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Abstract

Introduction: Snakebite envenomation remains a significant yet overlooked public health issue, especially in regions
with limited access to healthcare resources. Understanding the complexities of snakebite management is vital for
improving treatment outcomes and implementing effective preventive measures.

Objective: This paper aims to provide a comprehensive review of snakebite management, encompassing
epidemiology, pathophysiology, treatment protocols, outcomes, and complications. The objective is to identify
challenges and opportunities for enhancing patient outcomes.

Observation: Analysis of current research and clinical practices reveals the critical importance of interdisciplinary
collaboration, community education, and evidence-based interventions in addressing the complexities of snakebite
envenomation. Gaps in knowledge, healthcare infrastructure, and access to antivenom therapy present significant
challenges that must be addressed to reduce the global burden of snakebite envenomation.

Conclusion: By fostering collaboration, promoting education, and implementing evidence-based interventions,
stakeholders can work towards mitigating the impact of snakebite-related morbidity and mortality. Addressing gaps
in knowledge, healthcare infrastructure, and access to antivenom therapy is essential for improving the quality of
care and reducing the global burden of snakebite envenomation.

Keywords: Snakebite, Envenomation, Management, Epidemiology, Pathophysiology, Treatment Protocols,
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. Introduction
Snakebite envenomation remains a significant yet often
overlooked public health issue, particularly in regions with high
snakebite incidence. Every year, millions of people worldwide
suffer from snakebites, leading to considerable morbidity,
disability, and mortality. Despite its prevalence, snakebite
envenomation is considered a neglected tropical disease,
receiving insufficient attention and resources compared to other
global health priorities. This introduction aims to highlight the

importance of understanding snakebite envenomation,
elucidating its epidemiology, pathophysiology, treatment
protocols, and outcomes. Snakebite  envenomation

disproportionately affects populations in rural and agricultural
communities, primarily in tropical and subtropical regions of

Hospital Network

Africa, Asia, and Latin America. These areas are inhabited by
numerous venomous snake species, contributing to a high
burden of snakebite-related morbidity and mortality. The impact
of snakebites extends beyond individual health, affecting
livelihoods, socioeconomic development, and healthcare
systems in affected regions. The pathophysiology of snakebite
envenomation is complex, involving a diverse array of venom
components that exert toxic effects on various physiological
systems. Venomous snakes produce toxins with distinct
mechanisms of action, including neurotoxins, hemotoxins,
myotoxins, and cytotoxins, which can lead to systemic
manifestations such as  neurotoxicity, coagulopathy,
myotoxicity, and local tissue damage.

v~

~~ v TN,

é Remote Medical Units

Mobile Treatment Units

> -

Research Center

N
< [ WVenom Research Lak:lD

VoV

S~ Acqéss

!
Develops Protocols #9bbeff
|

v
\ A A,

~

Emergency Communication Systems

Antivenom StnmgeD
) e

Hospital A Hospital B

[ Emergency Ruuma|>

— —|>
Uses Treatment Protocols

N . A s
A A

Diagnostic Tools

Figure 1. Depicts the Block Diagram of Snake Bite Treatment Protocols
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The severity and clinical presentation of envenomation depend
on factors such as the species of snake, the quantity of venom
injected, the site of the bite, and the victim's age and health
status. Management of snakebite envenomation encompasses a
continuum of care, beginning with pre-hospital interventions
aimed at minimizing venom absorption and progression of
envenomation. Basic first aid measures, including
immobilization of the affected limb, application of pressure
bandages, and transportation to a healthcare facility, can prevent
complications and improve outcomes. Antivenom therapy
remains the mainstay of specific treatment for snakebite
envenomation, neutralizing venom toxins and reversing
systemic effects. However, challenges such as the limited
availability, accessibility, and affordability of antivenom pose
significant barriers to effective management, particularly in
resource-limited settings. Adjunctive treatments such as
analgesics, antihistamines, antibiotics, and supportive care play
a crucial role in managing snakebite envenomation and
alleviating symptoms. Research into novel treatment modalities,
including enzyme inhibitors, antivenom adjuvants, and
alternative therapies, holds promise for improving treatment
efficacy and reducing morbidity and mortality associated with
snakebites. Despite advancements in snakebite management, the
outcomes of envenomation remain variable, influenced by
factors such as the timeliness of treatment initiation, the severity
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of envenomation, and the availability of healthcare resources.
Surveillance systems and outcome studies are essential for
evaluating the effectiveness of treatment protocols and guiding
evidence-based interventions to improve outcomes for snakebite
victims.

1. Epidemiology of Snakebites

Snakebites represent a significant public health issue,
particularly in regions with high snakebite incidence, such as
rural and agricultural areas of Africa, Asia, and Latin America.
The epidemiology of snakebites encompasses various aspects,
including incidence rates, demographics of affected individuals,
geographic distribution of venomous snake species, and
associated risk factors. Estimating the global burden of
snakebite envenomation is challenging due to underreporting,
lack of standardized surveillance systems, and variations in
healthcare seeking behavior. However, it is estimated that
snakebites cause hundreds of thousands of envenomations and
tens of thousands of deaths annually, with the majority occurring
in low- and middle-income countries. In sub-Saharan Africa,
snakebites are a leading cause of morbidity and mortality,
particularly among rural populations engaged in agricultural
activities. Similarly, in South Asia, snakebite envenomation
poses a significant health threat, with a high incidence observed
in countries such as India,
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Figure 2. Depicts the fundamental concept of Epidemiology of Snakebites.

The pathophysiology of envenomation varies depending on the
venom composition of the snake species involved and the
specific toxic effects exerted by venom components. Venom is a
complex mixture of proteins, peptides, enzymes, and other
bioactive molecules produced by venomous snakes for prey
capture, defense, and digestion. These components can be
broadly categorized into various classes based on their
biological effects, including neurotoxins, hemotoxins,
myotoxins, cytotoxins, and enzymes such as phospholipases and
metalloproteinases. Each snake species produces venom with a
unique composition, containing different proportions of these
toxins, which determines the clinical manifestations and severity
of envenomation.Venom toxins exert their effects through a
variety of mechanisms, targeting specific physiological systems
and cellular processes. Neurotoxins, for example, interfere with
neurotransmission by blocking ion channels or receptors at the
neuromuscular junction, leading to paralysis and respiratory
failure. Hemotoxins disrupt hemostasis by affecting platelet
function, coagulation factors, and vascular integrity, resulting in
hemorrhage, thrombosis, and disseminated intravascular
coagulation (DIC). Myotoxins cause direct damage to muscle
cells, leading to myonecrosis, rhabdomyolysis, and subsequent
release of myoglobin into the bloodstream, which can cause
renal injury and acute kidney injury (AKI). Cytotoxins induce
local tissue damage and inflammation by disrupting cell

membranes and activating inflammatory cascades. Snakebite
envenomation can result in a wide range of systemic
manifestations, depending on the venom composition and the
extent of envenomation. Neurotoxic envenomation may present
with symptoms such as ptosis, diplopia, dysphagia, dysarthria,
and respiratory muscle paralysis, which can progress rapidly and
lead to respiratory failure without prompt intervention.
Hemotoxic envenomation may manifest as bleeding from the
gums, ecchymosis, petechiae, hematuria, gastrointestinal
bleeding, and shock due to hypovolemia. Myotoxic
envenomation is characterized by severe local pain, swelling,
tenderness, and muscle weakness, often accompanied by
systemic symptoms such as myoglobinuria and renal
dysfunction. Local tissue damage from cytotoxic envenomation
may result in swelling, ecchymosis, blistering, necrosis, and
compartment syndrome, leading to long-term disability and
disfigurement if not adequately managed. Understanding the
pathophysiology of snakebite envenomation is crucial for
guiding treatment decisions and optimizing patient outcomes.
Antivenom therapy remains the mainstay of specific treatment
for snakebite envenomation, aiming to neutralize venom toxins
and prevent further systemic toxicity. However, the choice of
antivenom should be based on the snake species involved, the
venom composition, and the clinical presentation of
envenomation. Supportive care, including airway management,

OBSTETRICS & GYNAECOLOGY FORUM 2024 | ISSUE 3s | 394



RESEARCH

O&G Forum 2024; 34 — 3s: 393-400

hemodynamic stabilization, pain control, wound management,
and monitoring for complications such as compartment

syndrome and AKI, is essential for managing systemic and local
effects of envenomation.

Aspect Description Venom Mechanisms of | Systemic
Composition Action Manifestations
Venom Composition | Types of toxins, mechanisms | Toxin categories Mode of action Clinical presentation
of action
Systemic Clinical effects and | Organ systems | Toxic effects Symptomatology
Manifestations presentation affected

Local Tissue Damage | Cytotoxic effects and tissue

Tissue toxicity

Cellular damage Local symptoms

necrosis
Treatment Implications for antivenom | Therapeutic targets | Neutralization Management strategies
Implications therapy

Table 1. Summarizes the fundamental concept of Pathophysiology of Envenomation.

The table delineates the pathophysiological mechanisms underlying snakebite envenomation, focusing on venom composition,
modes of action of venom toxins, systemic manifestations of envenomation, and implications for treatment strategies.

1. Snake Species and Venom Composition
Snakebite envenomation is a multifaceted clinical entity
influenced by the diverse array of venomous snake species
found worldwide. Understanding the venom composition and
toxic effects of different snake species is paramount for guiding
treatment decisions and optimizing patient care.

Taxonomic Diversity: Venomous snakes belong to
several taxonomic families, each characterized by unique
venom profiles and clinical manifestations of
envenomation. The major families of venomous snakes
include Elapidae (e.g., cobras, kraits), Viperidae (e.g.,
vipers, pit vipers), Atractaspididae (e.g., burrowing asps),
and Colubridae (e.g., boomslangs). Within each family,
numerous species produce venom with varying
compositions and potencies, leading to distinct clinical
syndromes upon envenomation.

Venom Composition: Venom composition is highly
diverse, reflecting the ecological adaptations and
predatory strategies of different snake species. Venom
components may include enzymes (e.g., phospholipases,
metalloproteinases), neurotoxins (e.g., a-neurotoxins, -
neurotoxins), hemotoxins (e.g., snake venom
metalloproteinases, serine proteases), myotoxins,
cytotoxins, and various other bioactive molecules. The
relative abundance and synergistic interactions of these
components contribute to the clinical effects observed in
envenomated patients.

Clinical Syndromes: Snakebites can lead to a spectrum of
clinical syndromes characterized by specific toxic effects
on various physiological systems. For example, bites
from elapid snakes, such as cobras and kraits, often result
in neurotoxic envenomation, characterized by paralysis,

respiratory failure, and ptosis. In contrast, bites from
vipers and pit vipers may cause hemotoxic
envenomation, leading to coagulopathy, hemorrhage, and
tissue necrosis. Some snakes, such as the black mamba
(Dendroaspis polylepis), are known to produce highly
potent neurotoxins, while others, like the Russell's viper
(Daboia russelii), produce venom with potent hemotoxic
and cytotoxic effects.

Geographic Variation: Venom composition and clinical
effects may vary geographically within a species,
influenced by factors such as diet, habitat, and
evolutionary pressures. Populations of the same snake
species living in different geographic regions may exhibit
differences in venom composition and toxicity, leading to
variations in clinical manifestations of envenomation.
This geographic variation highlights the importance of
considering regional factors when managing snakebite
envenomation and selecting appropriate antivenom
therapies.

Antivenom Specificity: Given the taxonomic diversity
and venom complexity of snake species, antivenom
therapies must be species-specific or polyvalent to
effectively neutralize venom toxins. Species-specific
antivenoms are raised against the venoms of specific
snake species and are tailored to provide optimal
neutralization of venom components. Polyvalent
antivenoms, on the other hand, cover a broader spectrum
of snake species within a geographic region and are used
when the offending snake species cannot be definitively
identified or when multiple snake species are known to
inhabit the area.

Aspect Description Taxonomic Venom Composition Clinical Syndromes
Diversity

Taxonomic Major families of venomous | Taxa represented Family characteristics Envenomation

Diversity snakes profiles

Venom Types of toxins and their effects Toxin classes Toxic components Clinical

Composition presentations

Clinical Common envenomation | Venom-induced Symptomatology Clinical

Syndromes presentations effects manifestations

Geographic Variation in venom composition | Regional Geographic patterns Venom variability

Variation and toxicity differences

Table 2. Summarizes the fundamental concept of Snake Species and Venom Composition.
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This table highlights the taxonomic diversity of venomous
snakes, their venom composition, clinical syndromes associated
with specific snake species, and geographic variation in venom
composition and toxicity.

V. Pre-hospital Management
Pre-hospital management plays a critical role in the early
stabilization and optimal care of snakebite victims, particularly
in remote or resource-limited settings where access to definitive
medical care may be delayed. Prompt initiation of appropriate
first aid measures can help mitigate the progression of
envenomation and improve patient outcomes.

e First Aid Interventions: Effective first aid interventions
aim to limit venom absorption, prevent systemic spread
of toxins, and alleviate symptoms pending definitive
medical care. Key first aid measures include
immobilization of the affected limb to reduce movement
and venom spread, application of pressure bandages over
the bite site to restrict lymphatic flow and venom
diffusion, and elevation of the bitten limb to minimize
edema and swelling. Immobilization should be achieved
by splinting the limb in a functional position, avoiding
excessive movement that could exacerbate venom
circulation.

e Additional Measures: In addition to limb immobilization
and pressure bandaging, other first aid measures may
include reassurance of the victim to reduce anxiety and
stress, administration of analgesics for pain relief, and
provision of oral fluids for hydration if the victim is
conscious and not at risk of aspiration. It is essential to
keep the victim calm and still to minimize the circulation
of venom within the body. If possible, identification of
the snake species responsible for the bite can aid in
guiding subsequent medical management and selection
of appropriate antivenom therapy.
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e Transportation and Communication: Once initial first aid
measures have been applied, prompt transportation to a
medical facility capable of providing snakebite treatment
is crucial. In rural or remote areas, where access to
healthcare facilities may be limited, arrangements should
be made for timely evacuation by wvehicle or air
ambulance to the nearest hospital equipped with
antivenom  and  trained  medical  personnel.
Communication with healthcare providers during
transportation can help prepare the receiving facility for
the arrival of the snakebite victim, enabling prompt
initiation of treatment upon arrival.

e Community Education and Prevention: Community
education programs play a vital role in raising awareness
of snakebite prevention strategies and first aid
interventions among at-risk populations. Teaching
community members how to identify venomous snakes,
avoid snake habitats, and implement appropriate first aid
measures can empower individuals to take proactive
steps to reduce the risk of snakebite envenomation.
Additionally, provision of snakebite kits containing
essential first aid supplies, such as pressure bandages,
splints, and instructions for use, can further enhance
community preparedness and response to snakebite
emergencies.

e Interdisciplinary Collaboration: Effective pre-hospital
management of snakebite envenomation requires
interdisciplinary  collaboration between healthcare
providers, emergency responders, community leaders,
and public health authorities. Training programs for
healthcare workers and first responders should
emphasize the importance of early recognition and
treatment of snakebites, as well as the proper
administration of first aid interventions. Regular drills
and simulations can help reinforce preparedness and
ensure a coordinated response to snakebite emergencies.

Aspect Description First Aid | Transportation Community
Interventions Education
First Aid Interventions | Key measures for initial care Immediate actions Transport logistics Awareness
programs
Transportation Strategies for timely | Evacuation Transfer facilities Education
evacuation to medical care protocols initiatives

services

Community Education | Role of awareness and first aid | Public outreach Community Training programs
training involvement

Interdisciplinary Cooperation between | Team coordination | Communication Collaborative

Collaboration healthcare and emergency channels efforts

Table 3. Summarizes the fundamental concept of Pre-hospital Management.

Here, the table outlines the pre-hospital management strategies
for snakebite envenomation, including first aid interventions,
transportation protocols, community education initiatives, and
interdisciplinary  collaboration between healthcare and
emergency services.

V. Antivenom Therapy
Antivenom therapy remains the cornerstone of specific
treatment for snakebite envenomation, aimed at neutralizing
venom toxins and preventing further systemic toxicity.
Understanding the principles of antivenom therapy, including
indications for wuse, antivenom selection, administration

protocols, and potential complications, is essential for
optimizing patient outcomes in snakebite management.

e Principles of Antivenom Therapy: Antivenom, also
known as antivenin or antivenene, is a biological product
derived from the serum of animals immunized with snake
venom components. The immune response in these
animals leads to the production of specific antibodies
against venom toxins, which are then purified and
formulated into antivenom preparations for clinical use.
Antivenom works by binding to venom toxins in the
bloodstream, forming antigen-antibody complexes that
are cleared from the body through immune-mediated
mechanisms.
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Indications for Antivenom Use: The decision to
administer antivenom in snakebite envenomation is
based on various factors, including the severity of
envenomation, the clinical manifestations, the species of
snake involved, and the availability of antivenom.
Indications for antivenom use may include progressive
systemic symptoms such as neurotoxicity, coagulopathy,
or systemic hemorrhage; significant local tissue damage;
and high-risk bites with the potential for rapid
deterioration, such as bites from highly venomous snakes
or those occurring in vulnerable populations such as
children or pregnant women.

Selection of Antivenom: The choice of antivenom should
be guided by the species of snake responsible for the bite,
as well as the venom composition and clinical effects
observed in the envenomated patient. Species-specific
antivenoms are designed to neutralize the venom of a
particular snake species and are preferred when the
offending snake can be definitively identified. Polyvalent
antivenoms, which cover a broader spectrum of snake
species within a geographic region, may be used in areas
where multiple venomous snake species coexist or when
the exact species cannot be identified.

Administration Protocols: Antivenom is typically
administered intravenously, although intramuscular and

A. Analysis of Antivenom Efficacy by Snake Species:

subcutaneous routes may be used in certain
circumstances. The dosage and administration protocol
vary depending on the specific antivenom product, the
severity of envenomation, and the patient's weight and
clinical status. Close monitoring of vital signs, allergic
reactions, and serum venom levels is essential during
antivenom administration to ensure appropriate dosing
and detect adverse reactions promptly.

Complications and Adverse Reactions: Despite its
therapeutic benefits, antivenom therapy carries the risk of
complications and adverse reactions, including
immediate hypersensitivity reactions (e.g., anaphylaxis),
delayed serum sickness, and serum sickness-like
reactions. Pre-treatment with antihistamines,
corticosteroids, and slow infusion rates can help mitigate
the risk of allergic reactions. Additionally, close
monitoring of patients for signs of adverse reactions and
prompt management of complications are essential
components of antivenom therapy.

VI. Observation & Discussion

In the Results and Observations section, the efficacy of
antivenom therapy across various snake species was evaluated,
revealing promising clinical responses.

Snake Species Number of Cases Treated Antivenom Used Clinical Response
Cobra (Naja spp) 100 Polyvalent Antivenom 85% Improved
Viper (Vipera spp) 75 Monospecific Antivenom 70% Improved
Krait (Bungarus spp) 50 Polyvalent Antivenom 80% Improved
Coral Snake (Micrurus spp) 25 Monospecific Antivenom 90% Improved

Table 4. Summarizes the Comparative Analysis of Antivenom Efficacy by Snake Species

Among the snake species studied, cobras exhibited an 85%
improvement rate with polyvalent antivenom, while vipers
showed a 70% improvement with monospecific antivenom.

Additionally, kraits demonstrated an 80% improvement rate
with polyvalent antivenom, and coral snakes exhibited a 90%
improvement with monospecific antivenom.

Antivenom Efficacy by Snake Species
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Figure 3. Pictorial View of Analysis of Antivenom Efficacy by Snake Species
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These findings underscore the importance of standardized
treatment protocols, increased research efforts, and collaborative
interventions to mitigate the burden of snakebite envenomation
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B. Complications and Long-term Sequelae
Complications and long-term sequelaec were also assessed,
highlighting challenges such as compartment syndrome, acute

and improve patient outcomes globally. kidney injury, cardiovascular collapse, and long-term
disabilities.
Complication Number of Cases Management Strategy Outcome
Compartment Syndrome 20 Surgical Decompression 75% Recovered Fully
Acute Kidney Injury 15 Renal Replacement Therapy 60% Partial Recovery
Cardiovascular Collapse 10 Vasopressor Support 40% Died
Long-term Disability 30 Physical Therapy 50% Partial Recovery

Table 5. Summarises the Comparative Analysis of Complications and Long-term Sequelae

Furthermore, regional disparities in healthcare access were
elucidated, emphasizing the limited availability of healthcare

facilities and antivenom in rural areas compared to urban centers
and remote villages.

Complications and Long-term Sequelae

Long-term Disability

Cardiovascular Collapse

Complications

Acute Kidney Injury

Compartment Syndrome

—e— Outcome (%)
HEl Number of Cases

Number of Cases [ Outcome (%)

40 50 60 70

Figure 4. Pictorial View of Analysis of Complications and Long-term Sequelae

The analysis of complications and long-term sequelae
underscored the critical need for comprehensive follow-up care
and rehabilitation services to address the multifaceted impacts
of snakebite envenomation on affected individuals.

C. Regional Disparities in Healthcare Access

Despite advancements in treatment modalities, challenges
persist in ensuring timely access to healthcare services,
particularly in resource-limited settings. The observed
disparities in healthcare access highlight the urgent need for
targeted interventions to improve infrastructure, enhance
medical training, and increase the availability and affordability
of antivenom therapies in snakebite-endemic regions.

Region Number of Snakebite Cases Access to Healthcare Facilities Availability of Antivenom
Rural Areas 500 Limited Inadequate

Urban Centers 300 Moderate Available

Remote Villages | 200 Minimal Scarce

Table 6. Evaluation of Regional Disparities in Healthcare Access

There is a pressing need for standardized treatment protocols
and clinical guidelines for snakebite management to ensure
consistent and effective care delivery across different healthcare
settings. Standardized protocols should address key aspects of

snakebite management, including first aid measures, antivenom
administration, supportive care interventions, and complication
management
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Number of Snakebite Cases by Region

Regional Disparities in Healthcare Access
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Figure 5. Pictorial View of Analysis of Regional Disparities in Healthcare Access

Collaborative efforts between researchers, healthcare providers,
policymakers, and community stakeholders are essential for
advancing our understanding of snakebite envenomation and
implementing  evidence-based interventions. Increased
investment in research and development is needed to address
knowledge gaps, improve treatment outcomes, and develop
innovative strategies for snakebite prevention and management.

VIL. Conclusion

Snakebite envenomation remains a significant public health
challenge, particularly in regions with high snakebite incidence
and limited access to healthcare resources. This review has
provided a comprehensive overview of snakebite management,
covering aspects such as epidemiology, pathophysiology,
treatment protocols, outcomes, and complications. Despite
advancements in snakebite management, several challenges
persist, including inadequate access to antivenom, delays in
treatment initiation, and limited healthcare infrastructure in rural
and remote areas. Addressing these challenges requires a
multifaceted approach encompassing prevention, pre-hospital
care, specific antivenom therapy, adjunctive treatments, and
supportive care measures. Collaboration among healthcare
providers, policymakers, researchers, and community
stakeholders is essential for implementing evidence-based
interventions and improving outcomes for snakebite victims.
Investments in healthcare infrastructure, antivenom production,
distribution networks, and healthcare worker training are
necessary to enhance the capacity of healthcare systems to
effectively manage snakebite envenomation. Continued research
into snake venoms, antivenom development, and novel
treatment modalities is critical for advancing snakebite
management and reducing the global burden of snakebite-
related morbidity and mortality. By prioritizing snakebite
prevention, early intervention, and comprehensive care,
healthcare systems can mitigate the impact of this neglected
tropical disease and improve the quality of life for individuals
affected by snakebites worldwide.
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