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ABSTRACT

Background: Snakebite envenoming is a neglected tropical disease-causing significant mortality and morbid-
ity globally. Considerable variability exists in antivenom administration practices. This study aimed to identify
predictors of anti-snake venom (ASV) administration and dose requirements among snakebite patients.

Methods: A prospective observational study was conducted at a tertiary government hospital in Tirunelveli,
Tamil Nadu, over two months (October-November 2022). A total of 139 patients admitted to intensive care
units with snakebite history were enrolled using consecutive sampling. Bivariate and multivariate logistic and
linear regression analyses were performed to identify predictors of ASV use and dosing.

Results: ASV was administered to 82 (58.9%) patients. Snake identification (AOR=4.95; p=0.007) and pain at
bite site (AOR=2.81; p=0.017) were independent predictors of ASV administration. Bleeding at the bite site
(B=0.592; p=0.021), lymphadenopathy (f=0.544; p=0.037), and neurotoxic envenomation ($=-0.861;
p=0.005) were significant predictors of higher ASV dose requirements. Mortality was nil and adverse reac-
tions were mild (9.7%).

Conclusion: Snake identification and pain at bite site predict ASV administration, while bleeding, lymphade-
nopathy, and envenomation type determine dose requirements, enabling rational, protocol-driven antivenom
use.
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INTRODUCTION

Snakebite is an acute, life-threatening, time-limited
medical emergency. It is a preventable public health
issue that occurs in tropical and subtropical nations
during times of excessive rainfall and humid weath-
er.! Approximately 4.5-5.4 million snake bites are
recorded globally every year of which 1.8-2.7 million
accounting to snake envenoming, 81000 to 138000
deaths and triple the number of amputation and
permanent disabilities.2 Snake bite envenoming was
officially classified as a neglected tropical disease by
the World Health Organization in June 2017, high-
lighting its substantial global burden and the need
for improved prevention, treatment, and resource al-
location.2 The South East Asia (SEA) region compris-
ing of Bangladesh, India, Nepal, Pakistan, and Sri
Lanka together constitute nearly 70% of global
snakebite mortality3 It is estimated that 58,000
deaths occur of an estimated 3-4 million snakebites
annually in India which accounts for half of all
snakebite deaths globally.* In Tamil Nadu, snakebite
remains a pressing health issue with a prevalence of
36.4 in 100,000 population. Despite relatively low
mortality rates (0.91-1.24 per 100,000), the burden
persists underscoring the need for better surveil-
lance.> The state has snakebite a notifiable disease,
mandating all hospitals to report cases and deaths.
This decision reflects ongoing underreporting, the
potential for preventable mortality, and the need for
evidence-based treatment protocols in both urban
and rural settings. ¢

Anti snake venom (ASV) is the only specific way to
prevent or treat manifestations of venomous snake
bites when administered in adequate therapeutic
dose. In 2022, the initiative “National action plan for
prevention and control of snakebite envenoming
(NAPSE)”, a strategic approach to reduce the mortali-
ty and morbidity due to snakebite envenoming was
launched by Centre for One Health, Government of
India. It details the recommendations of ASV admin-
istration for use by medical officers.* Despite its criti-
cal role, considerable variability persists in clinical
practice regarding both the decision and the dose to
be administered.” These inconsistencies in ASV ad-
ministration and dosing may result in either over-
treatment with increased risk of adverse reactions
and resource wastage or undertreatment leading to
poor clinical outcomes and increased morbidity.8
There is therefore a need for systematic evaluation of
predictors of ASV use to improve evidence-based
management of snakebite cases. The present study
aimed to identify predictors of ASV administration
and to determine the factors influencing the total
ASV dose required.

METHODOLOGY

Study Design and Setting: This prospective obser-
vational study was conducted by Department of
Pharmacology at Government Medical college and
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Hospital in Tirunelveli District of Tamil Nadu, India.
Data collection was done over a period of 2 months
during October and November 2022.

Sample size and Sampling: All patients admitted in
Intensive Medical Care Unit (IMCU) and Paediatric
Intensive Care unit (PICU) with a history of snake
bite with or without objective signs or symptoms of
envenomation were included in the study. The study
excluded the patients with preexisting systemic ill-
ness (diabetes, hypertension, hepatic, renal, cardiac,
etc.), declined consent or left the hospital against
medical advice. Systemic illnesses could influence
clinical presentation, lab parameters and treatment
response thereby affecting the accuracy of identify-
ing the predictors pertaining only to snake bite en-
venomation. A total of 139 eligible patients admitted
during the study period were included using a con-
secutive sampling technique. The sample size was
based on all cases meeting the inclusion and exclu-
sion criteria within the defined timeframe, thereby
reflecting a real-world clinical scenario.

Data collection and Tools: All patients underwent a
detailed history, physical and laboratory workup. Pa-
tients were observed from the time they were admit-
ted until they were discharged from the hospital. Da-
ta collected included a detailed history (pertaining to
identification of snake, location of the bite, time of
bite, application of Tourniquet, local remedies such
as incising the bite wound, sucking venom from bite
site or applying herbs, time to reach the hospital,
treatment and referral history) and clinical examina-
tion. Identity of biting snake was assessed by reliable
history from victims, bystanders and signs of local
and systemic envenomation as hemotoxic or neuro-
toxic.? Local envenomation includes pain at the bite
site, often immediate and severe, bleeding from the
fang marks, rapidly progressive swelling across a
joint pain, redness (erythema), warmth, ecchymosis,
blistering and local tissue necrosis in the absence of
Tourniquet. Systemic envenomation includes evi-
dence of coagulopathy primarily detected by pro-
longed 20-minute whole blood clotting time or pres-
ence of clinical bleeding such as haemoptysis, GI
bleed, haematuria or evidence of neurotoxicity such
as presence of ptosis, ophthalmoplegia, neck holding
weakness, respiratory or limb paralysis.l® Patients
with envenomation were initiated on polyvalent ASV
in recommended dose according to standard treat-
ment guidelines.! Patients were observed for emer-
gence of any complications and treated accordingly.
Patients were checked after receiving the initial dose
of ASV and then every 6 hours, or more frequently
until they were completely asymptomatic.

Data analysis: Data were expressed as number (per-
centage) for categorical variables and mean * stand-
ard deviation (SD) for continuous variables, as ap-
propriate. Statistical analyses were performed using
Jamovi version 2.7 for Windows. Descriptive statis-
tics were used to summarize the epidemiological and
clinical characteristics of the study population. Biva-
riate analysis (Chi square and Independent T test)
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was done to determine the association between ASV
administration and dose with other variables of in-
terest. Variables that showed statistical significance
(p-value <0.05) in the bivariate analysis were includ-
ed in the multivariate logistic and linear regression
to account for potential confounders. Assumptions of
linear regression, including linearity, normality of re-
siduals, homoscedasticity, and multicollinearity were
checked before model fitting. Odds ratio, Adjusted
0dds ratio, Standardized beta coefficients (f3), 95%
Cis and p-values were reported.

Ethical considerations: The study was approved by
the Tirunelveli Medical College Institutional Ethics
Committee (TIREC-Ref no: 20222396, dated 28-09-
2022) before the commencement. The study proce-
dures were followed in accordance with the Declara-
tion of Helsinki and the National Ethical Guidelines
for Biomedical and Health Research involving Human
Participants by the Indian Council of Medical Re-
search (ICMR). Written informed consent was ob-
tained from all the study participants, and confiden-
tiality was maintained.

RESULTS

A total of 139 snake bite cases presented to our hos-
pital during the study period. They were analyzed as
follows.

Table 1: Epidemiological profile of the patients
with snake bite
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17.4, with the majority (41.7%) being above 45 and
30.2% falling between 31 and 45 yrs. Males (59.7%)
were more likely than females (40.3%) to have sus-
tained snakebite. The majority of patients in our
study (57.5%) suffered bites in the day time. Almost
63.3% arrived at the IMCU within 3 hours for treat-
ment. Approximately 74.1% did not receive any tra-
ditional therapies. Among those who received tradi-
tional therapy, the most frequent method employed
was applying herbs to bite site (72.3%). Tourniquet
was applied in 50.3% of cases.

Table 2: Clinical profile of the patients with snake
bite

Parameters Cases (%)
Age
0-16 years 14 (10)
17 - 30 years 25(17.9)
31-45yrs 42 (30.2)
above 45 yrs 58 (41.7)
Gender
Male 83 (59.7)
Female 56 (40.3)
Time of bite
Early morning (4.01 AM to 7 AM) 19 (13.6)
Daytime (7.01 AM to 5 PM) 80 (57.5)
Evening (5.01 PM to 8 PM) 11 (7.9)
Nighttime (8.01 PM to 4 AM) 18 (12.9)
Not sure 11 (7.9)
Time of onset of treatment in IMCU
<1 hour 36 (25.8)
1-<3hour 52(37.4)
3 -6 hours 35(25.1)
> 6 hours 16 (11.5)
Traditional therapies
Herbal application 34 (24.4)
Urinating on the bite 6 (4.3)
Incising the bite wound 4(2.8)
Suction at bite site 3(2.1)
Nil 103 (74.1)
Tourniquet Application
Yes 70 (50.3)
No 69 (49.6)

Table 1 details the epidemiological characteristics of
patients. The mean age of the subjects was 41.95 *
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Parameters Cases (%)
Site of bite
Lower limb 92 (66.1)
Upper limb 39 (28)
Head and neck 1(0.7)
Not sure 7 (5)
Side of bite
Right side 80 (57.5)
Left side 51 (36.6)
Not applicable 8(5.7)
Local symptoms
Local bleeding 60 (43.1)
Pain at the site of bite 85 (61.1)
Local swelling 54 (38.8)
Local signs
Local rise of temperature 13 (9.3)
Discolouration 3(2.1)
Tenderness 64 (46)
Blister 3(2.1)
Lymphadenopathy 24 (17.2)
Cellulitis 38(27.3)
Systemic symptoms
Hematological 12 (8.6)
Hematuria 6 (50)
GI bleed 1(8.3)
Hemoptysis 5(41.6)
Neurological 13 (9.3)
Ptosis 11 (84.6)
Ophthalmoplegia 5(38.4)
Respiratory paralysis 10 (76.9)
Loss of consciousness 6 (46.1)
Neck holding weakness 3(23)
Limb paralysis 1(7.6)
Complications
Acute kidney injury requiring dialysis 3(2.1)
Fasciotomy 1(0.7)
Necrotic patch 1(0.7)
Hematoma 2(14)
Identity of snake
Hemotoxic 53(38.1)
Neurotoxic 13(9.3)
Not made out 73 (52.5)
Total ASV dose
1-10 vials 51 (36.6)
11-20 vials 14 (10)
> 20 vials 17 (12.2)
Not given 57 (41)
Reactions to ASV (n = 82)
Mild 8(9.7)
Nil 74 (90.2)
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Table 2 summarises the clinical features of snake bite
cases. The lower limb was the most common site of
snakebite, accounting for 66.1% of cases. Identity of
biting snake was made out in 47.4% cases. The most
common symptom was pain at the bite site (61.1%)
and tenderness was the commonest local sign (46.0
%] in the study population. Bleeding from other sites
such as haematuria, GI bleed, haemoptysis was seen
in 8.6% of patients. Neurological manifestation was
observed in 9.3% of cases. Ptosis was present in 11
out of 13 (84.6%) patients who had any signs sugges-
tive of neuro-paralysis. Complications were reported
in 5.0% cases. Mortality was nil. Adverse drug reac-
tions to ASV were mild in the form rigor, chills, vomit-
ing and pruritus. These patients were managed with
inj. Dexamethasone and Inj. Chlorpheniramine male-
ate and ASV was restarted.

Based on the clinical features, 82 (58.9%) patients
were treated with anti-snake venom (ASV) and the
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remaining 57 (41.0%) patients were managed on
supportive and conservative therapy. Table 3 and 4
depicts the bivariate and multivariate logistic regres-
sion regarding the predictors of ASV administration.
On multivariate logistic regression analysis, identifi-
cation of the snake (AOR = 4.95; 95% CI: 1.56-15.74;
p = 0.007) and pain at the bite site (AOR = 2.81; 95%
Cl: 1.20-6.59; p = 0.017) were independently associ-
ated with increased odds of ASV administration. Pa-
tients in whom the snake was identified had nearly
five times higher odds of receiving ASV, while those
presenting with pain had approximately three times
higher odds. In contrast, tourniquet application,
bleeding from the bite site, and cellulitis were not in-
dependently associated with ASV administration af-
ter adjustment (p > 0.05). ASV recipients had signifi-
cantly higher mean prothrombin time (PT) compared
to non-recipients (19.61 * 4.29 vs 16.36 + 2.73; p =
0.001). [Table 5]

Table 3: Predictors of ASV administration in patients with snake bite

Predictors ASV recipients ASV non recipients Odds ratio (95% CI) P value
(n = 82) (%) (n=57) (%)
Sex - Male (Ref Female) 47 (57.3) 36 (63.1) 0.783 (0.391 - 1.57) 0.49
Site of bite (n = 132)
Above waist 28 (35.8) 12 (22.2) 1.96 (0.889 - 4.32) 0.09
Below waist 50 (64.1) 42 (77.7) Ref
Tourniquet applied® 47 (57.3) 22 (38.5) 2.14 (1.07 - 4.26) 0.03"
Traditional therapies® 23 (28.0) 13 (22.8) 1.32 (0.602 - 2.89) 0.48
Identity of snake identified® 56 (68.2) 10 (17.5) 10.1 (4.43 - 23.1) <0.001"
Pain at bite site@ 63 (76.8) 22 (38.5) 5.28 (2.52 - 11.1) <0.001"
Bleeding from site® 43 (52.4) 17 (29.8) 2.59 (1.27 - 5.30) 0.008"
Cellulitis@ 34 (41.4) 4 (7.0 9.39 (3.10 - 28.4) <0.001"
Bite to needle time <3 hrs@ 49 (59.7) 36 (63.1) 0.866 (0.432 - 1.74) 0.68
Day Time of bite (n = 128)
Day time 53 (72.6) 42 (76.3) 0.820 (0.366 - 1.84) 0.63
Night time 20 (27.3) 13 (23.6)
*Statistically significant at p value < 0.05
@Ref category - negative reply
Table 4: Multivariate logistic regression analysis of Predictors of ASV administration
Predictor P value Adjusted Odds Ratio 95% Confidence Interval
Tourniquet applied 0.599 0.783 0.315-1.949
Identity of snake 0.007" 4.947 1.555-15.743
Pain at bite site 0.017* 2.811 1.199 - 6.590
Bleeding from site 0.240 1.665 0.711-3.899
Cellulitis 0.220 2.420 0.590-9.926
*Statistically significant at p value < 0.05
Table 5: ASV usage and coagulation profile in patients with snake bite
Parameters ASV recipients ASV non recipients P value
(n = 82) (mean & SD) (n =57) (mean & SD)
Activated Partial Thromboplastin time (APTT) 28.6+5.54 26.1+5.24 0.07
Prothrombin time (PT) 19.61+4.29 16.36+2.73 0.001*
International Normalized Ratio (INR) 1.5+0.4 1.3+£0.35 0.25

*Statistically significant at p value < 0.05 in independent sample T test

Predictors of ASV dose requirements: Table 6 and
7 depicts the bivariate and multivariate linear re-
gression regarding the predictors of ASV dose re-
quirements. The overall regression model was statis-
tically significant, F (5, 50) = 5.52, p < .001, explain-
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ing 35.6% of the variance in ASV vial requirement
(R? = .36, Adjusted R? = .29). Consequently, bleeding
from the bite site (f = 0.592; p = 0.021) and lym-
phadenopathy (B = 0.544; p = 0.037) were significant
independent predictors of increased ASV dose re-
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quirement, showing a positive association with the
number of vials administered. Type of envenomation
was also a significant predictor (f = -0.861; p =
0.005), demonstrating a negative association, indi-
cating that hemotoxic envenomation required signif-
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icantly fewer vials compared to the neurotoxic
group. In contrast, pain at the bite site and cellulitis
were not independently associated with ASV dose
requirement after adjusting for other variables (p >
0.05).

Table 6: Predictors of ASV dose requirements in patients with snake bite

Predictors Frequency Mean % SD of ASV vials used P value
(n = 82) (%)

Age
<30yrs 22 (26.8) 16.7 £8.36 0.50
> 30 yrs 60 (73.1) 15.3+£8.96

Sex
Female 35 (42.6) 14.2£7.52 0.191
Male 47 (57.3) 16.7 £9.55

Site of bite (n = 78)
Above waist 28 (35.8) 18.3+9.8 0.05”
Below waist 50 (64.1) 14.2 +7.90

Tourniquet application
Yes 47 (57.3) 16.1 £ 8.89 0.6
No 35 (42.6) 15.1£8.73

Pain at bite site
Yes 63 (76.8) 17 £9.21 0.011"
No 19 (23.1) 11.2+£5.28

Cellulitis
Yes 34 (41.4) 17.9 £9.35 0.05"
No 48 (58.5) 14.1 £8.09

Bleeding at the bite site
Yes 43 (52.4) 18.2£9.81 0.006"
No 39 (47.5) 12.9 £6.55

Lymphadenopathy
Yes 23 (28.0) 20.81+11.11 0.001*
No 59 (71.9) 6.80 +8.23

Type of envenomation (n=66)
Haemotoxic 54 (81.8) 16.3+9.06 0.041"
Neurotoxic 12 (18.1) 22.5+9.65

Bite to needle time <3 hrs
Yes 49 (59.7) 14.5+7.49 0.155
No 33 (40.2) 17.3+£10.3

Adverse drug reactions
Yes 8(9.7) 15.3+£9.13 0.89
No 74 (90.2) 15.7 £8.81

*Statistically significant at p value <0.05 in independent sample T test

Table 7: Multivariate linear regression analysis of Predictors of ASV dose requirements

Predictor t value P value Stand. Estimate () 95% Confidence interval
Pain at bite site 1.20 0.237 0.383 -0.2598 - 1.027

Bleeding from bite site 2.39 0.021" 0.592 0.0937-1.091

Cellulitis 1.26 0.214 0.305 -0.1816 - 0.792
Lymphadenopathy 2.14 0.037" 0.544 0.0335-1.055

Type of envenomation -2.97 0.005" -0.861 -1.4425 - -0.279

*Statistically significant at p value <0.05

was comparable to the study findings of Mandal A et
al13 (40.06 + 15.24 years) whereas the mean age was
slightly less in Chandrakumar A et al4(36.86 + 17.99
years). These observations indicate that snakebite
predominantly affects individuals in the economical-
ly productive age group. Majority of bites happened
during the day which was concordant with study by
Bhelkar SM et al'> and discordant with study by Pra-
dhan | et al.!! The majority of bites occurred in the
lower extremities, with right foot being the most
prevalent site. This was concordant with similar oth-

DISCUSSION

Our study comprised 139 snake bites, both with and
without evidence of envenomation regardless of
snake species. Our research revealed a male prepon-
derance working as farmers, which is consistent with
findings observed by Pradhan ] et al!! and Patil A &
Patil LS12. Males are more likely to be bitten by
snakes than females since they engage in more out-
door agricultural activities. The mean age of the
study population was 41.95+17.46 years and this
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er study.!¢ This could be attributed to the prevalence
of barefoot walking in agricultural lands.17 All of this
corresponded to snake bites being an occupational
hazard for farmers and a serious public health issue.
Hence this study assumes significance.

Nearly 50% of the patients had applied Tourniquet s
adjacent to bite sites in our study which was quite
alarming when compared to studies by Chilakala P et
al'8 and Patil A & Patil LS'2 where only 34.6% and
10.1% reported with Tourniquet indicating a region-
al pattern of harmful practices. Recently, a meta-
analysis reviewed that the use of Tourniquet were
the highest in Asia (55.7%).1° But, in multivariate
analysis, there was no association between Tourni-
quet use and ASV administration and dosing. Target-
ed community education programs should be done to
discourage Tourniquet use which when applied in-
appropriately can worsen tissue damage and to pro-
mote evidence based first aid practices.110

The proportion of patients who reached IMCU in less
than 3 hours was 72%. Thus, early arrival to point of
care would have played a crucial role in contributing
to nil mortality. Also, ASV requirements did not differ
in patients with treatment time difference. This find-
ing was in concordance with a study conducted by
Patel S et al2® which indicated that a positive progno-
sis in ASV treated patients were related only to bite
severity at presentation and not the treatment time.
In contrast, a study by Jayaraman T et al?! and Nar-
vencar KP et al?2 found that the number of ASV need-
ed significantly correlated with the bite to needle
time, with a 6-hour cutoff period.

Most bites in our study were instigated by venomous
snakes with hemotoxic envenomation predominating
(54%), which may explain the greater incidence of
local complications such as bleeding and pain at the
bite site, cellulitis, and lymphadenopathy. This was
similar to a study by Biju AP et al.23 Multivariate
analysis showed that lymphadenopathy and bleeding
are independent risk factors for ASV dosing rather
than cellulitis. Thus, ASV use is driven by progressive
clinical features rather than local symptoms. ASV re-
cipients had significantly higher PT levels than the
non-recipients reflecting coagulopathy in patients
requiring ASV. Research by Kolli B et al?4 found a sta-
tistically significant correlation between prolonged
PT with severity among snake bite patients but study
by Moriarty RS et al?> failed to find a significant dif-
ference in the number of vials administered and ob-
served PT.

In our study, approximately 47% of patients were
able to tell the identity of snakes and knew their local
names. This, could have prompted them to seek med-
ical assistance immediately. This was further sub-
stantiated by multivariate regression analysis which
showed that identification of snake was independent
predictor for ASV use. In a study by Bolon I et al2¢
concluded that biting snake identification could en-
hance snakebite management. Out of the 82 patients
in our study who received ASV, about 51 (62%) re-
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quired only 10 vials indicating adequacy of standard
initial dosing.

The mean number of ASV vials required for neuro-
toxic bite was statistically significant than hemotoxic
bites. Higher dose of ASV requirements in neurotoxic
bites has been reported in other studies as well.27.28
ASV may not adequately neutralize presynaptic tox-
icity, which is rather dependent on the regeneration
of motor nerve terminals, resulting in insufficient re-
covery and greater dose requirements. Venoms of
snakes from the Elapidae family consist of small low
molecular weight toxins with greater diffusivity and
neutralisation by antivenom administered during the
post distributive phase is dependent on redistribu-
tion of tissue bound antigen from the extravascular
space to central compartment resulting in varying
ASV doses.??

Our study found a low incidence (approximately
10%) of mild adverse reactions to ASV, indicating
that it should not be a major concern for treating
snake bites. The most common reactions were urti-
caria, chills and rigors which resolved with antihis-
tamines and corticosteroids. The severity of reac-
tions was mild and occurred within in 10 - 180 mins
of initiating ASV which was similar with the study
done by Mer R] et al.3® Antivenom reactions hap-
pened in vasculotoxic snake bite cases in similar pro-
portions to the study by Deshpande RP et al.3!

LIMITATIONS

The major limitation is small sample size. Patients
were enrolled without proper sample size estima-
tion. The study was conducted only for a short peri-
od. Patients with comorbidities were excluded from
the study leading to potential selection bias. All these
can affect the generalisability of the study results.
Identification of snake was based on patient or by-
stander reports introducing potential recall bias. Fi-
nally, the use of linear regression for count-type out-
comes may not fully account for the actual ASV vial
requirements.

CONCLUSION

In conclusion, identification of biting snake and pres-
ence of pain at bite site were the independent predic-
tors of ASV administration while lymphadenopathy,
bleeding at the bite site, and type of envenomation
were key determinants of the total ASV dose re-
quired. These findings emphasize that early identifi-
cation of clinical predictors and species identification
can guide rational and protocol-based ASV use, par-
ticularly in resource-limited settings and optimize
patient outcomes.
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