed each study across 
domains such as sampling, ascertainment 
of exposure and outcomes, confounding, 
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followup completeness, and statistical analysis; 
disagreements were resolved by discussion or 
a third reviewer. Studies were scored from 0 
to 10, and categorised as high quality (7–10), 
moderate�quality�(5–6),�or�low�quality�(<5).�Risk�
of� bias� 𿿿ndings� are� summarised� in� tables� and�
𿿿gures,� and� sensitivity� analyses� were� planned�
excluding lowquality studies from quantitative 
synthesis. Studies scoring 7 or higher out of 10 
were considered acceptable quality.

Statistical Methods
We combined results from multiple studies 
using meta-analysis, which accounts for 
differences�between� studies.�We� calculated� I²�
values to measure heterogeneity6 (how much 
studies differed). We used forest plots to 
display results. For potential bias, we created 
funnel plots and used Egger regression7 to 
test for asymmetry. We performed subgroup 
analyses by region, species, and time to 
hospital to understand sources of variation.
For binary outcomes (e.g., mortality, 
complications, treatment success, 
misidenti𿿿cation-related�mortality),�risk�ratios�
(RRs)� with� 95%� con𿿿dence� intervals� (CIs)�
were calculated or extracted. For continuous 
outcomes (e.g., number of antivenom vials, 
time to treatment, costs), mean differences 
(MDs) or standardised mean differences 
(SMDs) with 95% CIs were used, depending 
on comparability of measurement scales. 
When odds ratios were the only reported 
effect measure, these were converted to risk 
ratios using baseline risks where feasible. A 
subgroup� analyses� included� strati𿿿cation�
by snake species (cobra, krait, Russell’s 
viper, other), geographic region (North, 
Central, South, Northeast India, and global 
comparators), time from bite to antivenom 
administration� (<3� hours,� 3–6� hours,� >6�
hours), study design (prospective vs. 
retrospective vs. crosssectional), and study 
quality (high vs. moderate/low JBI score). For 
outcomes� with� insuf𿿿cient� homogeneity� or�
data for pooling (e.g., community knowledge, 
speci𿿿c� economic� components,� some� venom�
composition�data),�𿿿ndings�were�synthesised�
narratively with structured tabulation.

RESULTS
Search Results and Study Selection: The search 
of� 𿿿ve� databases,� PubMed,� Embase,� Scopus,�
Web of Science, and Google Scholar/IndMed 

identi𿿿ed�1,967�records.�After�removal�of�532�
duplicates, 1435 records were screened at 
title and abstract level. Of these, 700 reports 
were sought for full-text review. All 700 full-
text articles were retrieved and assessed for 
eligibility, and 600 were excluded for the 
following� reasons,� sample� size� <� 20� patients�
(n�=�287),�no�clinical�outcome�data� (n�=�156),�
duplicate� data� (n� =� 89),� and� incomplete�
methodology�(n�=�68).�A�total�of�100�studies�met�
the inclusion criteria and were included in the 
qualitative synthesis, of which 85 contributed 
data to the meta-analysis.

Figure 1: PRISMA flow diagram

Following the inclusion and exclusion 
assessment, 100 studies met our criteria. Table 
1 shows this process.15-70

The big picture: who gets bitten and when
India records about 58,000 snakebite deaths 
annually.1-4,13 Roughly 160 people each day.1-

4 Most victims are men aged 20 to 50 years 
who work outdoors in agriculture.15-18,50-53 
Death rates vary widely50-52 from 5% in 
cities with good hospitals to 40% in remote 
villages. Most bites happen during the rainy 
season (June-October) when snakes are more 
active�and�farmers�are�working�in�𿿿elds.18,19,22 
Maharashtra, Uttar Pradesh, and Bihar account 
for 45% of all snakebite deaths in India.20,21 The 
Western Ghats, Northeast India, and coastal 
plains have the highest bite rates because these 
regions have suitable snake habitats and active 
agricultural work.71-83
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Table 1: Characteristics of Included Studies

Characteristic India-based  
(n = 79)

Global  
(n = 21)

Total  
(n = 100)

Study design

    Prospective cohort 25 6 31

    Retrospective cohort 43 8 51

    Cross-sectional 16 4 20

����Case�series�(n�≥�20) 12 2 14

    Systematic review 4 1 5

Geographic region

    Western India 28 – 28

    Eastern India 22 – 22

    Southern India 15 – 15

    North-eastern India 8 – 8

    Central India 12 – 12

    Global comparative – 21 21

JBI quality score

����High�(≥�75%) 53 8 61

    Moderate (50–75%) 43 5 48

����Low�(<�50%) 4 2 6

JBI� scores� reflect� methodological� rigor;� N=100� studies�
total

How snake venom changes across india
This� is� one� of� the� most� important� 𿿿ndings�
from� our� review� (𿿿gure� 2):� Cobra� venom�
potency varies dramatically across India, with 
northern specimens proving 3.6 times more 
lethal than southern variants. Twelve studies 
demonstrate that cobra venom from Kashmir 
and the Himalayan belt exhibits a lethal dose 
(LD) of 0.35-0.45 mg/kg, while Deccan Plateau 
samples range from 0.50-0.65 mg/kg, and 
coastal Tamil Nadu and Karnataka venoms 
are least potent at 0.75-1.25 mg/kg.6,7,22-25 This 
regional gradient directly correlates with 
clinical outcomes, as northern neurotoxin-
dominant venom (35% neurotoxins, 40% 
hemotoxins) causes respiratory failure in 
77% of cases, whereas southern hemotoxin-
dominant venom (18% neurotoxins, 52% 
hemotoxins) produces mixed paralysis (45%) 
and coagulopathy (52%) presentations.

Why does this happen? 
The venom composition differs. Northern 
cobra venom contains 35% neurotoxin and 
40% hemotoxic toxins. Southern cobra venom 
contains only 18% neuro toxin and 52% 
hemotoxic substances. This explains why 
northern cobra bites cause paralysis (especially 
respiratory failure requiring mechanical 

ventilation) in 77% of cases, while southern 
cobra bites show a mix of 45% with paralysis 
and 52% with blood clotting problems.

Figure 2: Regional Venom Composition Variation

Clinical correlation: Northern neurotoxin 
predominant venom causes respiratory 
failure in 77% of cases; southern hemotoxin-
predominant venom causes mixed paralysis 
(45%) and coagulopathy (52%) presentations.

Russell’s viper also shows regional variation. 
The high-risk zones (Western Ghats, East India) 
have 2.5 times more hemotoxins than northern 
dry regions. This directly explains why 65 to 
75% of patients in high-risk zones develop 
severe blood clotting problems compared to 
only 35-45% in the other zones.26-29

Figure 3: Regional Venom Variability Scatter plot 
correlating regional
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Lethal dose (LD) (mg/kg), with respiratory 
failure rate (%) Scatter plot (Figure 3) with 
regression line showing relationship between 
venom lethal dose and respiratory failure 
incidence across regions. North India (LD: 
0.35-0.45 mg/kg, RR: 75-79%), Central India 
(LD: 0.50-0.65 mg/kg, RR: 45-50%), South 
India (LD: 0.75-1.25 mg/kg, RR: 20-25%); 
Trend: Inverse relationship demonstrated 
by negative slope – Lower LD (more potent) 
→� Higher� respiratory� failure� rates� -� Higher�
LD� (less� potent)�→�Lower� respiratory� failure�
rates.�Pearson�correlation�coef𿿿cient:�r�=�-0.89�
(p� <� 0.0001);� Interpretation:� Strong� negative�
correlation demonstrating neurotoxin potency 
directly drives respiratory paralysis incidence.

How well does treatment work? What dose 
really needed?
Treatment� ef𿿿cacy� varies� substantially�
by species, with data from 28 studies 

encompassing 1,847 patients revealing stark 
dosing� (table� 2),� disparities� (𿿿gure� 4)� and�
(𿿿gure� 5).� Cobra� bites� (Naja� naja)� require� an�
average of 8.9 ± 3.3 vials of antivenom, achieve 
recovery within 5.0 ± 6.0 hours, and yield 94% 
success rates. In contrast, krait bites (Bungarus 
caeruleus) demand 18.3 ± 6.8 vials, 9.4 times 
more� than�cobras� (p�<�0.0001),�with� recovery�
times extending to 18.3 ± 12.0 hours and success 
rates dropping to 41%. Russell’s viper bites 
occupy an intermediate position, necessitating 
12.1 ± 4.5 vials with 78% success and 12.5 ± 8.2-
hour recovery.8-10,29,54-60 The difference is Kraits 
need� 9.4�more� vials� than� cobras� (p� <� 0.0001)�
nearly double.8-10,29 But here’s the problem with 
current practice, most guidelines recommend 
“start with 10 vials for any snake bite.” But this 
is�not�suf𿿿cient.�A�krait-bitten�patient�starting�
with only 10 vials often does not get enough, 
leading to treatment failure and death. A cobra 
patient might get more than needed.

Figure 4: Mean Antivenom Vials Required by Snake 
Species
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Table 2: Antivenom Requirements and Treatment Outcomes by Snake Species

Snake species N (%) Mean vials  
± SD (count)

Recovery time*  
mean ± SD (hours)

Treatment 
success N (%)

p-value  
(vs cobra)

Indian cobra (Naja naja) 651 (38.8) 8.9 ± 3.3 5.0 ± 6.0 612 (94.0) Reference category

Common krait (Bungarus caeruleus) 398 (23.8) 18.3 ± 6.8*** 18.3 ± 12.0*** 163 (41.0)*** <�0.0001

Russell’s viper (Daboia russelii) 798 (47.7) 12.1 ± 4.5** 12.5 ± 8.2** 622 (78.0)** 0.003

Total 1,847 (100) – – 1,397 (75.6) –

*Recovery�time�=�hours�from�antivenom�administration�to�clinical�resolution�of�coagulopathy�and/or�neurotoxic�signs.�
Statistical�Test�Annotations:�***�p�<�0.001�(highly�significant),**�p�<�0.01�(very�significant),�reference�group:�Cobra,�Test�
used:�One-way�ANOVA�with�Bonferroni�post-hoc�correction,�All�comparisons:�Krait�vs�Cobra�significant�(p�<�0.0001)
Abbreviations: SD�=�standard�deviation;�N�=�number�of�patients�Data�source:�28�studies�encompassing,�1847�snakebite�
patients with documented species identification and treatment outcomes. Clinical significance: Krait bites require 
9.4�more� vials� (p� <� 0.0001)� and� longer� recovery� time� (13.3� additional� hours,� p� <� 0.0001)� compared� to� cobra� bites.�
Note: Recovery time represents time from antivenom administration to clinical resolution of coagulopathy (INR/PT 
normalization) and/or neurotoxic signs.

Bar chart with error bars displaying mean 
± SD antivenom vials needed for successful 
envenoming treatment. Bar data (with 95% CI 
error bars): Cobra: 8.9 ± 3.3 vials, Krait: 18.3 
± 6.8 vials, Viper: 12.1 ± 4.5 vials. Statistical 
annotation:� Krait� vs� Cobra:� p� <� 0.0001� (9.4�
vials higher requirement) Viper vs Cobra:  
p�=�0.003�(3.2�vials�higher).
Clinical� signi𿿿cance:� Current� guidelines�

recommend uniform 10-vial dosing. This 
analysis demonstrates krait envenoming 
systematically requires 18+ vials, highlighting 
guideline-practice discordance. Standard 
10-vial� regimen� is� insuf𿿿cient� for� krait� bites,�
leading to treatment failure. Sample sizes: 
Cobra�n=651;�Krait�n=398;�Viper�n=798
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Figure 5: Forest plot of treatment success rates by species

Forest plot of pooled treatment success rates 
by species. Each orange point represents the 
pooled treatment success rate (%) for cobra, 
krait, and Russell’s viper envenoming, and 
the horizontal lines show the corresponding 
95%� con𿿿dence� intervals� obtained� from�
random-effects meta-analysis. The x-axis 
displays success rate (%) and the y-axis lists 
snake species.

Time matters enormously: Each hour 
a� patient� waits� for� antivenom� (𿿿gure� 6),�
treatment success drops by 3.2%.11,29 A patient 
bitten at 8 AM who reaches the hospital at 
noon has already lost 4 hours, meaning 12.8% 
less chance of successful treatment. This 
emphasises why getting patients to hospitals 
fast is critical.

Figure 6: Impact of Time Delay on Treatment Success 
Rate

Line� graph� with� 95%� con𿿿dence� interval�

shading showing treatment success probability 
by hours elapsed from snakebite to antivenom 
administration. Line data points with 95% CI: 
0� hours:� Slope� equation:� Success� rate� =� 94%� -�
(3.2% × hours elapsed) Clinical interpretation: 
Each hour of delay reduces successful treatment 
by 3.2 percentage points. Based on 28 studies, 
1847 patients, random-effects meta-analysis.

Is our research biased?
We checked whether the studies we found 
might show an overly optimistic picture 
of treatment success (publication bias). We 
created funnel plots and did statistical tests. 
What we found is that there is evidence of 
publication bias. Studies showing better 
treatment outcomes are more likely to get 
published than studies showing worse 
outcomes.30-34 However, when we adjusted for 
this bias using standard methods, our main 
conclusions stayed the same. This gives us 
con𿿿dence�that�our�𿿿ndings�are�real.
Study differences: There was substantial 
variation�between�studies� (I²�=�82%�for�death�
rates). We found the main reasons for this 
variation are 
Geography: Death rates ranged from 5% in 
some areas to 40% in others, Time to hospital: 
Patients reaching hospital within 3 hours had 
5% death rate; those taking over 12 hours had 
35% death rate, Antivenom availability: Areas 
with reliable antivenom supply had much 
lower death rates, Patient factors: Patients with 
kidney problems or diabetes had 2 to 3 times 
higher death rates.61-64 When we compared 
India to other countries, India had 20.1% 
death rate versus 12.3% in other countries. 
The difference was mainly due to antivenom 
access, not how deadly the venom is.
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Table 3: Economic Burden by Severity (` Indian rupees)
Severity category Direct cost range 

(min–max, INR)
Median  

cost (INR)
Cases in  

cohort N (%)
Projected annual 

incidence

Mild (outpatient, local wound care) 1,200–4,500 2,800 432 (60.0) 144,000 cases/year

Moderate (hospital admission, antivenom) 3,500–12,000 7,200 216 (30.0) 72,000 cases/year

Severe (ICU admission, complications, amputation) 18,000–65,000 35,000 72 (10.0) 24,000 cases/year

Total – 10,920 
(weighted)

720  
(100.0)

240,000 cases/year 
(estimated)

Abbreviations:�INR�=�Indian�Rupees;�min�=�minimum;�max�=�maximum;�N�=�number�of�cases,�Severity�classification:�
Mild: Dry bite (no systemic envenoming) or minimal local effects; treated as outpatient with observation and supportive 
care; antivenom not required, Moderate: Systemic envenoming requiring hospital admission and antivenom (typical 10-
15 vials), monitoring of coagulation parameters, and supportive care; ICU admission not required, Severe: Coagulopathy 
(INR >2.5 despite antivenom), respiratory paralysis requiring mechanical ventilation, acute kidney injury (Cr >1.5 mg/
dL), or tissue necrosis requiring amputation; ICU admission mandatory; prolonged hospitalization.

Jaybhaye�Avinash�Z.,�Thamminaina�Abhinov,�Verma�Shikhar,�et�al. Bites of Burden: Snake Bite Envenoming 
in India, Regional Venom Differences, Treatment Efficacy and Health System Challenges: A Systematic 
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What does snakebite Cost?
Direct hospital costs (Table 3), escalate 
with severity, ranging from `2,800 for mild 
outpatient cases to `7,200 for moderate cases 
requiring antivenom, `35,000 for severe ICU 
admissions, and up to `95,000 for amputations 
or permanent disability. Indirect costs, 
frequently overlooked, compound the burden 
substantially: families lose `12,000-35,000 in 

wages from 45-60 days of work absence, incur 
`500-3,000 in transportation expenses, and face 
`5,000-18,000 in caregiver costs. Collectively, 
these indirect expenses represent 35-65% of 
total economic impact per case, elevating 
national snakebite costs to `45-120 billion 
annually or 0.45-0.67% of health expenditure-
for 240,000 hospitalizations.31-33

Cost components included in direct costs: 
Hospital accommodation (ward/ICU rates), 
Medications (antivenom, supportive agents, 
antibiotics), Laboratory investigations 
(coagulation�pro𿿿le,�renal� function,� imaging),�
Procedures (intubation, dialysis if applicable), 
Blood products (fresh frozen plasma, whole 
blood).
Cost components EXCLUDED (not included 
in these estimates): Transportation to 
hospital (covered separately in indirect 
costs), Physician consultation fees, Meals and 
family accommodation, These exclusions may 
underestimate true direct costs by 10-15%. 
Data source: Analysis of 31 published cost-
analysis studies from India (2008-2022); 
Sample size basis: 720 documented snakebite 
cases with detailed cost data, Cost adjustment: 
All� 𿿿gures� standardized� to� 2024� INR� values�
using consumer price index Methodology: 
Descriptive analysis with median and range; 
no inferential statistics applicable (cost 
variation driven by location and facility type, 
not study design).

When doctors can’t identify the Snake
Species� misidenti𿿿cation� (Table� 4)� occurs� in�
20-30% of snakebite cases across India, directly 
contributing to 2.5% of preventable deaths due 
to inappropriate treatment dosing.[30,34,35,81-100] 
Regional variation is pronounced: Western 
India� reports� 22-28%� misidenti𿿿cation� rates�
driven by patient descriptions, causing 1.8% 
excess mortality; Eastern India experiences 
18-24% rates from visual inspections, yielding 
2.1% excess deaths; Central India sees the 
highest rates at 25-32% from bystander 
recall errors, resulting in 3.2% additional 
mortality; and North-eastern India faces 28-
35%� misidenti𿿿cation� due� to� rare� species,�
contributing 5.1% excess deaths. These errors 
prove fatal when cobra bites receive krait-
level dosing (10 vials instead of 18), leading to 
treatment failure. Effective solutions include 
photo� identi𿿿cation� guides� achieving� 60-70%�
accuracy, Maharashtra’s WhatsApp expert 
consultation system reaching 78% accuracy, 
and two-hour community health worker 
training�programs�attaining�82%�identi𿿿cation�
accuracy, all reducing hospital arrival times by 
12-24 hours and mortality by 3-4%.36-41,82-94
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What about new treatments?
Emerging antivenom technologies offer 
promise but remain years from clinical 
deployment. Engineered recombinant 
antivenoms� demonstrate� 85-95%� ef𿿿cacy� in�
mouse and primate models, yet only two small 
human� trials� (n=55� total)� exist,� hampered� by�
high costs (`4,000-8,000/dose), manufacturing 
complexity, and lack of regulatory approval 
with a realistic 10-15 year timeline to widespread 
availability.42-44 Monoclonal antibodies 
provide�even�greater�speci𿿿city�with�excellent�
laboratory performance, but human trials have 
not commenced, costs range `8,000-15,000 per 

dose,� and� 𿿿eld� deployment� remains� 12-15�
years distant.45-48 Adjunctive therapies such as 
oxygen and blood products offer supportive 
care but cannot substitute primary antivenom 
treatment� due� to� limited� ef𿿿cacy� evidence.�
Current� innovation� timelines� (𿿿gure� 7)�
prioritize polyvalent antivenom optimization 
(2025), community training programs (2025-
2029), recombinant antivenoms (2030-2040), 
and monoclonal antibodies (2037-2040), 
underscoring the urgency of optimizing 
existing interventions immediately rather than 
awaiting technological breakthroughs.

Figure 7: Innovation Timeline: Timeline chart showing: 2025: Polyvalent antivenom optimization, 2025 to 2029: 
Community training programs, 2030 to 2040: Recombinant antivenoms, 2037 to 2040: Monoclonal antibodies.

Table 4: Regional snake species misidentification patterns and associated mortality

Geographic 
Region

Misidentification Rate  
[Range, 95% CI] (n = cases)

Primary Cause 
(Mechanism)

Excess Mortality Attributable to 
Misidentification

Western India 22–28%�(n�=�156�cases) Patient/bystander 
description inaccuracy

1.8% absolute risk increase [95% CI 1.2–2.4%] 
≈�34�preventable�deaths�per�2000�bites

Eastern India 18–24%�(n�=�123�cases) Visual inspection by 
untrained staff

2.1% absolute risk increase [95% CI 1.4–2.8%] 
≈�42�preventable�deaths�per�2000�bites

Central India 25–32%�(n�=�189�cases) Bystander recall errors; 
unreliable descriptions

3.2% absolute risk increase [95% CI 2.2–4.2%] 
≈�64�preventable�deaths�per�2000�bites

Northeastern 
India

28–35%�(n�=�98�cases) Rare/cryptic species; 
limited prior exposure

5.1% absolute risk increase [95% CI 3.6–6.6%] 
≈�102�preventable�deaths�per�2000�bites

Abbreviations:�n�=�number�of�cases/studies�CI�=�95%�confidence�interval�ARR�=�absolute�risk�increase�in�mortality.�
Definitions: Misidentification rate: Percentage of snakebite patients in whom the biting species was incorrectly 
identified (either by patient/bystander description at hospital, or by emergency department staff); Excess Deaths/
Excess Mortality: Additional preventable deaths attributable solely to species misidentification, calculated as: (mortality 
rate with incorrect species treatment) minus (mortality rate with correct species treatment). Expressed as absolute 
percentage point increase in mortality risk. All three interventions shown to reduce hospital arrival time delays by 12-
24 hours and prevent 3-4% of treatment-related mortalities.

Bottom line is while innovation is promising, 
we should not wait. We can save thousands of 
lives right now by improving what we already 
have, faster access to current antivenom, better 
identi𿿿cation� of� snakes,� and� training� village�
health workers.

What�do�villages�know�about�𿿿rst�Aid?
Community� knowledge� of� appropriate� 𿿿rst�
aid�remains�alarmingly�de𿿿cient,�with�surveys�
of 4,200 rural respondents revealing only 
28% awareness of limb immobilization (15% 
compliance), 8% knowledge of tourniquet 



95

IJFMP/Volume 19 Number 1 January–March 2026

removal (4% compliance), 45% recognition 
of hospital urgency (32% compliance), and 
22% avoidance of traditional healers (18% 
compliance). Harmful practices persist, 
including caustic applications causing tissue 
necrosis (18% prevalence), herbal poultices 
promoting infection (35-42%), and traditional 
healer consultations delaying care and 
contributing 3.2% excess mortality (22-30%). 
Interventions prove highly effective: formal 
training elevates knowledge from 28-45% to 
45-67%, SMS hospital reminders reduce arrival 
times by 28%, and village health worker 
programs� achieve� 82%� snake� identi𿿿cation�
accuracy, collectively accelerating hospital 
presentation by 12-24 hours and reducing 
mortality by 3-4%. However, most data 
derives from 2008-2015 surveys with only one 
2020 study, representing a critical gap given 
smartphone penetration changes.

DISCUSSION

What this review found and why it matters
Our pooled krait antivenom requirement 
(18.3 vials) substantially exceeds prior single-
center reports (10-14 vials),8-10,53� con𿿿rming�
systematic undertreatment against uniform 
10-vial guidelines. Mortality heterogeneity 
(I²=82%)� aligns�with�Mohapatra� et al.’s state-
level� disparities� (5-40%)� but� identi𿿿es� time-
to� treatment� as� the� dominant� modi𿿿able�
factor versus venom potency.3,20,21 Economic 
estimates (45-120 billion INR) double prior 
direct-cost calculations by incorporating 
indirect burdens, paralleling Habib’s 
African analyses.30,71 Regionally, our 3.6-fold 
cobra LD gradient validates Senji Laxme’s 
biogeographical� 𿿿ndings,5 while extending 
to clinical endpoints absent in prior venomics. 
Compared to Nepal (12.3% mortality vs India’s 
20.1%), our access-focused explanation matches 
Alirol et al.’s multisite data, prioritizing supply 
chain over venom factors.66� Misidenti𿿿cation�
rates (20-30%) mirror Punde’s Maharashtra 
series (25%) but quantify downstream mortality 
for�the�𿿿rst�time.35,82 These syntheses resolve prior 
metaanalyses’�limitations�through�India-speci𿿿c�
subgrouping, establishing evidence thresholds 
for region and species-tailored protocols.77

Our careful review of 100 published studies 
addressed ten gaps that were preventing better 
care. Here’s what we found and what it means: 

1. Venom really is different across India. 
Northern cobra venom is 3.6 times 

deadlier than southern cobra venom. 
This�means�a�one�dose�𿿿ts�all�approach�is�
wrong. Regional differences in how people 
get sick (paralysis versus bleeding) directly 
follow from regional venom differences.5-7 

2. Krait bites are undertreated. Current 
guidelines say give 10 vials. But kraits 
need 18 to 20 vials. Doctors who do not 
know this give too little and patients die 
unnecessarily.8-10

3. Speed to treatment is everything. Time 
matters more than we realized. Every hour 
of delay cuts success by 3.2%. A patient 
bitten at 8 AM in a village, 50 km from 
hospital is already losing their chance of 
cure while traveling.11

4. Good hospitals keep people alive, not 
just good venom treatment. When we 
compare India (20.1% death rate) to 
countries with better healthcare systems 
(12.3% death rate), the difference is mainly 
hospital access and supplies, not venom 
potency.31-34

5. Misidentifying snakes kills people. 1 in 
4� snake� bites� is� misidenti𿿿ed,� directly�
causing 2.5% of preventable deaths. Photo 
identi𿿿cation,� SMS� experts,� and� trained�
health workers can all improve this.34,35

6. The real cost is hidden. Hospital bills are 
only part of the cost. Lost wages, travel, 
and disability create huge burdens families 
don’t talk about. We’re undercounting the 
true impact by at least 35-65%.31-33

7. New treatments won’t help soon. 
Despite exciting lab results, engineered 
antivenoms are 10 to 15 years away. 
We need to focus on improving current 
systems, not waiting for miracle cures.42-44

8. Village knowledge is outdated and 
incomplete. We don’t really know what 
works in 2025 with smartphones and 
modern access. Studies from 2008 to 2015 
are too old to guide current prevention 
efforts.

9. Harmful practices persist despite 
education: Casual agents, herbal 
treatments, and traditional healers still 
trap patients in dangerous practices. 
Education alone is not working; we need 
culturally acceptable alternatives.

10. Most�barriers� to� care�are�𿿿xable.�Lack�of�
antivenom, distance to hospitals, snake 
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misidenti𿿿cation,� low� health� worker�
training, all are solvable problems with 
resources and planning. The barriers are 
not technical; they are organizational.

LIMITATIONS OF THIS REVIEW

What we couldn’t do:
Studies cluster in certain states (Maharashtra, 
West Bengal, Tamil Nadu); less data from 
Northeast and Central India. Most studies 
are looking back at old records rather than 
following patients forward. Economic data is 
old (mostly before 2020); current costs might 
be�different.�We�could�not�𿿿nd�enough�studies�
comparing different treatment approaches 
head-to-head. Limited information on how 
many people become permanently disabled. 
Not enough recent community surveys; most 
data from 2008-2020.

What should be done now
Right away (can be started this year): Train 
village health workers in all high incidence 
areas had proven to reduce deaths by 3 to 
4%. Distribute simple photo guides for snake 
identi𿿿cation� in� villages.� Ensure� all� PHCs�
(primary health centres) have reliable cold 
storage for antivenom. Set up SMS/WhatsApp 
consultation services linking village health 
workers to snake experts. Create species 
speci𿿿c�treatment�protocols�for�each�region.

Within 2 to 5 years:
Conduct prospective studies comparing 
treatment outcomes across regions. Do 
modern community surveys on knowledge 
and practice (smartphone-era). Implement 
rapid referral ambulance networks in high-
burden districts. Calculate current costs using 
updated data including disability impact. Pilot 
telemedicine for snakebite consultation from 
village clinics.

Long term (5-15 years):
Support research on why venom varies 
regionally� and� whether� region-speci𿿿c�
antivenoms could work. Monitor feasibility of 
new antivenom technologies as they develop. 
Build health worker training into medical 
school curricula.

CONCLUSIONS
Snakebite kills 58,000 Indians annually, a 
huge, preventable tragedy that stays hidden. 

This review showed that : Venom is genuinely 
different across India’s regions (3.6-fold 
variation in cobra potency). Current treatment 
guidelines are not tailored to species or region; 
krait bites are systematically undertreated. 
Access to treatment and speed to hospital 
matter more than anything else. Misidentifying 
snakes happens often and causes real harm.
The true cost, including lost income and 
disability, is much larger than reported. New 
high-tech antivenoms won’t help for a decade 
or more; we must improve current systems 
now. The pathway forward is clear: better 
snake�identi𿿿cation,�trained�health�workers�in�
villages, reliable antivenom access, and species-
speci𿿿c�treatment�can�save�thousands�of�lives�
this year. These are not expensive innovations; 
they’re smart use of what we already have. 
Further research to understand regional 
venom differences and validate community 
interventions will sharpen this approach and 
save even more lives in the future.
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