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Access and benefit-sharing following the 
synthesis of horsepox virus
To the editor — In January 2018, PLOS 
ONE published the chemical synthesis 
of horsepox virus (HPXV) by a group of 
privately funded Canadian researchers. The 
authors state that “[s]ince HPXV may be 
extinct and the only specimen of HPXV 
that has been identified is unavailable 
for investigation, we explored whether 
HPXV could be obtained by large-scale 
gene synthesis.”1 The DNA sequence of 
the HPXV genome was published2 in 2006 
and is publicly available in the US National 
Institutes of Health GenBank database. 
The Canadian researchers used the HPXV 
genome sequence as the digital template 
to ‘rematerialize’ the virus using DNA 
fragments ordered from a commercial 
provider in Germany. Viruses from the 
genus Orthopox have particular genetic 
structures (like terminal hairpin loops) that 
make them difficult to both sequence and 
reverse engineer, but the Canadian group 
overcame such technical difficulties using a 
helper virus, recreating a “faithful copy” of 
the HPXV template1.

The de novo synthesis of a virus so 
closely related to the now eradicated 
smallpox virus was said to have crossed 
“an important Rubicon in the field of 
biosecurity,” bringing “the world one step 
closer to the re-emergence of smallpox as a 
threat to global health security.”3 In a purely 
technical sense, the research was simply 
an extension of previous synthetic biology 
projects that have seen the synthesis of other 
microorganisms like poliovirus4, the 1918 
pandemic strain of H1N1 influenza virus5 
and the bacterium Mycoplasma genitalium6. 
Scientists are starting to overcome the 
technical barriers associated with the de novo 
synthesis of simple lifeforms. The synthesis 
of HPXV appears to be the first time that a 
whole microorganism has been engineered 
specifically because the physical sample was 
not readily available to researchers as a result 
of regulatory constraints.

The strain of HPXV that was synthesized 
was based on a genetic sequence originally 
isolated from horses in Mongolia in 1976. 
This strain is now stored at the US Centers 
for Disease Control and Prevention (CDC) 
in Atlanta, USA. The CDC isolate is likely 
the last remaining HPXV sample as the 
disease it causes is thought to have been 
driven to extinction through modern animal 
husbandry practices. While it was specifically 

the synthesis of the HPXV that caused 
the controversy, this was not the ultimate 
intent of the Canadian research group. 
Their ostensible long-term aim is to create a 
novel alternative to the vaccinia-virus-based 
vaccines against smallpox.

Conflicting narratives have emerged 
surrounding the reasons the research group 
did not obtain the physical virus sample on 
which to conduct their vaccine research. The 
first, contained in the PLOS ONE article, is 
that the HPXV specimen was “unavailable 
for investigation,”1 implying that the CDC 
was either unable or unwilling to provide 
their sample to the researchers. The second 
explanation is that the specimen was in 
fact available from the CDC subject to the 
terms of a material transfer agreement, 
but the researchers were not prepared to 
enter into such an agreement as they felt it 
might hamper their ability to commercialize 
their research at a later date7. In an 
interview with US National Public Radio 
the corresponding author of the study, 
David Evans, expressed concern that there 
would be future restrictions on the research 
they were permitted to conduct using the 
CDC’s sample, stating that such restrictions 
presented “a major problem if one hopes 
to have any future commercial ‘freedom to 
operate’”.7 It is not clear what restrictions 
were envisaged in this instance; however, 
the response to this or other concerns by 
the research group realizes an emerging 
issue: where technically possible, scientists 
may synthesize genetic resources to avoid 
real or perceived regulation on the access to 
physical genetic resources. As this example 
demonstrates, for all research leading to 
commercialization, the legal provenance of 
the materials is a key consideration. With the 
increasing regulation of biological materials 
under the evolving international regimes on 
access and benefit-sharing (ABS), this has 
become even more complicated.

Virus access and benefit-sharing
In 2007 the Indonesian government cited 
the United Nations’ 1992 Convention on 
Biological Diversity (CBD) when it claimed 
sovereignty over the H5N1 influenza virus 
samples that were isolated within its national 
borders8. This action precipitated the 
adoption of the World Health Organization’s 
(WHO’s) Pandemic Influenza Preparedness 
(PIP) Framework, which “recognize[d] 

the sovereign right of States over their 
biological resources.” The recognition of 
viruses as “genetic resources” subject to 
ABS provisions under the CBD and its 
2010 Nagoya Protocol on Access to Genetic 
Resources and the Fair and Equitable 
Sharing of Benefits Arising from their 
Utilization (Nagoya Protocol) was delayed 
in comparison to other genetic resources 
that have a clearer role in environmental 
conservation. Viruses are now regulated 
as the sovereign genetic resources of 
the nation state from which they were 
isolated, despite the viruses themselves not 
respecting sovereign borders, as the cliché 
goes. At the international level, influenza 
viruses with human pandemic potential 
are regulated as sovereign resources under 
the PIP Framework and all other viruses 
are considered sovereign genetic resources 
under the CBD. This notion of “viral 
sovereignty” may even extend to viruses that 
were isolated before the entry into force of 
the CBD9.

The CBD affirms that “the authority 
to determine access to genetic resources 
rests with national governments and is 
subject to national legislation.” To regulate 
access to their sovereign genetic resources, 
a number of countries have implemented 
domestic legislative, administrative and 
policy measures that require potential 
users to obtain the prior informed consent 
of the providers and establish mutually 
agreed terms for the use of their resources. 
Those terms may include sharing some of 
the benefits of research and development 
with the provider of the genetic resources. 
The Nagoya Protocol further expanded the 
definition of genetic resources to include 
“derivatives,” and while it encourages 
countries to implement “simplified measures 
on access for non-commercial research 
purposes,” research scientists usually have 
to obtain consent before using genetic 
resources from other nations. For scientists 
in the biological fields, the terms “genetic 
resources” and “derivatives” are likely to 
cover just about every naturally occurring 
organism or part thereof, including plants, 
animals, fungi, spores, parasitic worms, 
yeasts, DNA, RNA, enzymes, biochemicals 
and so on.

Evans’s comments to National Public 
Radio indicate that the HPXV researchers 
may have been aware of the sorts of 
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limitations that might be imposed when 
accessing the physical sample of HPXV, 
including the potential requirement 
to engage with Mongolian authorities 
and share some of the eventual benefits 
associated with their R&D activities. In 
this instance, the researchers had a clear 
view to commercializing a new vaccine 
against smallpox. Rather than negotiating 
access terms with the providers of the 
physical sample, they seemingly made the 
determination that it would be easier and 
more cost effective to recreate that sample 
from scratch. The chemical synthesis 
of HPXV was reported10 to have cost 
around $100,000; that this might have 
been deemed more cost effective than 
agreeing to the terms of a material transfer 
agreement is a particularly concerning 
development for ABS. When presented with 
a regulatory hurdle, it appears that scientists 
may preferentially opt for a scientific 
workaround. Genetic technologies are likely 
to become more user-friendly and cheaper 
over time, so it is likely that this sort of 
calculus will be factored into the decisions of 
researchers more often.

accessing genetic sequence data
The CBD and Nagoya Protocol define 
genetic resources as “material,” meaning 
that the very important intangible aspects of 
those resources, including genetic sequence 
data (GSD), are not presently within their 
regulatory ambit. Similarly, many of the core 
elements of the PIP Framework’s current 
ABS provisions (for example, the Standard 
Material Transfer Agreements) apply only 
to “PIP biological materials” and not to the 
associated genetic sequence information. 
This means that pharmaceutical companies 
and other manufacturers must enter into 
an agreement with the WHO to access 
the physical pandemic influenza samples. 
Meanwhile, the production of influenza 
vaccines is no longer solely dependent 
on physical virus samples; they can be 
produced directly from viral GSD11 that is 
freely available online from databases like 
GenBank. Thus, the incentives for entering 
into an agreement that was designed to help 
the world prepare for an influenza pandemic 
are dramatically diminished. The same 
general proposition applies to other genetic 
resources where the use of the information 
has been separated from the need to possess 
the physical, tangible materials; this process 
can be described as the dematerialization of 
genetic resources.

The ability to synthetically recreate 
organisms to which ABS regulations might 
otherwise apply is something that the ABS 
community has been discussing for some 
time. This problem and how it might be 

addressed by the various ABS regulatory 
complexes is under active discussion, with no 
clear resolution in sight. Recent milestones 
have been the commissioning of independent 
research to scope the problem12–14 and 
submissions from interested governments 
and other parties15. These discussions began 
in the context of scientists being able to 
engineer single genes of interest, but we are 
now moving into an era that will see the 
ready synthesis of entire organisms. Despite 
these scientific advances, access to physical 
genetic resources will still be required, such 
as for the testing of the efficacy of medical 
countermeasures, including diagnostics, 
antivirals and vaccines, where synthesis 
costs are presently prohibitive or where 
certain synthesis methods are protected 
by intellectual property. However, as the 
HPXV example demonstrates, the costs 
and technical difficulty of virus synthesis 
are rapidly decreasing. Even where virus 
synthesis is not a complete replacement for 
physical genetic resources, it has significant 
potential to disrupt the underpinnings 
of current ABS regimes. In 2016, the PIP 
Advisory Group Technical Working Group 
on the sharing of influenza GSD noted that 
the handling of GSD “has gained importance 
given the recent development of synthetic 
biology technologies … [which] raise 
questions about the broader implication of 
sharing and using [influenza viruses with 
human pandemic potential] GSD, notably 
with respect to benefit sharing under the 
PIP Framework.”14 As the 2007 Indonesian 
example so starkly demonstrated, provider 
countries can stop the flow of genetic 
materials until their ABS concerns have 
been adequately addressed. Countries may 
also start to limit the publication of the 
GSD derived from their genetic resources 
on public repositories if they deem that 
benefit-sharing imperatives are not  
being met.

rethinking inefficient regulation
Attempting to regulate access to physical 
genetic resources to direct some of the 
benefits associated with their use to the 
providing nation is an extremely inefficient 
form of regulation. Having what amounts 
to the instruction manual for recreating 
the physical resources published in 
open access databases makes capturing 
those benefits even more difficult. This 
is particularly problematic for relatively 
simple microorganisms like viruses16, and 
the WHO is probably the furthest along 
when it comes to considering how these 
issues will affect their regime for accessing 
influenza viruses with pandemic potential. 
But regulating GSD along with physical 
genetic resources at the upstream end of the 

R&D pipeline risks imposing more access 
barriers to the non-commercial research 
community, potentially leading to less use 
rather than regulatory compliance. It would 
also cut against the strong culture of open 
access in the scientific community that 
was reflected in the fight to keep genetic 
sequences available during the Human 
Genome Project17.

This may also be an opportunity to 
consider whether there are better ways of 
achieving the goals of ABS — the equitable 
distribution of benefits arising from the 
use of genetic resources — while ensuring 
access to genetic sequence data for the 
advancement of science, innovation and 
public health. The current ABS model harks 
back to the early 1990s, when contracts were 
considered to be the best instruments for 
agreement between those holding genetic 
resources and those wanting to access 
those physical resources. For high-value 
transactions and resources that have an 
imminent use, this was probably worth 
the high transaction costs of negotiating 
unique material transfer agreements. Most 
natural materials in research, however, 
have little immediate value, and imposing 
onerous obligations to negotiate, store, 
record and report on materials over decades 
has imposed a high cost on scientists with 
scarce research funding and time. Similar 
issues arise where it is not known whether 
a genetic resource will have imminent use 
but rapid distribution is a priority — such 
as with an emerging infectious disease with 
pandemic potential like COVID-19. In 
theory, this contractual ABS model captures 
the benefits for a narrow and defined public 
by enclosing the materials in legalities. An 
alternative is open access, which allows the 
benefits to dissipate to a broader public. 
Open access does away with contractual 
arrangements and is the current favored 
model for sharing and distributing GSD.

To be an equitable and acceptable 
alternative, open access to the physical 
genetic resources and continued open 
access to the associated GSD must also 
capture and share some of the benefits of 
their use with provider nations. One option 
might be taxes or levies paid not by specific 
user parties, but by broader publics (often 
governments). This would conceptualize 
genetic resources and associated GSD 
as community goods, the use of which 
could be funded in a similar vein to other 
public expenses like defense, social welfare, 
research and education. The CBD and 
Nagoya Protocol ABS regime already has a 
“financial mechanism” to facilitate this type 
of funding approach whereby developed 
countries could contribute funds to 
developing countries, although greater detail 
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on how these funds would be distributed 
and expended will need to be considered. 
Similarly, an often overlooked advantage 
of the PIP Framework is its Partnership 
Contribution, which assesses annual dues 
for companies accessing genetic resources 
from the global influenza surveillance and 
response system and allocates those funds 
to pandemic preparedness and response 
capacities in countries that require support. 
These options may provide a more efficient 
means to capture benefits for all parties 
while easing the barriers to accessing 
physical samples and genetic sequence 
information. The de novo synthesis of 
HPXV demonstrates that scientists can and 
will work outside the reach of current ABS 
regulations because of actual or perceived 
costs and consequences. This serves as 
forewarning that, while the goals of the 
current ABS regimes are important, their 
obligations risk being perceived as overly 
onerous and may need to be recast in a 
way that does not hinder the progress of 
scientific research. ❐
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