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Abstract
The sole treatment for snakebite envenomation (SBE), the anti-snake venom (ASV), suffers from considerable drawbacks, 
including side effects and limited species specificity. Additionally, despite its existence for more than a century, uniform 
availability of good quality ASV does not yet exist. The present review describes the journey of a SBE victim and highlights 
the global crisis of SBE management. A detailed analysis of the current ASV market has also been presented along with 
the worldwide snake distribution. The current production of country specific licensed ASV throughout the globe along with 
their manufacturers has been examined at the snake species level. Furthermore, a detailed analysis of on-ground situation 
of SBE management in antivenom manufacturing countries has been done using the most recent literature. Additionally, 
the export and import of different ASVs have been discussed in terms of procurement policies of individual countries, their 
shortcomings, along with the possible solution at the species level. It is interesting to note that in most countries, the exist-
ence of ASV is really either neglected or overstated, implying that it is there but unsuitable for use, or that it is not present 
but can be obtained from other countries. This highlights the urgent need of significant reassessment and international col-
laborations not just for development and production, but also for procurement, distribution, availability, and awareness. A 
PROMISE (Practical ROutes for Managing Indigenous Snakebite Envenoming) approach has also been introduced, offering 
simple, economical, and easy to adopt steps to efficiently alleviate the worldwide SBE burden.

Keywords Anti-snake venom · Anti-snake venom manufacturing · Export and import · Global policy · PROMISE 
approach · Snakebite envenoming management

1 Introduction

Anti-snake venom (ASV) is the only approved treatment 
for snakebite envenoming (SBE), the biggest public health 
crisis, that arises when a snake injects poisonous venom 
following a bite [1–3]. Despite the availability of ASVs for 
more than 100 years, more than 150,000 people are likely 
to die from snakebites globally, especially the poor in rural 
areas in developing countries [2, 4, 5]. The World Health 
Organization (WHO), in its 2019 and 2021 roadmaps, has 
aimed to halve the annual global SBE burden by 2030 [6, 7]. 
One of the four pillars of this roadmap is availability of safe, 

effective, and economical ASVs to people, and its improved 
control and regulation [8]. However, there have been reports 
about the flooding of market with low quality ASVs fol-
lowing the cessation of production by a major global ASV 
manufacturer [9]. The complexity of the venom components, 
geographical limitations, low funding, and improper ASV 
regulation are other issues in SBE management [4, 10, 11]. 
The latter is particularly important since even countries with 
capabilities of ASV production fail to properly manage SBE 
without proper ASV distribution policies. Thus, to reduce 
SBE burden and to ensure that no victim is left without treat-
ment, it is necessary to understand the ASV market for bet-
ter disbursement, regulation, and regional control. This will 
help in bilateral improvements in health policies with direct 
benefit to the poor victims and marked reduction in SBE 
induced fatalities and disability adjusted life years.

The present review summarizes the major causes of global 
crisis in SBE management and current ASV manufacturing 
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practices of all the recognized ASV producers in a single 
map at the species level. To the best of our knowledge, this 
is the highest resolution snake biodiversity and antivenom 
manufacturing map ever published. For countries that do 
not produce, but import ASVs, respective import routes and 
procurement flaws have been highlighted, and alternative 
vendor countries have been suggested in terms of species 
specific ASVs availability. Finally, a PROMISE (Practical 
ROutes for Managing Indigenous Snakebite Envenoming) 
approach has also been proposed comprising of straightfor-
ward, cost-effective, and easily implementable measures for 
immediate reduction in the global SBE burden.

This article is expected to aid policymakers for improved 
fund allocation, regulation of ASV production, procurement, 
and distribution, with learning from case studies of several 
countries around the world. This information should also be 
useful for decision making for countries who wish to procure 
ASV from alternative countries that produce more specific 
ASVs. Additionally, it will aid in educating the physicians 
about the ASVs available in one’s own and neighboring 
countries and improved SBE patient management. Finally, 
the PROMISE approach should serve as easy to implement 
ideas for any country interested in reducing SBE burden 
without significant economical investments.

2  Method

Initial search was done on Scopus with the term ‘snake-
bite’ or ‘antivenom’ along with individual ‘country name’ in 
‘article title, abstract, and keyword’ section. Region specific 

studies from 2020 onwards that documented the on-ground 
situation of antivenom availability in the country were 
included. Studies focused on alternative antivenoms, patient 
case studies, venom characterizations, non-human victims, 
other animals, and antivenom manufacturing were excluded. 
In case no relevant article could be found on Scopus, a gen-
eral internet search was done using the same keywords to 
find the relevant literature. Where appropriate, the reference 
list of included articles was also screened to identify the 
most appropriate article.

3  The Global SBE Management Crisis

A victim’s journey from SBE to receive ASV therapy is 
filled with multiple hurdles (Fig. 1). The first is transporta-
tion to a health centre because SBE is largely the disease 
of the poor people from rural or remote areas in develop-
ing or low-income countries. These places often lack good 
health care centres and have poor transportation facilities 
which also force patients to resort to traditional healers over 
modern medicine [12–14]. Nevertheless, once a patient 
manages to reach a health care center, the next hurdle is 
SBE identification, because not all snakes present with a 
distinct clinically identifiable set of symptoms, the snake 
description reported by the patient or the attendant is often 
inadequate, and many health care practitioners (HCPs) have 
only limited knowledge about SBE [2, 15]. Other hurdles 
include availability of the species-specific and good quality 
ASV in appropriate quantity. Affordability is another major 
hurdle, not just that the ASVs are expensive, but the costs of 

Fig. 1  The journey of a SBE victim. The coloured boxes indicate 
the major hurdles in ASV therapy. The outcome of the antivenom 
therapy can be lifesaving or fatal depending upon the quality, speci-

ficity, efficacy, dosage, time of administration, and side effects of the 
antivenom administered. Note that affordability includes ASV cost as 
well as other hospital expenses
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additional therapies and hospital further limits affordability 
for the poor [16]. For a patient who crosses all these hurdles, 
the administration of the ASV serves as a critical life-saving 
point and marks the end of, what we call, the phase I of the 
patient’s journey to SBE therapy.

The administration of only a safe, affordable, specific, 
and good quality ASV can mitigate the effects of SBE [17]. 
This is the beginning of phase II of the patient’s post therapy 
struggles because the administration of the ASV does not 
guarantee permanent cure. Low quality ASV can lead to 
mild to severe side effects in patients [18]. Further, ASV 
may not always be effective in preventing SBE mediated 
damage. This is often the case when the patient arrives hours 
after the bite or the ASV administration is delayed because 
of phase I hurdles. Studies recommend early ASV admin-
istration within 2–6 h post bite [19–21]. This is because 
delayed ASV therapy can prevent further damages, but it 
cannot reverse the damage already done [22]. Addition-
ally, delay in bite to needle time not only increases systemic 
envenomation, but also increases the number of ASV vials 
required for treatment, along with length of hospital stay, as 
well as the risk of morbidity and mortality [19].

Unfortunately, even after administration of a good quality 
and effective ASV, complete cure from SBE effects is not 
guaranteed and late adverse reactions of ASV and disability 
adjusted life years are common [2, 18]. This is phase III of 
the patient struggle which may continue for the entire lifes-
pan. Nevertheless, the earliest possible administration of safe 
and specific ASV is the only available treatment paradigm 
to save a SBE victim’s life and this is still not accessible in 
many countries. A deeper analysis about the targeted spe-
cies, ASV production, and procurement strategies is thus 
needed to fully understand the global status of ASVs.

4  The Global Status of Anti‑Snake Venoms

Although SBE continues to be a cause of worldwide con-
cern, it has affected some parts of the world worse than oth-
ers (Fig. 2). The global distribution of SBE burden, number 
of snake genera and species found in each country, ASV 
production in various countries, targeted genera, and the 
number of anti-snake venoms manufactured against each 
genus in different regions, as listed in the WHO database 
[23], are summarized in Fig. 2a. The corresponding export 
and import network of anti-snake venoms along with the 
number of ASV manufacturers in each country are presented 
in Fig. 2b.

The number of ASV manufacturers have increased from 
46 to 51 since 2018 [23, 29]. However, the variability in 
the global ASV distribution and the limited availability of 
ASV against some genera is still quite evident. Furthermore, 
the ASV against many genera are produced by a single 

manufacturer in a given country. In fact, 29 out of 37 coun-
tries have a single ASV manufacturer. A detailed description 
of the ASV status around the world is discussed below.

4.1  Asia

This region has the highest burden of SBE in the world and 
contributes to 70% SBE mortality globally [30]. There are 
about 300 snake species including 70 venomous snakes. 
However, most countries manufacture ASV against only a 
few species. As a result, the use of non-specific ASVs for 
treating bites from non-targeted species is frequent across 
almost all countries. For example, in mainland China, 
envenomations with green pit viper are recommended to be 
treated with ASVs against snakes from the same subfam-
ily Crotalinae with unsatisfactory therapeutic efficacy [31]. 
Even in India, which is a leading producer and exporter of 
ASVs in the world, ASVs against the big four species is 
used to treat all SBE cases. However, this polyvalent ASV 
is ineffective in treating bites from other medically impor-
tant snake species present in the region, such as H.hypnale, 
Echis sochureki, Naja kaouthia, and C. malabaricus, voicing 
the need for availability of appropriate ASVs [32–35]. Also, 
the Indian polyvalent ASV exhibits limited efficacy against 
identical species in different parts of the country due to dif-
ferences in the venom composition [32, 36–38].

Of the many manufacturing countries, India and Iran are 
the only ASV exporters in the region. While the Iranian ASV 
is permitted in a few Middle East countries, India exports 
its ASV to Africa, Middle East, and South Asia. It can be 
said that the South Asian region is majorly dependent on the 
Indian ASVs. Nevertheless, since South Asia bears 70% of 
the global SBE burden, special attention must be given to 
the Indian ASV manufacturers [30]. No information about 
the ASVs available in Bangladesh and Afghanistan could be 
found in the WHO database despite the significantly high 
SBE burden in these regions.

4.2  Africa

In Africa, a region with a high annual SBE incidence of up to 
100 thousand, most afflicted countries do not produce ASV. 
The continent has only four ASV manufacturers listed in the 
WHO database, one each in Algeria, Tunisia, Egypt, and 
South Africa. Antivenoms from neither of these 4 manufac-
turers is approved in other African countries. The sub-Saha-
ran Africa region, which bears the second largest burden 
of SBE after Asia, thus has only one ASV producer in this 
region i.e. South Africa [9]. Here also, there is discrepancy 
in ASV availability between rural and urban areas [39]. The 
African countries depend on imports from other continents, 
which risks the supply chain and raises the cost of already 
expensive ASVs which is estimated to be US$100–153 in 
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the region [9]. Further, the market is unstable and the pro-
duction of many ASVs has been stopped in the past. Chad, 
Ghana, Central Africa Republic, and Nigeria have already 
faced increased mortality due to the poor quality of some 
ASVs when a leading foreign ASV manufacturer stopped 
supply [9]. Furthermore, efficacy data of the imported ASVs 
is majorly lacking [40]. In addition, the venoms used for 
ASV production are sourced from limited suppliers only. 
Given the vastness of this region and the biogeographical 
venom variation of the multitude of species found here [41], 
extensive cross-reactivity studies of existing ASVs can be an 
interim solution to the SBE problem.

4.3  North America

There are more than 30 species of pit vipers in the region 
and almost 9,000 SBE cases are reported annually [42]. 
Within the family, rattlesnakes account for the majority of 
the casualties because of their potent venom and widespread 
distribution. The first ASV was approved as early as 1954. 
Costa Rica is the major ASV producer in the area followed 
by Mexico and USA, in terms of number of targeted snake 
species. Costa Rica is also a major exporter of ASVs and 
has product marketing approvals in neighbouring as well as 
African countries.

4.4  South America

Manufacturing of ASVs is an old tradition since 1901 when 
the first ASV was developed in Brazil [43]. However, only 
limited amounts of ASV are produced due to the restricted 
capacities of the only four ASV producing laboratories [44]. 
Antivenom is also produced in Argentina, Peru, Colombia, 
Venezuela, and Bolivia. However, despite the presence of 
multiple ASV manufacturers, many countries are dependent 
on import and ASV supply is usually insufficient [45]. Also, 

not all the ASVs are undergo quality control and preclinical 
efficacy assessments [43]. The importance of the former can 
be understood from Eucador, where ASV manufacturing was 
decommissioned owing to flaws in production process, and 
the manufacturing plant was closed in 2012 [24]. Ecuador is 
now dependent on ASV import from Costa Rica.

4.5  Europe

It has a burden of approximately 8000 SBE annually and the 
medically relevant venomous snakes belong to the Viperinae 
family [46, 47]. There is a long history of ASV production 
in Europe and almost 13 laboratories produced it in early 
1980s. However, in Croatia, the last ASV batch expired in 
2019 and Croatia, despite possessing ASV manufacturing 
capabilities, is currently dependent on imports [25]. Nev-
ertheless, trust in immunotherapy, has recently increased 
with availability of purified and well tolerated ASVs. There 
are several ASVs for vipers in Europe [47, 48]. Recently, a 
new polyvalent ASV has been shown to be effective against 
European vipers [49]. Only two manufacturers from United 
Kingdom and Spain export ASVs. The Spanish ASV is a 
cornerstone product for many African countries. This is a 
Pan-African ASV which is claimed to target 22 snake spe-
cies from 4 genera. However, this product has not been 
recommended by the WHO. The WHO has terminated its 
risk–benefit assessment without making any recommenda-
tions [23]. Also, none of the European ASVs is licensed by 
the European Medical Agency [48].

4.6  Australia

Snakebite envenomings are rare in Australia, but some cases 
may be life-threatening [50]. Brown snake, tiger snakes, 
black snakes, death adder, taipan, and sea snakes are the 
major clinically important snakes in the region [51]. ASV 
is produced in the region since 1930 and ASVs were devel-
oped against all major snake groups as early as 1962 [52]. 
However, there is only a single manufacturer, and it does 
not export its ASVs. Commercial snake venom detection 
tests are available, however, due to the polyvalent nature 
of Australian ASVs and problems with the kit's results, the 
emphasis has turned to identifying envenoming in patients 
rather than snake identification [53]. The region also has 
diverse species of sea snakes but a single monovalent ASV, 
raised against a Malaysian snake, is used to treat all sea 
snake envenomations [21].

Despite the aforementioned issues, different countries of 
the world have made attempts to lower the SBE burden in a 
variety of ways, but a number of barriers still exist. Table 1 
summarizes the most recent information on these.

Fig. 2  Geographical distribution of snakes, snakebites, anti-snake 
venom production, the targeted genera, and species. a Global snake-
bite cases, snake distribution, ASV production, its distribution, and 
the targeted genera. Numbers in white boxes represent the number 
of snake genera followed by number of species found in respec-
tive countries. Each symbol represents a genus targeted by the 
antivenom(s) produced in each country. The number of targeted spe-
cies of a genus is written inside the corresponding symbol. Numbers 
in parentheses represent the total number of antivenoms produced 
by the manufacturing country against the given genus. * represents 
investigational product. G/S correspond, respectively, to the num-
ber of genera and species present in a country. Note: Ecuador shut 
down ASV manufacturing in 2012, and the last batch of Croatia ASV 
expired in 2019. Both countries are now dependent on imports [24] 
[25]. b Antivenom manufacturers and import/export. Numbers inside 
the circles represent the number of antivenom manufacturers in the 
corresponding country. Note: Kenya recalled Indian antivenoms in 
2023 due to inefficacy and is aiming self-manufacturing [26] [27]. 
Based on published data and WHO [23, 28]
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5  The Problem with Imported Anti‑Snake 
Venoms

It is important to remember that, even when ASVs from 
one nation are used to treat SBE in another, the ASV may 
not be successful because of regional differences, leading 
to less effective ASVs on the market, as seen in the case of 
Sri Lanka [54–56]. Also, there are cases where the imported 
ASVs are not raised against any endemic species of a coun-
try. For example, in Jordan, one of the countries in mid-
dle east with maximum number of snakebites, the single 
imported ASV is raised against African snakes that do not 
occur in Jordan and is clinically ineffective [57]. Analysis 
of the efficacy of imported ASVs against envenomation by 
endemic species is important as their efficacy is not always 
guaranteed. Recently, Kenya recalled the Indian ASV upon 
evidence of its inefficacy in treating Kenyan snake enveno-
mation cases [26]. It must be noted that the recalled ASV 
is listed in the WHO snake ASV database and is claimed to 
target many species found in Kenya [23]. Kenya may now 
partner with Costa Rica for technology transfer and aim 
local ASV production in next three years, as per the reports 
[27]. However, bringing Kenyan ASV to market will not be 
an easy task. Sri Lanka had earlier collaborated with Costa 
Rica and US for a similar goal [22]. However, it has been 
almost a decade since the collaboration, but the clinical trial 
data has not been published. In their another collaboration 
with a leading antivenom manufacturer in India, a product 
has shown better pre-clinical efficacy than currently used 
Indian ASV, however, its additional pre-clinical and clinical 
studies are still required [58]. The country is still dependent 
on import from India, whose ASV has been reported to bear 
limited efficacy against Sri Lankan snake species [54, 58].

For almost all countries, the imported ASVs do not tar-
get all regional species. Some of these missed species are 
even of the highest medical importance with their respective 
ASVs available for sale in other countries. The list of pos-
sible vendor countries where ASV is available for each of 
the missed species of each importing country (as per WHO 
database) is provided in Table 2. Organizations like WHO 
that deal in the purchase and distribution of ASVs in under-
developed nations like sub-Saharan Africa should also find 
Table 2 useful [8]. For example, the Spanish ASVs may be 
useful in targeting species of Jordan and the Brazilian ASV 
for targeting snakes in Paraguay. Greater international coop-
eration between countries is thus needed to import other/
additional ASVs. Still, for many other species no ASV is 
available in any part of the world. Production of newer 
ASVs, inclusion of venoms of these species in immuno-
gen mixtures used for ASV production, or cross-reactivity 
studies of existing ASVs should be undertaken for dealing 
envenomation cases with these species.
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6  Lessons from the World‑The PROMISE 
Approach

Now that we have established that ASV administration is the 
crucial part of the SBE treatment process, it is obligatory 
to investigate the current ASV market. Nevertheless, other 
obstacles also play a key role while treating SBE (Fig. 1 
and Table 1). Although infrastructure improvements and 
research into developing next generation ASVs [59] are 
definitely needed to ensure availability of ASVs in distant 
areas and overcoming limitations of current ASVs, as also 
discussed in other roadmaps [60], these are not expected to 
be encouraged given the neglected nature of SBE. Thus, to 
improve the other aspects of SBE management, we recom-
mend the PROMISE (Practical ROutes for Managing Indig-
enous Snakebite Envenoming) approach which comprises of 
economical and simple yet effective steps to be undertaken 
by all countries interested in reducing SBE in their regions. 
The approach is discussed below in detail and summarized 
in Fig. 3.

6.1  Alliance with Local Healers

The integration of traditional healers into the SBE manage-
ment pathway should be considered. In this regard, a registry 
of legitimate healers must be made and advertised among 
the masses. While the registry would ensure the exclusion of 
non-qualified self-claimed healers who can worsen patient’s 
condition, the release of a list of authorized healers from the 
regulatory agencies would help in gaining the trust of those 
local people who prefer traditional therapists over hospi-
tal care. The HCPs can teach these registered local healers 
about the initial SBE management and local healers may 
help with diagnosis, first aid, and timely referral to health 
care centres. Besides saving lives, their referrals would also 
help in estimating SBE statistics more accurately and reduce 
under-reporting. Success with such an integrated approach 
has been reported in African countries for Human African 
Trypanosomiasis (sleeping sickness), HIV, and psychosis 
in terms of improved diagnosis or clinical outcomes for 
patients [14, 61].

6.2  Improved Communication and Overcoming 
Transport Barrier

Improvements in phone and internet services, and trans-
portation can enhance the health seeking nature among the 
masses, as in Ethiopia [62]. The transportation barrier can 
also be partially lifted by facilitating ASV distribution and 
establishment of poison information centers. In absence 
of a centralized ASV distribution program based on local 
SBE epidemiology, concentration of ASVs in populated 

areas over others and increased product cost may occur, as 
in Colombia [63]. Also, victims in rural and remote areas 
may remain deprived of ASV despite in-house production 
and free distribution, such as in Brazil [64]. Further, strict 
vigilance is needed for adequate distribution of ASVs across 
all levels of healthcare systems. In Kenya, ASV is unavail-
able in dispensaries despite governmental guidelines [65]. 
Additionally, the teleconsultation services of poison infor-
mation centers can also prevent patient transport, help in 
knowledge propagation among clinicians, and potentially 
lower expenses and expedite diagnosis and treatment, such 
as in Taiwan [66]. The guidelines for establishing such cen-
tres have recently been updated by the WHO [67]. Also, 
their establishment should also be followed by its publicity 
among the HCPs. In South Africa, many physicians do not 
call such centres simply because they do not know that such 
centres exist [39].

6.3  Gaining Trust

6.3.1  Patients in Healthcare System

In Brazil, even if some rural areas have access to ASVs, 
people prefer to travel long distances in a search for more 
trustworthy treatment [64]. This is one important issue 
which is usually ignored by most policy makers. A poten-
tial solution could involve the circulation of annual reports 
from healthcare centers regarding SBE cases treated and 
their corresponding outcomes, both within the healthcare 
community and to the public.

6.3.2  Doctors in ASV Therapy

The trust of doctors on ASV therapy is also important. In a 
survey conducted in Vietnam, doctors advocated the supe-
riority of traditional healers over ASV for SBE manage-
ment [68]. Also, in Kenya, health care workers have reported 
non-administration of available ASV to victims because of 
fear of adverse reactions [69]. Sharing case reports of suc-
cessful ASV therapy on a regular basis can be beneficial in 
this regard.

6.3.3  Doctors in Themselves

Treatment of SBE is not included in the medical course syl-
labus even in countries with high SBE burden such as India 
[15, 70]. Further, due to the least number of victims or the 
available treatments, usually the preparedness of the health 
workers towards SBE is minimum. In multiple surveys as 
well, HCPs from different countries have admitted their 
lack of knowledge in SBE management [15]. Management 
of SBE and ASV associated adverse reactions must thus 
be included in the curriculum of undergraduate medical 
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students. Also, the clinicians should be regularly updated 
about SBE case classification and management through 
training programs. Simultaneously, educating the HCPs 
about dry bites, that are snakebites without venom injec-
tion, is also paramount [71]. A survey in a Saudi Arabia 
University revealed that while medical students received 
training for SBE management, around 80% were unaware 
of dry bites [72].

6.4  One country One Protocol

A national unified protocol for SBE management should be 
prepared to reduce ASV usage, treatment cost, and also the 
duration of hospital stay, as in case of Iran [73, 74]. The 
protocol reduced the ASV usage by 4 vials, treatment cost 
by $196, and hospital stay by 1 day per patient. The existing 
protocols of neighboring countries and the treatment guide-
lines for SBE by the WHO might serve as a reference for 
preparing such national protocols. For countries like India, 
which have a wide variety of snake species and different 
qualities and cross-reactivities of antivenoms, it is advisable 
to implement more rigorous quality control measures and 
modify the procedure to accommodate the specific snake 
diversity of each region. Alternatively, it may be beneficial 
to develop protocols that are specific to individual states or 
regions.

6.5  Accurate Snake Identification

An inventory of regional snakes, available ASVs and their 
targeted species, and an SBE management chart should be 
available in every treating facility, especially in the rural 
areas. This information must be available in local languages 
to ensure understanding of common masses. This will aid 
in correct snake identification and boost the confidence of 
both patients and HCPs in SBE management. For example, 
the use of a snake atlas, as in Ethiopia, can be a simple yet 
powerful tool in this regard [62]. The non-venomous spe-
cies must also be documented in the snake atlas to minimize 
the confusion and the associated unnecessary treatment or 
side effects. If possible, a real-time inventory should be 
made such as in Thailand, to map required ASV availabil-
ity in nearby areas [75]. Additionally, HCPs must be made 
aware of the online databases, such as the WHO snakebite 
platform, WCH clinical toxicology, and iNaturalist, which 
can be used not only for self-education but also for accurate 
snake identification with the patient attendants to facilitate 
their recall with the snake pictures available in the database 
[23, 76, 77]. Mobile application based databases are also 
available. One such application is’SnakeHub’ which is a free 
mobile app that provides description of 114 snake species 
found in Kerala, India in English as well as in local language 
[78]. Efforts must also be made for developing mobile appli-
cations for image based correct snake identification such as 
those using artificial intelligence and SnakeSnap app [79, 

Fig. 3  The PROMISE approach for SBE management. The PROMISE (Practical ROutes for Managing Indigenous Snakebite Envenoming) 
approach is an amalgamation of economical and easy remedies whose implementation can significantly reduce the SBE burden
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80]. When creating such apps, one can contact local rescuers 
for assistance. Adequate awareness about such apps must be 
spread among both the HCPs as well as common masses for 
improving snake identification.

Another way of aiding clinicians in ASV selection, 
improving therapeutic efficacies of SBE treatment and 
reducing mortality is the development of venom detection 
kits [81]. However, efforts must be made to ensure that the 
kits are economical and cause a minimum increment in the 
cost of ASV therapy. Further, the sensitivity and specificity 
of such kits must be thoroughly tested. Currently, despite 
availability of venom detection kits, the Australian clinicians 
are focusing more on diagnosing envenoming rather than the 
kit results [53].

6.6  Good ASV Quality

Only Good Manufacturing Practices (GMPs) and stringent 
quality control can ensure the production of a safe and effec-
tive ASV [17]. However, sudden imposition of stringent 
regulations or reforms, after years of neglect, should be 
avoided. This important lesson can be learnt from Ecuador, a 
country with ASV manufacturing history since 1981, which 
shut down ASV manufacturing following sudden imposition 
of GMPs and identification of other production flaws [24]. 
Winning the manufacturer’s confidence, for example, by pro-
viding time and incentives for upgrading production prac-
tices, should be a priority to ensure a sustainable approach 
for effective implementation of governmental policies.

6.7  Public–Private Partnerships

The onus to prove ASV specificity lies on the manufacturer, 
but it can be accelerated with public–private partnerships. 
The governments or the regulatory authorities should also 
partner with the manufacturers in a search for expanding 
the ASV cross-reactivity to other endemic species found 
in the country. Collaborations with academia may also be 
promoted in this regard, since full expertise might not be 
available under a single roof. Thus, while efficacy data 
would ensure that the imported ASV would be clinically 
suitable, the cross-reactivity studies would expand the cus-
tomer’s base. Such studies offer a promising approach to 
decrease the burden of SBE while newer ASVs are being 
developed. In many studies, using a mouse model, a single 
ASV was shown to exhibit cross-reactivity against several 
heterologous medically significant snakes from sub-Saharan 
Africa [82, 83]. However, certain conditions must be met 
before using these cross-neutralization test-passed ASVs 
against heterologous venoms. For example, the disparities 
in metabolic activity between mice and humans call for addi-
tional clinical testing [84]. Additionally, such studies should 
include long-term assessment for toxicities of different 

venom components. For example, neutralizing the paralytic 
effects of N. sumatrana venom in mice for 24 h does not 
guarantee that the hematoxic or other effects will be neutral-
ized, and the animals will survive [84].

Further, the manufacturers must be encouraged to stay 
updated about the recent advancements in ASV production 
and incorporate appropriate changes in their production 
processes to generate broadly specific, affordable, safe, and 
effective (BASE) ASVs [17].

6.8  Correct Calculations of ASV Demand

The strategy for calculating ASV demand needs also be 
finalized in such a way that access to ASV is guaranteed. As 
reported in a Colombian study, the different methods used to 
calculate ASV usage can yield widely varying results [63]. 
While one method, based on the theoretical average number 
of ASV vials used for treatment, suggested a yearly need 
of 25,380 vials, another method based on accident severity 
suggested a need of 50,021 vials in the country. Yet another 
method, that used multiple variables, such as underreporting 
and number of accidents in the previous decade, suggested 
the need of 54,440 vials. In addition to doing reasonable 
calculations, it is imperative to have contingency plans to 
handle unexpected surges in ASV demand, particularly dur-
ing emergency situations like floods that may result in an 
increase in snakebite cases.

6.9  Record Maintenance

Mandatory reporting of snakebites will not only help in bet-
ter understanding of the regional SBE epidemiology, but 
also aid in estimating the actual ASV demand, better snake 
identification, and decision making for ASV administration. 
This can be achieved with manuals that include details about 
SBE case presentation, diagnosis, treatment, and clinical 
course description along with the name and amount of ASV 
administered. The regional records can also be combined 
into a centralized data bank accessible to public, physicians, 
researchers, and policymakers for effective SBE manage-
ment. Extra care must also be taken when entering the spe-
cies name. Incorrect snake name entries in medical publica-
tions can be a cause of concern [85]. It is also advisable to 
integrate pictures of the biting species wherever feasible.

6.10  Task Force

A task force comprising of frontline healthcare profession-
als should be established to conduct surveillance and collect 
data on occurrences of SBE, mortality and socio-economic 
burden. Such studies, even if done to cover only a fraction 
of population, as underway in India, can be valuable in man-
aging the distribution of ASV and for better governmental 
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policies such as fund allocation for SBE management [86]. 
It must be noted that the choice of protocol can affect the 
estimates of SBE burden. For example, utilizing disability 
weights determined from the community, rather than those 
derived from the global burden of disease (GBD), can lead 
to more accurate estimations of SBE burden [87]. Further-
more, protocols must be created in compliance with interna-
tional guidelines such as the STROBE guidelines for cross-
sectional studies [88].

6.11  Media and Education

The media should exclusively distribute accurate informa-
tion in a responsible manner. For example, in Serbia, reports 
regarding the occurrences of even the non-venomous snakes 
and rare bites, have been reported to be dramatized by media 
[85]. A role reversal of the media, as also mentioned by the 
author, can help in disseminating accurate knowledge among 
the masses about SBE and its treatment. Another simple 
strategy to educate the masses can be the introduction of 
SBE management in the school curriculum. Alternatively, 
annual workshops can be conducted by schoolteachers for 
the same. Another approach can be ‘A Snake A Month’ 
(ASAM) session, where school children are taught about 
one regional snake every month.

6.12  Prohibit Snake Trade and Cross Breeding

The trend of rearing venomous snakes by individuals results 
in increased number of SBE [25, 89]. Even in countries, such 
as Brazil, where snake trading is prohibited, illegal owner-
ship of venomous snakes has been reported [90]. In Swit-
zerland, where private housing of snakes is legal, physicians 
are often untrained in dealing patients envenomed by exotic 
pets [89]. Similarly, the cross-breeding of snakes to create 
hybrids of related snake species should be strictly banned, 
since the hybrids have unknown venom composition and 
ASV efficacy in bitten victims cannot be guaranteed [89].

7  Conclusions

The present study provides a comprehensive review about 
the gaps in SBE therapy, current status of ASV manufac-
turing, global distribution, and the economical remedies 
to provide a holistic approach for SBE management. For 
an SBE victim, the acquisition of ASV demands a pain-
ful journey with multiple hurdles with unsure outcomes. 
The critical point in this journey is the administration of 
a safe and effective ASV, which is often not available due 
to the uneven distribution of SBE burden and ASV manu-
facturing across the world with the latter being limited to 
a few countries. Even in countries with ASV production 

abilities, ASVs are produced against a few species only 
and only a few manufacturers export their ASVs to other 
countries. Furthermore, the quality of the imported ASVs 
is not guaranteed and some countries even import ASVs 
against species that are not even found in their country, 
despite the availability of specific anti-snake venoms in 
other countries. A self-reassessment for the currently 
imported ASVs and enhanced support for ASV supply is 
thus needed at the international level. Also, although sig-
nificant advancements have been made in the strategies 
for ASV production, it is still underproduced and is in 
short supply in different countries. Many countries, espe-
cially in Africa, do not have approval for imported ASVs 
despite the high SBE burden. Consequently, there is a huge 
imbalance between ASV demand and supply and the need 
for ASV is far more than estimated. We thus call for a 
reassessment of the global ASV demand, procurement and 
distribution policies, and enhanced responsibility of both 
manufacturers and importers for ASV quality. Also, urgent 
attention is needed towards ASV manufacturing and/or 
cross-reactivity studies for species for which no ASV is 
available. Additionally, a PROMISE approach, comprising 
several simple and economical steps have been proposed 
in this article that can be taken to overcome the hurdles to 
SBE management without major costs. The findings of this 
study could also serve as a ready reference for the clini-
cians and policy makers who want to educate themselves 
about the ASVs available in their country, and neighbor-
ing areas.
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