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Africa remains one of the regions with the highest incident and burden of snakebite. The goal of the World Health
Organization to halve the global burden of snakebite by 2030 can only be achieved if sub-optimal access to

Keywords: antivenoms in the most affected regions is addressed. We identified upstream, midstream, and downstream
AﬂtiVEﬂ'UmS ) factors along the antivenom value chain that prevent access to antivenoms in the African region. We identified
:E?];ZEHC envenoming windows of opportunities that could be utilized to ensure availability, accessibility, and affordability for
Accessibility snakebite endemic populations in Africa. These include implementation of multicomponent strategies such as
Affordability intensified advocacy, community engagement, healthcare worker trainings, and leveraging the institutional and
Africa governance structure provided by African governments to address the challenges identified.

1. Background

The chance of getting bitten by a snake, remote as it may seem, is real
for majority of the population in the tropics. The continuous encroach-
ment by humans of the ecosystem hitherto occupied by venomous
snakes makes this more realistic. All inhabitants of affected countries,
especially rural poor populations, live with the reality of being among
the over 5.4 million bitten yearly by snakes with half as many devel-
oping envenomation that results in nearly 140,000 deaths (Gutierrez
et al., 2017; WHO, 2021; Harrison et al., 2009). Chippaux estimated a
million bites per year in Africa as far back as 1998 with more recent
works suggesting much higher numbers (Chippaux, 1998; Habib et al.,
2015a). In addition, for every death from snakebite, there are three
victims surviving with long-term physical or psychological sequelae
such as amputation, blindness, physical disabilities, anxiety, depression,
and posttraumatic stress disorder (Muhammed et al., 2017; Habib et al.,
2020).

Antivenoms, i.e., preparations of immunoglobulins or immuno-
globulin fragments purified from the plasma of animals immunized with
venoms, constitute the mainstay in the therapy of these envenomations
(Gutierrez et al., 2017). Thus, identifying and addressing challenges
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along the whole snake antivenom value chain remain a priority for
reducing the burden of this neglected tropical disease. Following intense
and persistent advocacy, the WHO declared snakebite envenomation as
a category A neglected tropical disease (NTD) in 2017, and by 2019 set
the goal of halving the global burden of snakebite by 2030 (Minghui
et al,, 2019). Finding and addressing factors that militate against
achieving this target is an important determinant of success. While there
are no appropriate placebo-controlled Randomized Controlled Trials
determining efficacy, there is evidence antivenoms are effective in
reducing mortality from snakebite (Hamza et al., 2021; Habib and
Warrell, 2013; Iliyasu et al., 2015). Thus, access to safe and effective
antivenom remains a rate limiting step to effective control of snake
envenomation (Gutierrez et al., 2017; Minghui et al., 2019). By exten-
sion, it contributes towards achieving the United Nations’ (UN) Sus-
tainable Development Goal (SDG) 3.8 - “access to safe, effective, quality
and affordable essential medicines and vaccines for all” (UN General
Assembly, 2017). For populations affected with endemic snakebite,
availability of antivenoms contributes towards achieving Universal
Health Coverage (UHC).

Despite recognition of the effectiveness of antivenoms against mor-
tality, as with other vaccines and biologicals, there is the need to
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democratize the capacity/technology for development, funding, regu-
lations, and other demand and supply factors affecting availability and
effective utilization. The WHO and other key stakeholders should utilize
the lessons learnt from polio eradication initiative as well as control of
other vaccine preventable diseases to ensure the political will required
for snakebite control is in place.

Even though the WHO has included snake antivenom in the first ever
published list of essential medicines, the lack of access to these medi-
cines in resource-limited settings should be addressed. These challenges
and their effects have been detailed in earlier works by Potet et al.
classified into upstream, midstream, and downstream factors, and the
multicomponent strategy expounded by Gutierrez et al. a concise sum-
mary of these concepts is presented in Table 1 (Gutiérrez et al., 2014;
Potet et al., 2021; Pedrique et al., 2013; Wirtz et al., 2016). Effective
strategies to enhance access to medicines in resource-limited settings
need to be tailored to the specific product characteristics, the clinical
context and the target populations vis a vis their socio-cultural and
political peculiarities (Potet et al., 2021).

Regulatory capacity for quality control and African readiness
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One of the major challenges for development of biomedicals is the
capacity for regulation and quality control. Manufacturers need good
regulatory capacity for approval of their products to ensure accept-
ability. Even though most countries in Africa have regulatory agencies,
the capacity to regulate, evaluate and establish safety and efficacy of the
products remain sub-optimal. This has led to flooding of the market with
substandard products, leaving little space for quality antivenoms, with
misconceptions on management of snakebites further complicating an
already bad situation (Potet et al., 2021). Based on these challenges,
earlier works on challenges of availability and accessibility of antivenom
recommended multifaceted interventions including but not limited to
development of regional hubs for development, evaluation, and regu-
lation of antivenoms alongside other recommendations by the WHO
Strategy for Prevention and Control of Snakebite Envenoming (WHO,
2019). To address this problem, the WHO established an independent
assessment of antivenoms to support procurement agencies and public
health officials decide which antivenoms are likely to be safe and effi-
cacious, that its quality, safety and efficacy are acceptable, and that,
when used to treat snake bite in the countries in which it is marketed, its

Table 1
Factors that limit availability and accessibility of antivenoms from design and manufacture to point of care (adapted from Potet et al. (2021) and Gutiérrez et al.
(2014)).

Factor Challenges Implications Solution

Upstream factors
1. Adequacy of
manufacturing

2. Quality of antivenoms

3. R&D for new antivenoms

Mid-stream factors

1. Regulatory capacity for
evaluation, validation, and
registration

2. Cost and financing

Downstream factors
1. Availability and
accessibilty

2. Rational use

3. Community perception
and misconception

1. Most manufacturers primarily aim to address
local needs (some like the Serum Institute of
India produce for external use)

1. Poor interest from large multinational
pharmaceutical producers

1. Poor adherence to good manufacturing
practice (GMP)

1I. Lack of regulatory capacity to register/
license quality antivenoms

III. Use of substandard products

1. Poor capacity of some endemic countries to
manufacture or purchase new antivenoms

II. Limited local R&D capacity for antivenom
development

Lack of capacity to evaluate and register
antivenoms

1. Lack of cost-effective approach to
procurement, distribution, and utilization of
antivenoms

1. Antivenoms not prioritized among the
essential drug list by countries healthcare
financing models

1. Effective antivenoms often unavailable in
countries they are needed

11. Poor distribution of antivenoms to some
remote areas where they are needed

Lack of capacity of frontline health workers to
determine the need for antivenoms and use the
correct antivenom

Use of unorthodox, potentially harmful
interventions

1. Inadequate number of
manufacturers

1I. Inadequate doses to address
need

1II. Lack of species-specific
antivenom in some countries
IV. Vulnerability of endemic
countries depending on foreign
supply

1. Flooding of market with
substandard antivenoms

11. Poor outcomes from use of
substandard antivenoms

Lack of effective antivenoms to
address envenoming from local
species in some instances

1. Flooding of the market with
products that haven’t been
evaluated thoroughly

II. Procurement, distribution, and
widespread use of substandard
antivenoms

1. High cost of antivenoms

II. Resort to substandard, cheap,
and harmful antivenoms

III. Increased use of unorthodox,
harmful practices

1. Use of ineffective, substandard
antivenoms

11. Lack of access to effective
antivenoms in remote areas when
needed

1II. Resort to unorthodox and
harmful practices

1. Wastage of antivenoms

1I. Poor utilization of antivenoms
III. Stock outs

Suboptimal utilization of
antivenoms

1. Increase number of local manufacturing hubs

1I. Increase capacity of existing manufacturers to address
need

III. Create facilities for collection of venoms from local
snake species

IV. R&D to address species-specific envenomation

V. Higher level interventions (WHO, Africa CDC, others) to
address commercial interest of manufacturers and
advocate for corporate social responsibility

1. Advocacy for and improving capacity for GMP

1. Improve regulatory capacity for registration and
licensing

1. Advocacy for local ownership of the efforts to address
antivenom production to address locally relevant species
II. Strengthening local R & D capacity in universities and
private and public institutions

1. Strengthen capacity for assessment, validation, and
registration of antivenoms

11. Foster partnerships between regulatory agencies and
university research groups to strengthen local regulatory
capacity

1. Develop regional stockpiles that will enable more
competitive pricing

11. Develop regional stockpiles that will improve the cost-
effectiveness of antivenoms of proven quality

Develop national and regional mechanisms of antivenom
acquisition and distribution based on sound
epidemiological information and effective deployment
strategies

1. Train healthcare workers on clinical assessment of
envenomations and utilization of antivenom

11. Provide off site support using a hub-and-spoke model
II1. Build capacity for use inventory for managing stock
I. Improve risk communication and community
engagement

II. Promote effective communication channels with
traditional healers on the correct management of
envenomations
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benefits will outweigh any foreseeable risks. The process involves joint
desk review assessment, as well as WHO laboratory evaluation to
confirm essential product features like proof of preclinical efficacy,
supplemented by on-site inspection by regulatory, herpetological and
medical experts from the relevant African countries, complemented by
international experts. Consequently, only antivenoms with favourable
risk-benefit ratio will be entered into a list on the WHO website.
Furthermore, the WHO’s Global Benchmarking Tool (GBT) for objective
evaluation of regulatory systems provide both an evaluation and quality
improvement platform with four defined Maturity Levels (MLs), for
National Regulatory Agencies (NRAs). A minimum of ML3 is needed for
NRAs to be provided approval and oversight to enable them to apply for
WHO Pre-Qualification (PQ). This PQ in turn is required before any
manufacturer could export vaccines to most self-financing countries and
the UNICEF. In this regard, efforts by the WHO to publish “target
product profile” (TPP) for antivenoms intended for use in Sub-Saharan
Africa is a welcomed development a process that is ongoing now. The
TPP describes the characteristics needed to produce good antivenoms
for Africa thereby supporting the efforts towards designing and pro-
ducing new antivenoms that really respond to needs of the African
countries. In addition, the ongoing efforts by the Africa CDC to develop
capacity for manufacture of vaccine could be leveraged upon to address
the antivenom need. The Partnerships for African Vaccine
Manufacturing (PAVM) Framework for Action is another window of
opportunity to address regulatory requirements for antivenom produc-
tion in Africa. Program 3 of the PAVM viz: ‘Strengthening National
Regulatory Agencies and Regional Centers of Regulatory Excellence to
build vaccine regulatory excellences’ specifically outlined the re-
quirements and steps needed by the continent to achieve them. More-
over, there is another Africa Union specialized agency, the African
Medicines Agency (AMA), that aims to enhance the capacity of African
Union Member States and Regional Economic Communities (RECs) to
regulate medical products to improve access to quality, safe and effi-
cacious products in the African continent. It will carry out regulatory
oversight of medicinal products through convening of pooled scientific
expertise, coordinating data collection and information sharing among
countries and RECs, leverage on existing Regional Hubs and Regional
Centers of Excellence to jointly assess and inspect medicines and vac-
cines for priority diseases in Africa and strengthen networking for
optimal use of the limited resources. This agency, among other efforts,
will also perform market surveillance to regulate and reduce substand-
ard and falsified medical products in African Countries. The existing and
ongoing efforts of this agency can be leveraged in the regulation of
antivenoms to ensure its safety and efficacy in the continent.

1.1. Estimates of burden and budgetary need

Any effort on addressing the antivenom need should factor the
essential needs in terms of the burden of snakebite, the predominant
species, institutional capacity requirement, logistics for distribution and
cold chain maintenance, human resource, training, and supportive su-
pervision. There is abundant information in the literature on the burden
of snakebite, projected antivenom need, and estimated cost to meet the
need (Chippaux, 2011; Halilu et al., 2019).

However, it is necessary to improve the information on the actual
burden of snakebites in different African countries, so as to have a more
robust platform on which to build strategies for improving antivenom
accessibility and availability. To make progress, a dedicated group
should take the advocacy and lobby further to ensure that deliberate
steps are taken to ensure that the key stakeholders are engaged and
prevailed upon to make the political and financial commitment to
translate the data for action to tangible deliverables.

One of its strategic approaches of the African Union Continental
Framework for the control and elimination of NTDs is to increase po-
litical engagement to increase domestic resources for research and
development of NTDs in African countries. This is also highlighted in the
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fourth pillar of the Africa CDC’s call for a New Public Health Order that
advocates for increased domestic investment in Health. So, to make
progress, a dedicated group should take the advocacy and lobby further
to ensure that deliberate steps are taken to ensure that the key stake-
holders are engaged and prevailed upon to make the political and
financial commitment to translate the data for action to tangible
deliverables.

1.2. Facilities producing antivenom in Africa

It is important to review the antivenoms intended for use in Africa,
locally produced or by international manufacturers that distribute their
products in Africa. This information should include, among other ele-
ments, the types of antivenoms they produce, what percentage of
venomous snakes are covered, what is the volume of production and
whether the production rate and capacity is enough to address the
needs. Moreover, it is necessary to have a detailed understanding on the
preclinical efficacy of these antivenoms towards the medically most
relevant snake venoms in various African countries, especially in those
where these antivenoms are distributed.

Table 2 summarised the facilities producing antivenoms used in Af-
rica, country of production, and venoms against which antivenom is
active according to product insert. It is striking that only one manu-
facturer of antivenoms intended for use in sub-Saharan Africa is actually
located in sub-Saharan Africa: this is SAVP, a public manufacturer based
in South Africa.

1.3. Facilitating sustainable local production

The two public health institutions with mandate for public health
response in the African region provided clear guidance and commitment
to sustainable development of vaccines and biologicals. The WHO in its
strategy rightly placed countries at the centre of all efforts to address
snake envenomation (WHO, 2019). In addition, the Africa CDC also
made it clear in its new public health order that was derived from lessons
learnt from COVID-19 and focuses on five key elements: local produc-
tion of therapeutics, vaccines and diagnostics; respectful, action ori-
ented partnerships; increased domestic financing; a strong public-health
workforce and strengthened public-health institutions (Nkengasong and
Tessema, 2020; Nkengasong et al., 2017; CDC, 2022). All the five pillars
will be key to any efforts to ensure acquisition or production, equitable
distribution, and rational and effective use of antivenoms in the region.
Through the leadership of the continent’s public health institutions,
Africa should be able to use existing knowledge of geographical distri-
bution of snakes in the region and available expertise, to strategically
station antivenom production structures that will address antivenom
needs of the continent. In the short-term, the power of collective bar-
gaining should be used to procure and distribute antivenoms from
existing producers with home transfer of technical expertise and tech-
nology will be agreed as part of the massive procurement agreement. An
example of where this concept has been successfully implemented is the
Africa Medical Supplies Platform, a joint initiative between the African
Union, Africa CDC, Afreximbank, and UNECA with the support of
several partners, which allowed countries to benefit from preferential
access and prices to COVID-19 vaccines and other consumables through
pooled procurement. This platform can be leveraged to improve access
to diagnostics and treatment such as antivenom.

The lessons learned from the pandemic and structures already
established therefrom could be utilized for this purpose. The recent
realization that less than one percent of vaccines used in Africa are
produced within the continent and the impact on this on effective
response to pandemics and other health emergencies led to development
of the PAVM (African Union, 2022). This initiative aims to increase local
production of vaccines to 60% by the year 2040. For this, the continent
should consider up-front investment in infrastructure, materials, and
technical capacity. Similar efforts should be promoted in the field of
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Table 2
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Summary of antivenom available for use in Africa, country of production, the type of active substance and the species covered.

Name of Facility and Country ~ Brand Name African country used 1gG Type Species venom active against (according to product Status of WHO
insert) assessment
Polyspecific
Bharat Serums and Vaccines, ASNA antivenom C Sub-Saharan Africa F(ab)2— Bitis arietans, B. gabonica, B. nasicornis, Dendroaspis. No risk-benefit
India (ASNA-C) equine angusticeps, D. jamesoni, D. polylepis, E. carinatus, Naja assessment
haje, N. melanoleuca, N. nigricollis, N. nivea
Bharat Serums and Vaccines, ASNA antivenom D Sub-Saharan Africa F(ab’)2— B. arietans, B. gabonica, B. nasicornis, D. angusticeps, D. No risk-benefit
India (ASNA-D) equine jamesoni, D. polylepis, E. ocellatus, N. haje, N. assessment
melanoleuca, N.
nigricollis, N. nivea
MicroPharm Ltd, United Fav-Afrique (FAV-A) Sub-Saharan Africa F(ab’)2— B. arietans, B. gabonica, D. jamesoni, D. polylepis, D. No risk-benefit
Kingdom equine viridis, assessment
Echis leucogaster, E. ocellatus, N. haje, N. melanoleuca, N.
nigricollis
MicroPharm Ltd, United Favirept North Africa F(ab)’2 B. arietans, Cerastes cerastes, D. deserti, E. leucogaster, M. No risk-benefit
Kingdom deserti, N. haje, N. nigricollis assessment
Instituto Clodomiro Picado, EchiTabPlus (ET-Plus) Nigeria; Burkina Faso, Intact IgG B. arietans, B. gabonica, B. rhinoceros, B. nasicornis, E. Undergoing risk-
University of Costa Rica, Central African Republic, = —equine ocellatus, E. leucogaster, E. pyramidum, E. coloratus, N. benefit
Costa Rica South Sudan nigricollis, N. ashei, N. mossambica, N. katiensis assessment
Inosan Biopharma, S.A., Inoserp Pan-Africa Benin; Burkina Faso; F(ab’)2— B. arietans, B. gabonic, B. nasicornis, B. rhinoceros, D. Terminated risk-
Spain (Inoserp-P) Gabon; Ghana; Guinea; equine angusticeps, D. jamesoni, D. polylepis, D. viridis, E. benefit
Cote D’Ivoire; Kenya; leucogaster, E. ocellatus, E. pyramidum, N. haje, N. assessment
Mali; Senegal; Tanzania; katiensis, N. melanoleuca, N. nigricollis, N. nivea, N.
Togo; Uganda; Cameroon pallida
Institut Pasteur d’Algerie, IPAVIP Antiviperin Algeria 1gG2a C. cerastes, Macrovipera lebetina No risk-benefit
Algeria Sera assessment
Egyptian Organisation for Polyvalent Anti-Snake Egypt F(ab’)2 C. cerastes, N. haje; N. nubiae No risk-benefit
Biological Products and Serum assessment
Vaccines (VACSERA),
Egypt
Egyptian Organisation for Polyvalent Anti-Vipers  Egypt F(ab’)2 C. cerastes, E. coloratus, E. pyramidum No risk-benefit
Biological Products and Serum assessment
Vaccines (VACSERA),
Egypt
Instituto Bioclon/Silanes, Antivipmyn-Africa Sub-Saharan Africa F(ab’)2— B. arietans, Positive risk-
Mexico (Antivip-A) equine E. ocellatus, E. pyramidum, E. romani benefit
assessment
Premium Serums and Snake Venom Sub-Saharan Africa F(ab’)2— B. arietans, B. gabonica, B. nasicornis, B. rhinoceros, D. Undergoing risk-
Vaccines, India Antiserum -PanAfrica Equine angusticeps, D. jamesoni, D. polylepis, D. viridis, E. benefit
(Premium-A) carinatus, E. assessment
leucogaster, E. ocellatus, N. nigricollis, N. haje, N.
melanoleuca
Premium Serums and Snake Venom Sub-Saharan Africa F(ab’)2— B. rhinoceros, E. carinatus, D. polylepis, Daboia russelli No risk-benefit
Vaccines, India Antiserum - Central Equine assessment
Africa (Premium-CA)
Premium Serums and Combipack of Snake Sub-Saharan Africa F(ab’)2— B. rhinoceros, E. carinatus, Daboia russelli, D. polylepis No risk-benefit
Vaccines, India Venom Antiserum Equine assessment
(African- Ten)
South African Vaccine SAIMR Polyvalent South Africa F(ab)2— B. arietans, B. gabonica, D. angusticeps, D. jamesoni, D. Undergoing risk-
Producers (SAVP), South Antivenom equine polylepis, Hemachatus haemachatus, N. annulifera, N. benefit
Africa melanoleuca, N. mossambica, N. nivea assessment
VINS Bioproducts, India Snake Venom Kenya; Cote D’Ivoire F(ab)2— B. arietans, B. gabonica, D. jamesoni, D. polylepis, D. Undergoing risk-
Antiserum African - 10 (Ivory Coast); Nigeria; equine viridis, E. leucogaster, E. ocellatus, N. haje, N. benefit
(Afriven 10) Ghana; melanoleuca, N. nigricollis assessment
Zambia; North Africa
VINS Bioproducts, India Menaven, Snake North Africa F(ab) 2— C. cerastes; N. haje; N. nigricollis No risk-benefit
Venom Antitoxin equine assessment
VINS Bioproducts, India Snake Venom Sub-Saharan Africa F(ab)'2— N. nigricollis, N. haje, D. polylepis, B. arietans, E. ocellatus ~ No risk-benefit
Antiserum Echiven equine assessment
Plus
VINS Bioproducts, India Anti-Snake Venom F(ab)'2— B. gabonica, E. carinatus, Daboia russelli, D. polylepis No risk-benefit
Serum Central equine assessment
Africa (VINS-CA)
Biological E Limited, India Anti Snake Venom Sub-Saharan Africa F(ab)2— B. arietans; C. cerastes; D. deserti; E. leucogaster; N. haje; No risk-benefit
Serum Central Africa - equine N. nigricollis assessment
6
Biological E Limited, India Anti Snake Venom Ghana F(ab’)2— B. arietans, B. gabonica, D. jamesoni, D. polylepis, D. No risk-benefit
Serum Pan Africa - 10 equine viridis, E. leucogaster, E. ocellatus, N. haje, N. assessment
melanoleuca, N. nigricollis
Monospecific
MicroPharm Ltd, United EchiTAbG Nigeria Intact IgG E. coloratus, E. ocellatus, E. pyramidum Positive risk-
Kingdom —ovine benefit
assessment
Institut Pasteur de Tunis, Gamma-Vip Tunisia F(ab)'2 C. cerastes, M. lebetina No risk-benefit
Tunisia assessment

(continued on next page)



M.M. Dalhat et al.

Table 2 (continued)
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Name of Facility and Country ~ Brand Name African country used 1gG Type Species venom active against (according to product Status of WHO
insert) assessment
South African Vaccine SAIMR Echis South Africa F(ab) 2— E. carinatus, E. ocellatus, E. coloratus, E. pyramidum, C. No risk-benefit
Producers (SAVP), South equine cerastes assessment
Africa
South African Vaccine SAIMR-Boomslang South Africa F(ab)’2— Dispholidus typus No risk-benefit
Producers (SAVP), South (SAIMR-Boom) equine assessment
Africa
VINS Bioproducts, India Snake venom Sub-Saharan Africa F(ab)'2— E. ocellatus No risk-benefit
antiserum Echis equine assessment
ocellatus (VINS-Echis)
VINS Bioproducts, India Snake Venom Sub-Saharan Africa F(ab)'2— E. ocellatus No risk-benefit
Antiserum (Echiven) equine assessment
Biological E Limited, India Anti Snake Venom Sub-Saharan Africa F(ab’)2— E. ocellatus No risk-benefit
Serum Monovalent equine assessment

Echis ocellatus

antivenoms.
To achieve the above milestones, the following sequence of steps
should be taken by the continent:

1. A committee of experts, advocates, and vaccine champions
should be formed to come up with a strategy aimed at bringing
the who and who in public health of the continent. They could
meet online for their deliberations and have a few strategic
physical meetings funded by the WHO and/or Africa CDC. The
outcome of their deliberations will include mapping of infra-
structure, regulatory capacity, the identification of medically
relevant snake species, the burden of snake envenomation in the
various sub-regions or countries, and available infrastructure,
manpower, and funding. This effort could work synergistically to
facilitate realization of the $4.29 m and $15.58 m budgeted/
proposed for 2019-2020 and 2021-2024 in the WHO strategy
(WHO, 2019).

2. A compendium of existing global manufacturers producing and
supplying the continent should be collated, analysed, and prior-
itized with a view to engage and secure their commitment
through the proposed collective bargaining. Earlier efforts at
documentation should be followed up and optimized (Potet et al.,
2021).

3. The result from above should be used to brief the African Union
Heads of State and Government and WHO continent leadership
with the aim of advocating for and securing commitment for the
strategy

4. A revolving fund for antivenom procurement, stockpiling, and
distribution should be establish for the African region same way
similar structures were formed for Nigeria and the West African
sub-region (Dada et al., 2022). This will serve as a stop gap
measure to address the immediate needs for vaccine while more
sustainable structures are being formed. The WHO planned
launch of the pilot phase of African antivenom stockpile at the
beginning of 2023 could utilize the lessons learned from the
revolving fund for outbreak response that was successful in the
health security space.

5. Advocate for hub-and-spoke approach to snakebite management
by identifying and strategically training healthcare workers that
could provide consultations and mentorship to harder to reach
populations (Hamza et al., 2020). The use of drones could serve
remote locations requiring immediate access to antivenoms. This
is being used for distribution of life-saving commodities like
blood and vaccines, among others (Sham et al., 2022; Sing et al.,
2019; Nwannekanma, 2022)

6. Use the universal health coverage debate to ensure antivenoms
are part of essential drugs list within countries. The cost of anti-
venom should be part of the basic services covered by health
insurance in endemic countries.

7. Strategically commence work towards antivenom production
based on the WHO Roadmap for regional public-private part-
nerships for antivenom production in LMICs.

8. Advocate for counterpart funding from individual nation states or
collectively through the continental pool with Africa CDC using
the potential for good return on investment based on computa-
tion that evaluate under which conditions the cost of establishing
the antivenom production plant would compare favourably with
the cost of importation of antivenom needs for the continent.
Given the economy of scales of the burden of snakebite in Africa,
a business case could be made in addition to lives saved and other
opportunity costs related to the burden of snake envenomation in
the region could be a strong advocacy tool (Habib et al., 2015b)

9. Engage the private sector to contribute to these aims by utilizing
their social corporate responsibility and incentives like tax
breaks.

10. Maintain advocacy and monitoring and evaluation based on
evidence-based project management tools to maintain the what-
ever momentum gained from above steps

1.4. Improving demand, correct, and rational use of antivenoms

This goal has been captured by the one of the five pillars of the new
public health order by Africa CDC: a strong public-health workforce and
strengthened public-health institutions (Nkengasong and Tessema,
2020). For endemic regions, training healthcare workers on effective
management of snakebite is as important as training for infection pre-
vention and control, antimicrobial stewardship, and surveillance and
response to outbreaks. There should be advocacy for utilization of
training opportunities for other public health priorities to capture
snakebite management. A hub-and-spoke model could be used to pro-
vide supportive supervision and on-the-job training from more special-
ized centers to more rural, under-staffed settings where most of the
burden is. The use of telemedicine to support this could be explored.
This will provide confidence, access, and increased use of antivenoms on
one hand, and ensure more rational use and reduced wastage on the
other hand. Furthermore, sensitising the public on the need for prompt
reporting to established healthcare facilities for access to efficacious
antivenoms could create demand and enhance the utilization of
antivenoms.

2. Advocacy for research and development, funding, and
equitable distribution

2.1. Procurement
As mentioned above, local production of therapeutics, vaccines and

diagnostics through trusted partnerships are in line with the first two
pillars of Africa CDC’s new public health order (Nkengasong and
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Tessema, 2020; African Union, 2022). Given that this is a long-term
approach, in the interim, the WHO and Africa CDC should provide
leadership for procurement and equitable distribution of vaccines the
same way COVID19 vaccines, and IPC consumables were procured and
distributed. This should be through rigorous estimation of the volume of
antivenom needed, solid epidemiological information, and anticipated
rational antivenom use.

2.2. Quantity and quality of antivenoms

As part of the mapping of resources and technical capacity earlier
mentioned, Africa should identify hubs with regulatory capacity to be
responsible for quality assurance of antivenoms. They should serve as
quality control hub for procurement and/or production of antivenoms
for the continent. The demonstration of preclinical and clinical efficacy
of antivenoms distributed in African countries, either produced locally
or elsewhere, is of paramount relevance to attain this goal.

2.3. Logistics, supply chain, and viability

The African continent has vast experience with logistic and supply
chain maintenance with managing the AIDS pandemic through the U.S.
President’s Emergency Plan for AIDS Relief (PEPFAR) and Global Fund
as well as Polio eradication initiatives through the GAVI initiatives
among others. This should be utilized to support the logistics for equi-
table distribution of antivenoms. As mentioned earlier, newer technol-
ogies like the use of drones could address viability and supply to hard-to-
reach populations. The ongoing efforts by the Africa CDC to acquire and
distribute COVID-19 vaccine through the Saving Lives and Livelihood
Programme as well as other initiatives should be leveraged upon to
address other public health priorities like snake envenomation.

3. Policy implications

The ultimate solution for lack of quality and affordable antivenoms
in Africa, and of the effective clinical management of these envenom-
nations, is a multi-pronged approach of having locally produced anti-
venom driven by African governments and institutions, complemented
by strategic acquisition of safe and effective antivenoms manufactured
abroad, and supervised by rigorous regulatory policies (Gutiérrez,
2018). This should be driven by the primary objective of reducing
morbidity and mortality from snake envenomation.

3.1. Future directions

The ambitious goal of the WHO to halve the global burden of
snakebite by 2030 provide a window of opportunity to intensify advo-
cacy to address the multicomponent challenges that militate against
availability and accessibility of safe and effective antivenoms. The case
for locally produced antivenoms, driven by African governments have
been made repeatedly by the scientists. There is the need to focus on
leveraging the institutional and governance structure provided by Af-
rican government through the Africa CDC under the African Union to
bring all stakeholders and ensure synergy of efforts towards ensuring
long-term and sustainable flow of antivenoms. These will include the
upstream, mid-stream, and downstream factors as earlier highlighted
and advocated for by other workers. In parallel, training programs for
physicians, nurses and other health care workers should be promoted,
together with community engagement efforts aimed at improving pre-
vention and early management of envenomations.
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