
NATURE BIOTECHNOLOGY   VOLUME 25   NUMBER 2   FEBRUARY  2007 173

Bringing antivenoms to Sub-Saharan Africa
Roberto P Stock, Achille Massougbodji, Alejandro Alagón & Jean-Philippe Chippaux

To reduce unacceptably high death rates from snakebite envenomation, sub-Saharan Africa must adopt not only a 
new generation of multivalent biotech antivenoms, but also an infrastructure to deliver them.

Envenomation by snakebite is a ubiquitous 
problem, as there are poisonous snakes 

in every continent and almost every country 
(Table 1). Although arthropod stings constitute 
the most common cause of envenoming by ani-
mals, around 80% of deaths by envenomation 
worldwide are caused by snakebite, followed by 
scorpion stings, which cause 15%. Morbidity 
and mortality by snakebite vary widely (both 
globally and within countries/regions) for 
reasons that span the ecological (local snake 
species and behavior) and the social (activities 
that may increase the probability of man-snake 
encounter, access to care and antivenom). In 
regions where urban population is relatively 
high—Europe and North America, for exam-
ple—there is, obviously, a lower incidence of 
bites/envenomations, but also far lower mor-
tality1. The former is probably related to the 
relatively low abundance of dangerous snakes, 
whereas the latter is a consequence of the 
degree of access to appropriate medical care, 
which is critically dependent on the availabil-
ity of effective antivenoms. We describe here 
our experience in the design, development and 
implementation of an approach to the problem 
of the near absence of healthcare for enven-
omation by snakebite in Africa. The problem 
is, of course, one among many, but it is not 
minor and in places mortality by snakebite can 
be even higher than that of malaria.

Epidemiology of snakebites in Africa
In Africa, snakebites are a problem mostly 
south of the Sahara. In the desert itself, both 
the human and snake populations are so sparse 
that the probability of encounter is marginal. 

About 20,000 deaths a year are attributed to 
severe envenomation, and a number at least 
equally large results in severe morbidity and 
suffering which, short of death, may result in 
permanent impairment by limb loss (by ampu-
tation if treated, by necrosis if not). In Africa, 
two distinct syndromes are recognized: first, 
those caused by the carpet vipers (Echis) and 
the adders (Bitis), which are mostly hemor-
rhagic and necrotic; and second, neurotoxic 
syndromes caused by elapids, such as cobras 
(Naja) and mambas (Dendroaspis)2. The 
viperine syndromes are overall by far the most 
common causes of morbidity and death, but 
certainly the severity and rapidity of evolution 
of neurotoxic envenomations tend to be greater 
and their therapeutic window more limited.

Snakebites are a real risk for rural popula-
tions, mostly living in villages far from health-
care centers, which have traditionally (when 
they were available) held stocks of antivenoms. 
The vast majority of victims are rural workers 
engaged in traditional or minimally mecha-
nized agricultural-pastoral labor, which in 
most sub–Saharan African nations constitute 
the vast majority of the population (Fig. 1). 
Incidence can be as low as 10–20 bites per 
100,000 inhabitants to over 1,000/100,000, 
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Table 1  Global extent of envenomation by snakebitesa

Region
Population
( × 106) Bites Envenomations

Deaths
(% mortality)

Europe 750 25,000 8,000 30 (0.38)

Middle East 160 20,000 15,000 100 (0.6)

USA/Canada 270 45,000 6,500 15 (0.23)

Latin America 400 300,000 150,000 5,000 (3.3)

Africa 800 1,000,000 500,000 20,000 (4.0)

Asia 3,500 4,000,000 2,000,000 100,000 (5.0)

Oceania 20 10,000 3,000 200 (6.6)

Total 5,900 5,400,000 2,682,500 125,345
aPercentage mortality is calculated by dividing deaths over envenomations1.

The green mamba Dendroaspis angusticeps. 
Although arboreal, it is often found in agricultural 
land like tea or mango plantations; its venom 
contains a variety of neurotoxins, including post-
junctional toxins, fasciculins, augusticeps-type 
toxins and synergistic-type toxins.
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depending on region, seasonal factors (rain 
seasons), types of plantation1, snake species 
and local uses (work hours, structure of habi-
tations, nature of work).

Antivenoms
In the 1950s, antivenoms were welcomed in 
Africa as a great hope and their introduction 
was followed by a rising trend in production 
and utilization which, after the independence 
of most African nations, lasted until the 1980s. 
However, a downward spiral in production, 
distribution and use has, since then, reduced 
the antivenom commercialized throughout the 
continent to <20,000 vials today from ~250,000 
doses/year 25 years ago3,4. The overall need for 
antivenom across the continent has been esti-
mated as 1.5–2 million doses/year.

So how did we get to this state of affairs? 
One off-the-cuff hypothesis would posit the 
inefficacy of antivenoms, causing them to be 
abandoned as useless; alternatively, their dis-
appearance could be due to factors other than 
their lifesaving potential. In point of fact, as 
we will see, antivenoms have disappeared 
from Africa for reasons wholly other than 
their utility, even as our knowledge of applied 
biochemistry and immunology has allowed 
both the efficacy and safety of antivenoms to 
be improved by leaps and bounds.

The answer has to do, in part, with the his-
tory of antivenoms, which are just antibody 
preparations capable of inactivating and 
accelerating clearance of relevant venom com-
ponents from the victim’s system. Originally, 
antivenoms were just antisera: serum from ani-
mals repeatedly immunized with venoms of the 
appropriate species of snake. These first-gen-
eration antivenoms have been known since the 
end of the 19th century thanks to the works of 

Césaire Auguste Physalix and Albert Calmette. 
The next stage came with the development of 
efficient means to enrich the antibodies, ideally 
separating the protective fraction from other 
serum components known to be responsible 
for frequent adverse effects ranging from mild 
to life-threatening, immediate (e.g., several 
types of hypersensitivity, reaching anaphylac-
tic shock) or delayed (e.g., severe serum sick-
ness). Today, antivenoms consist of very pure 
antigen-binding immunoglobulin fragments 
of high neutralizing potency and are very well 
tolerated by the majority of patients if appro-
priately purified and stabilized5.

Manufacture and development of new anti-
venoms have benefited from the considerable 
advances in applied biochemistry and immu-

nology of the past decades; thus, an industry 
that just a couple of decades ago was operating 
at a fundamentally empirical level, with robust 
methods that were nonetheless not easily con-
trolled or assessed, today is supported by an 
array of analytical and technical resources. It 
can be argued, consequently, that antivenom 
production has left the field of ‘artisan biologi-
cals,’ de facto entering the sphere of biotech (if 
not de jure, as the denomination ‘antiserum’ 
is still widely used, even though a modern 
antivenom bears as much resemblance to an 
antiserum as pure penicillin to a crude extract 
of moldy bread).

The very necessary refinement of antive-
noms has, of course, had an impact on the 
costs of production, making them among the 
most expensive drugs to produce, and here lies 
the trigger of the vicious cycle that has led to 
the current plight (Fig. 2). Antivenoms have 
become expensive, therefore, many fledgling 
African health systems decrease (or cease alto-
gether) their purchase, making them more 
scarce, which in turn makes production less 
attractive to the multinational pharmaceutical 
and biotech industries, which either increase 
prices or, more frequently, stop production 
altogether6. The two most disturbing results 
are a disappearance of medical personnel with 
the skills to use antivenoms and a fall in the 
confidence in Western-type medicine by local 
populations.

The initiative
So how can the current situation be improved? 
Given that appropriate antivenoms are not only 
effective, but absolutely necessary for prevent-
ing and arresting the evolution of the local and 

The cobra Naja nigricollis rarely bites but spits a neurotoxic venom that may cause blindness.

The ocellated carpet viper Echis ocellatus, which is found mainly in West Africa, delivers hemorrhagic/
necrotic venom in its bite.
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systemic consequences of envenomation, the 
absence of care can stem from three factors: a 
poor recognition of requirements (due to lack 
of relevant epidemiological data or failure to 
understand the real medical problem); insuf-
ficient supplies of antivenom (due to inad-
equate production and/or distribution); an 
inappropriate analysis of the characteristics of 
consumption (such as ignorance of the symp-
tomatology of envenoming and how to treat 
it or a low acceptance of Western-type medi-
cine). Consequently, the information required 
for a rational policy could be derived from: an 
analysis of requirements for antivenom (with 
the critical parameters of morbidity and mor-
tality used to estimate the needs); an analysis 
of supply, based on information at the level 
of producers and prescribers; an analysis of 
consumption at the level of prescribers (that 
is, reluctance to use antivenoms) and patients 
(refusal to receive antivenoms, or Western-type 
medicine in general). A solution must, after an 
improved understanding of the demand for 
and constraints on the use of antivenoms, aim 
to improve supply, improve efficacy and safety, 
reduce antivenom prices, improve distribution 
and train personnel4.

The problem of envenomation in Africa 
has been followed by few researchers, and 
in 2001, at the ‘World Health Organization 
(WHO) Workshop on the Standardization 
and Control of Antivenoms’ in Potters Bar, 
UK, the deficit (‘crisis’) of antivenoms for the 
treatment of envenomations by African snake 
species and the need of concerted initiatives 
to produce adequate antivenoms were dis-
cussed7. In November 2004, the 2nd Meeting on 
Envenomation in Africa was held in Cotonou, 
Republic of Benin, attended by antivenom pro-
ducers, as well as physicians and researchers 
from ten West and Central African countries. 
In a roundtable the status of the epidemiol-
ogy of snakebite in Africa was summarized 
as follows: some countries in Africa have suf-
ficient epidemiological information to estab-
lish appropriate care programs tailored to the 
needs of most of the population at risk, most 
countries have preliminary data to enable pilot 
programs to be implemented and a few coun-
tries lack data altogether8.

In a collaborative project between the 
Instituto de Biotecnología (Mexico), the 
Institut de Recherche pour le Développement 
(France) and the Instituto Bioclon (Mexico), 
we developed an antivenom, Africamyn, spe-
cific for sub-Saharan African snakes. Four 
criteria were deemed essential in its design: 
high efficacy, safety and stability and low cost. 
It consists of lyophilized equine F(ab´)2 frag-
ments specific against the following ten species 
of snake: Echis ocellatus, Echis leucogaster, Echis 

pyramidum; Bitis arietans, Bitis gabonica; Naja 
nigricollis, Naja haje, Naja pallida, Naja mela-
noleuca; Dendroaspis viridis and Dendroaspis 
polylepis.

Efficacy should be understood as the capac-
ity of the antivenom to quickly inactivate and 
remove toxic venom components. Clearly, the 
specificity of the antivenom must encompass 
those snakes of medical importance, both in 
terms of number of victims and severity of 
untreated envenomation. Sufficient, albeit 
uneven, epidemiological information exists 
now for most of the continent to establish that 
the single most medically important snake spe-
cies is the ocellated carpet viper (E. ocellatus, a 
strict savannah dweller), which according to 
several authors may be responsible for over 
70% of deaths throughout the continent. Thus, 
a monovalent E. ocellatus antivenom should 
suffice to treat 70% of severe envenomations. 

This apparently simple situation is, however, 
complicated by several factors. Although life-
threatening and widely distributed, E. ocellatus 
is not the only species, and it often coexists with 
other dangerous snakes; in fact, E. ocellatus may 
be the most common venomous snake in a par-
ticular region of a country but be completely 
absent in contiguous regions where there may 
also be a high incidence of snakebite.

An example of this is in the Republic of 
Guinea, where in the northern savannah E. 
ocellatus is the most dangerous species; how-
ever, contiguous to it and separated by just a few 
kilometers lies the hilly region of Kindia, where 
incidence of envenomation by very toxic elapids 
(such as cobras and mambas) is exceptionally 
high8. Although for the overall continent, ela-
pids account for, at most, 10% of envenom-
ations, in Kindia they represent well over 30%. 
Furthermore, in some countries E. ocellatus is 

Savannah

Forest

Unmodified

Cotton PineappleSugar cane

Primary forest Village plantations

Oil palm Coconut Rubber Cocoa

Not poisonous

Causus

Echis

Other viperidae

Elapids

Bananas

Piled Drained

Ivory Coast Benin

Village plantations

Figure 1  Relative snake populations in several types of commercial and subsistence village plantations 
by comparison to unmodified savannah (top) and forest (bottom) environments, to illustrate the 
increased relative risks of encounter between people and dangerous snakes such as Echis ocellatus and 
several other species of vipers, as well as some elapids (cobras).
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not even present, such as in the Democratic 
Republic of Congo, the second most populous 
country in Africa and one with the richest snake 
biodiversity. Another confounding factor is that 
the offending snake is identified only in very few 
cases, and although a clinical assessment by an 
experienced physician conversant with local 
epidemiology could conceivably speculate with 
relative accuracy on the identity of the ophidian 
culprit, such expertise is virtually nonexistent in 
the vast African countryside.

Polyvalent antivenoms that cover the most 
common species of African vipers and elapids 
should, consequently, be preferred to mon-
ovalent ones, thus simplifying distribution 
(one antivenom for all), testing and thera-
peutic procedures (prescribers will not need 
to speculate on the nature of the snake). Two 
challenges face any such ‘universal’ antivenom 
effort. First, technical issues—there is a limit 
on the number of venoms that can be used 
to immunize horses and obtain a sufficiently 
high neutralizing antibody response to each, 
and also a limit on the amount of protein that 
can be contained in a dose of antivenom, which 
is in the order of 10% or 100 mg/ml. Second, 
economic constraints—the cost of venoms, 
the greater number of horses required and, 
especially, potency testing against an increas-
ing number of venoms, which is accomplished 
by in vivo lethality assays. These issues are not 
insurmountable, however, and thus a single 
antivenom effective against well over 90% 
of envenomations continent-wide is indeed 
feasible. An antivenom such as this should 
cover on the order of ten species of vipers 
and elapids belonging to the genera enumer-
ated above. There are, of course, other species, 
other genera (e.g., Atheris or Boulengerina) and 
even whole families (Atractaspididae and some 
Colubridae); however, their medical relevance 
is much lower according to existing epidemio-
logical data.

An antivenom must be safe in terms of 
adverse events, in such a way that it may be 
used with an acceptable safety margin even in 
environments lacking specialized healthcare 
services for treatment of severe iatrogenic 
complications. The safety of any drug must, 
of course, be carefully established, but in the 
case of antivenoms in general—and those for 
use in conditions prevailing in Africa in par-
ticular—this parameter is of critical impor-
tance. Traditionally, antisera were considered 
a ‘heroic’ therapeutic resort due to the signifi-
cant risks associated with their use, established 
very early on. Thus, it was common practice 
to delay treatment with antivenom until the 
risks associated with its use were balanced by a 
graver prognosis without them.

Today, academic bickering notwithstanding, 
there is a consensus that appropriately purified 
immunoglobulins are very rarely the cause of 
adverse events more serious than a mild dis-
comfort to a minority of patients9. This is, as 
mentioned, of critical importance, because any 
realistic attempt to reduce morbidity and mor-
tality requires that antivenoms reach the rural 
populations at risk and be therefore used in 
minimally equipped peripheral facilities.

In most of Africa, delay between bite and 
consultation is enormous, with means rang-
ing from hours to days according to country, 
region and center (e.g., 22 h for Northern 
Benin, 16 for Nigeria and Togo; ref. 1). If 
antivenoms can be used with a wide safety 
margin and simple protocols (e.g., direct intra-
venous injection versus complicated infusion 
schemes), then they can be distributed far and 
wide in minimally equipped health centers 
and dispensaries to be used even by paramedi-
cal personnel, thus significantly reducing the 
delay between envenomation and treatment, 
which improves outcome and minimizes suf-
fering and the probability of serious disabling 
sequelae.

The functional stability of an antivenom that 
must reach outlying health centers with a rela-
tive low frequency of delivery (due to remote-
ness or poor communications), and which will 
be stored until use, is critical in tropical tem-
peratures. All proven antivenoms are, or were, 
supplied in a liquid form that requires a cold 
chain for delivery and storage. Considering 
that most of these centers are not equipped 
with reliable, if any, power sources, the need 
for cold storage makes, a priori, any antive-
nom reliably useful only where proper storage 
is available. This means, by and large, cities or 
district hospitals often covering areas of more 
than 10,000 km2, with poor communications, 
thus increasing the delay between bite and con-
sultation and treatment (and even knowledge 
of antivenom existence at the village level). A 
properly lyophilized preparation can be stored 
for years at tropical room temperature, thus 
enabling irregular supplies to be kept at remote 
and/or poorly equipped centers.

The cost of antivenoms is high relative to 
most other drugs. This is due to the reagents 
needed (e.g., quality venoms of well-estab-
lished origin and toxicity10), the complexities 
of their labor-intensive elaboration (hus-
bandry and immunization of animals, pro-
cessing of plasma and antibody purification, 
quality control and potency testing) and also 
to their status as drugs to be used exceptionally 
in developed nations. Cost must, therefore, be 
reduced to a minimum still viable for produc-
tion by the private sector. This reduction can 
be best achieved by the sale of large quantities, 
such as those needed in Africa, which in turn 
requires implementation of national health 
policies, with the state purchasing sufficient 
amounts and distributing them throughout the 
healthcare pyramid. A critical step is the abso-
lute minimization of intermediaries between 
producers and the public.

The vicious cycle: how to durably change it
Initiatives tackling health problems such as 
the one here can be broadly classified as two 
types: those aimed at providing medicines in 
the hope that they will arrive where they are 
supposed to and will be properly used, and 
those aimed at establishing self-sustaining 
health policies. A health policy in this case 
starts with an antivenom of the characteris-
tics outlined above. Health authorities must be 
aware of the problem (as many are) and have 
at least preliminary data (as many do). Health 
authorities must be willing to make antivenom 
available at all levels of the health system pyra-
mid, with emphasis on peripheral centers, and 
this is in principle true if prices are reason-
able and performance satisfactory. In addition, 
state and local organizations should subsidize 

Loss of confidence

Rejection of healthcare centers

Restricted supply

No antivenom available

Shrinking market

High cost
Technological 
improvement

Figure 2  The vicious cycle which has reversed the course of the trend of improved care of 
envenomation started in the 1950s with the introduction of antivenoms in several African nations and 
lasting into the 1980s.
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acquisition and/or distribution of antivenoms 
in countries with high incidence of snakebite, 
and probably implement specialized agen-
cies (perhaps following the model of Poison 
Control Centers in North America) in charge 
of acquisition, distribution, data gathering and 
training. Of course, participation of interna-
tional agencies such as the WHO should be 
welcome, but their role should be catalytic and 
in no instance attempt to substitute for local 
competence, which must be built through 
education if it is going to last.

Our experience in the Republic of Benin has 
relied on academic and health authorities to 
begin to implement such an approach, and the 
mode chosen for introduction of the antivenom 
was that of the phase 3 clinical trial in a coop-
erative study. Benin is, in some significant ways, 
a leader in the West African region as it has 
a healthcare structure that, although limited, 
covers the vast majority of the country with 
centers ranging from dispensaries with para-
medical personnel to better-equipped district 
hospitals. Besides the extent of the healthcare 
establishment, a clinical trial provides evidence 
on safety and efficacy and, when conducted by 
local healthcare professionals (after training 
and initially supervised by experts) generates 
much needed clinical experience, increasing 
the awareness of effective alternatives to tra-
ditional medicine. In the longer term, it sows 
the seeds for critical assessment of that which 
is claimed effective—be it of traditional heal-
ers or unscrupulous larger commercial inter-
ests—essential to the development of effective 
medical establishments, still in their infancy in 
most of the continent.

Initiatives must rely on local healthcare 
providers, and the process of implementation 
will depend critically on the effort invested in 
educating and training healthcare workers. 
Our study was a multicenter effort involv-
ing 11 centers ranging from village centers to 
district hospitals, and although the detailed 
results of it exceed the scope of this article, it 
indicates that populations in general are well 
disposed to antivenom treatment and, further-
more, that medical personnel is largely will-
ing to use it provided that they are shown how 
and that positive clinical evolution is evident. 
Physicians in Africa, for many reasons, are not 
as ill-disposed to antivenoms as their coun-
terparts in more developed nations. In part, 
this stems from their lack of experience with 
‘traditional’ antisera and their often serious 
iatrogenic effects, but also from the fact that 
little more can be done about envenomation 
there where it is most frequent. Antivenoms 
will not magically reduce mortality and mor-
bidity to zero, even if completely available, but 
they will certainly quickly remove a majority 

of patients from danger and may give the rest 
more time to arrive at facilities where they may 
receive better ancillary treatment (e.g., trans-
fusions or treatment of necrotized tissues and 
ensuing infections). It could be expected that 
antivenom only, in the present circumstances, 
could diminish mortality by 70% and, as the 
cycle of distribution, awareness and experience 
takes hold and shortens the time between bite 
and therapy, mortality could be reduced 90% 
over the following years, and more if ancillary 
therapy is extended in the continuous develop-
ment of the health pyramid.

All of these constitute minimum require-
ments to transform, as quickly as possible, 
the vicious cycle into a virtuous cycle (Fig. 3), 
leading to increased confidence in antivenom 
in particular and realistic (for the prevailing 
conditions) Western-type medicine in gen-
eral. This, in turn, would result in a facilitating 
effect for the implementation of more exten-
sive health initiatives for improved patient care. 
Today, in most African countries, less than half 
(sometimes <20%) of the victims seek care in 
health centers, even in serious envenomation 
cases; this very low recourse to the available 
healthcare infrastructure makes implementa-
tion of health policies of any sort very difficult. 
Antivenoms, through the rapid and successful 
treatment of conditions as harrowing as severe 
envenomation, are an ideal showcase for jump-
starting policies sorely needed throughout 
Africa. It must be kept in mind that envenom-
ation by snakebite is a very rapidly progressing 
acute condition unlikely to happen more than 
once in a lifetime, thus making the chronologi-
cal and material requirements very different 
from those for care of chronic or reinfection-
dependent conditions (e.g., malaria, dysentery) 
or slowly receding, chronic diseases, such as 
tuberculosis, that require prolonged treatment 
regimes. These initiatives have existed in the 
past, but their continuity—as opposed to just 

sending a lot of antivenom as donation under 
the benign auspices of one or another agency 
for as long as funds are available—is essential to 
make a lasting difference. After the biotechno-
logical challenges are resolved, as they seem to 
have been for some time, planning, education 
and perseverance are still required; if these are 
invested congruously along the general lines we 
outline above, there is a worthy probability of 
success and a moral imperative to try.
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Figure 3  Transformation of the vicious cycle into a virtuous cycle by judicious application of some 
simple policies coupled to an increased supply in antivenom.
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