Advances in science and technology related to the Convention
Summary
The Seventh Review Conference decided that the 2012 to 2015 intersessional programme
would include a Standing Agenda Item on review of developments in the field of science and
technology related to the Convention. This paper expands upon and updates the background
information document on advances in scientific and technology prepared by the ISU for the
2013 Meeting of Experts (BWC/MSP/2013/MX/INF.01/Rev.1), the background paper on
advances that have potential benefits for the Convention prepared for the 2012 Meeting of
Experts (BWC/MSP/2012/MX/INF.3), and the overview of advances in enabling
technologies provided to the 2012 Meeting of Experts (BWC/MSP/2012/MX/INF.1).
I. Advances in science and technology
A. Introduction
1.
The Seventh Review Conference decided that under the Standing Agenda Item
reviewing developments in the field of science and technology related to the Convention
States Parties will consider:
"(a)
new science and technology developments that have potential for uses
contrary to the provisions of the Convention;
(b)
new science and technology developments that have potential benefits for the
Convention, including those of special relevance to disease surveillance, diagnosis and
mitigation;
(c)
possible measures for strengthening national biological risk management, as
appropriate, in research and development involving new science and technology
developments of relevance to the Convention;
(d)
voluntary codes of conduct and other measures to encourage responsible
conduct by scientists, academia and industry;
(e)
education and awareness-raising about risks and benefits of life sciences and
biotechnology.
(f)
science- and technology-related developments relevant to the activities of
multilateral organizations such as the WHO, OIE, FAO, IPPC and OPCW;
(g)
any other science and technology developments of relevance to the
Convention." 1
2.
The Seventh Review Conference also decided that "the following topical scientific
subjects will be considered in the years indicated:
"(a)
advances in enabling technologies, including high-throughput systems for
sequencing, synthesizing and analyzing DNA; bioinformatics and computational tools;
and systems biology (to be considered in 2012);
(b)
advances in technologies for surveillance, detection, diagnosis and mitigation
of infectious diseases, and similar occurrences caused by toxins in humans, animals and
plants (to be considered in 2013).
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(c)
advances in the understanding of pathogenicity, virulence, toxicology,
immunology and related issues (to be considered in 2014);
(d)
advances in production, dispersal and delivery technologies of biological
agents and toxins (to be considered in 2015)." 2
3.

This background information document provides an overview of:

(a)
advances in the understanding of pathogenicity, virulence, toxicology, immunology
and related issues;
(b)
advances related to dealing with disease, updating background information provided
in 2013 (BWC/MSP/2013/MX/Rev.1) and in 2012 on advances with potential benefits for the
Convention (BWC/MSP/2012/MX/INF.3);
(c)
advances in enabling technologies, updating background information provided in
2012 (BWC/MSP/2012/MX/INF.1)
B. General Trends
The background document on advances in science and technology compiled by the ISU for
the Seventh Review Conference identified six trends: convergence between disciplines;
increasing understanding of the underlying principles and mechanisms of the life sciences;
shifting focus of priority areas within commercial biotechnology; a greater geographical
distribution of capacity; open science; and media, perceptions and interactions with society.
The 2013 ISU background document on the same topic noted a seventh trend: the increased
use of research collaborations. 3 These trends all remain extant. Some updates include the
continued shift away from small molecule drugs to biotechnology products for the
pharmaceutical industry; 4 continued R&D efforts for hundreds of new vaccines and drugs; 5
and ongoing initiatives to make vaccines and drugs available to all, noticeable for instance
through the growth in the biosimilars market, estimated to reach $1.95 billion by 2018, and
the continued expansion of the Developing Countries Vaccine Manufacturers Network. 6
An eighth trend may now be added: the growing tacit knowledge requirement for life science
work. 7 Researchers attempting to replicate experiments raised the alarm on the growing
difficulty of reproducing research; this issue has become so severe that those seeking to
replicate results obtained at another lab are now encouraged to do so through joint work. 8
This trend is, in part, driving the seventh trend: research collaborations are set up to bring
together the “barrage of high-end equipment that no one can afford,” 9 but also to pool the
tacit knowledge required to effectively employ these pieces of sensitive equipment. The
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security implications of tacit knowledge have also been considered in the context of:
synthetic biology; 10 and for the regime addressing the threat posed by biological weapons. 11
II. Advances in the understanding of diseases, including pathogenicity, virulence,
toxicology, and immunology
A. Transmissibility
There is an increased understanding in the nature of mutations necessary to make certain
diseases air-transmissible, sometimes without causing loss of pathogenicity. This has been
achieved in part through controversial gain-of-function research. Of note were
•

two 2013 studies which produced a series of hybrids of the H5N1 and H1N1 avian
influenza viruses capable of spread via respiratory droplets. The research teams used a
similar methodology as employed in the 2013 H5N1 papers but employed highthroughput approaches, such as directed evolution; 12

•

the announcement by a collection of leading researchers of the intent to undertake
gain-of-function research on H7N9 avian influenza viruses. The authors proposed and
discussed the ethics of their planned studies before carrying out the research; and 13

•

a 2014 study in which a research group undertook gain-of-function research with the
H7N1 avian influenza virus and were able to demonstrate that this virus was able to
spread in ferrets (a mammal) without a loss of virulence. 14

B. Pathogenicity and virulence
There is new data and analysis on inhalational variants of diseases caused by pathogens that
might be relevant to the Convention, including: a new hypothesis for the mechanism by
which inhalational anthrax kills; 15 and a more detailed understanding of primary pneumonic
plague. 16
There is a growing knowledge base on strain-specific disease virulence and pathogenicity,
including: why certain influenza strains are more adept than others at growing in human lung
tissue; 17 the discovery of a virulence plasmid in some Non-Typhoidal Salmonella strains; 18
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and how strain differences lead to different innate immune responses, which in turn impacts
mortality rates. 19
There have been advances in the understanding of plant-pathogens interaction, including the
structure and function of virulence proteins. 20
There is a better understanding of the role played by some cytokines, which are small
proteins involved in cell signalling, during the course of diseases, for example the detected
cytokine response in A(H1N1)pdm09 influenza patients. 21
There has been progress in understanding how bacteria and viruses spoof or hijack host
machinery to regulate their own proliferation, 22 for example for the bacteria Streptococcus
pyogenes. 23
C. Toxicology
A new botulinum toxin serotype, Type H, was discovered in 2013, over 40 years after the last
serotype discovery. 24 There are now eight known serotypes of this toxin. The genetic
sequence was voluntarily withheld by the researchers, at least until an antitoxin can be
developed.
There is a greater understanding of ricin toxin including: work on neutralizing monoclonal
antibodies for ricin, with vaccine potential; 25 and the creation of a ricin genetic interaction
map, with therapy potential. 26
New details of toxin evolution has been uncovered thanks to the genome sequencing of toxins;
for example, the dynamic predator-prey evolution of cobra toxin has been analysed using this
technique. 27
Efforts have been made to improve the efficacy of testing the toxicity of chemicals, including
through the use of living human tissues grown through 3D bioprinting. 28
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D. Resistance
There has been progress in identifying resistance genes, in identifying mutations which lead
to these resistance genes, and in knowing whether mutations for resistance impact replication
and pathogenicity. Some examples include: the identification of malaria resistance genes in a
species of mosquito; 29 the partial identification of H1N1 mutations leading to Tamiflu
resistance; 30 and the finding that oseltamivir resistance gain in H7N9 can occur without
substantially altering its virulence and pathogenicity. 31
E. Immunology and host response avoidance
Progress has been made in identifying immune system evasion mechanisms used by a
number of pathogens, including: those which use RNA structural motifs; 32 the evasion role of
surface structures of flaviviruses; 33 and a new hypothesis which holds that the primary effect
of the B. anthracis toxin in inhalational anthrax cases is to assist in host response evasion. 34
Progress has also been made in understanding pathogen - host response dynamics, including:
the interplay between Mycobacterium tuberculosis and the host macrophage; 35 better
understanding of MicroRNSas and their role in host antimicrobial defense; 36 and an increased
recognition of the crucial role of miRNA in regulating antimicrobial defense. 37
Investigation into the persistence of immune response in humans to disease has continued,
including that of persistent immune responses following Ebola Virus infection. 38
A “generic” antibody-binding protein has been found, and which may be used by certain
bacteria for host immune response evasion. 39 The protein is capable of binding with a broad
array of antibodies, preventing the latter from functioning. Previously, antibody-binding
proteins had been highly specific to a particular antibody. Research on potential applications
is ongoing, including for novel anti-bacterial therapeutics.
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F. How pathogens evolve and spread
Advances in enabling technologies, such as genome sequencing, continue to reveal valuable
information on a number of pathogens. Some examples of new findings include the
formulation of a hypothesis to explain Ebola virus evolution based on an analysis of 27 Ebola
virus strains from 5 species; 40 increased evidence that bats are a natural reservoir for Ebola
and Marburg viruses based on the complete viral genome sequence studies of four viral
hemorrhagic fever outbreaks; 41 and the discovery based on genomic analysis that the Y. pestis
strain responsible for the first known human plague pandemic is a novel branch in the Y.
pestis phylogeny. 42
Progress continues on building a better understanding of influenza, in particular its capability
for mutation, including: details of reassortments between H7N9 and H9N2 strains; 43 and the
determination of actual substitution positions in H3N2, which revealed that H3N2 mutations
were more predictable than thought. 44
III. Advances in enabling technologies
A. Characterizing biological systems and networks
DNA sequencing costs have continued to decrease: in January 2014, the price for sequencing
a genome was down to roughly $4000, from just over $5000 in October 2013. 45 Similarly, the
cost of human gene mapping has steadily gone down. 46
Developments in gene sequencing are also illustrating the importance of non-coded
regulatory control, for example, there has been progress in mapping the epigenetic basis of
complex traits. 47
Proteomics (the study of all the proteins in an organism) has continued to benefit from
technology developments and new techniques. For instance, there has been progress in
rapidly determining the biological functions of a proteome by application of Proteomics
Expansion Pipeline (PEP) technology; 48 and a new method called High-Resolution
IsoElectric Focusing (HiRIEF) Liquid Chromatography–Mass Spectrometry (LC-MS)
enables deeper proteome coverage and unbiased proteogenomics, enabling identification of
previously unknown protein-coding loci. 49
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Advances in metabolomics (the study of all the biochemical processes or metabolism of an
organism) have potential application to microbial forensics. For example, unique strainspecific metabolic processes can increasingly be matched with particular environmental
niches, allowing for greater specificity in the origin of a pathogen. 50
A genetic interaction mapping system for mammals has been designed. The technique is
based on combinatorial RNA interference, and allows one to map genetic pathways of
different phenotypes. 51
Experimental-computational techniques for inferring network models of cell response to
perturbations has continued to mature. 52 These models can be used, for example, to estimate
drug effects on particular cell lines.
B. Engineering biological systems and networks
It is now possible to design organisms with an expanded genetic alphabet. 53 That is, one can
add new unnatural base pairs to expand on the standard two-base-pair genetic alphabet (A-T
and G-C) in DNA.
It is now increasingly possible to employ DNA manipulation and gene circuit engineering on
mammalian cells, in part through the use of the CRISPER-Cas9 system. For example, genemodified monkeys have been engineered using this method. 54
The capability to genetically modify insects is increasingly harnessed; for instance, the use of
genetically modified mosquitoes has been approved in Brazil in an attempt to fight dengue
fever. 55
The synthesis of a eukaryotic chromosome has been achieved. 56 Progress continues in the
quest to synthesize an entire yeast genome and is being pursued by an intercontinental
research group.
There is an increased capacity for the design and employment of biological scaffolds. For
example, there is a new understanding of bacteria growth patterns, which can be used to
create synthetic gene circuits for biological scaffolds. 57
It is now possible to “write” membranes onto graphene surfaces through the use of Lipid DipPen Nanolithography, which can be applied to biosensor design. 58
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The capability to “reprogram” killer T lymphocyte cells, for instance to specifically target
cancer cells or HIV, is now well established. 59 This research provides an avenue for novel
disease treatment. 60
There is progress in achieving better control of production processes. For instance, there is
now a better understanding of noise propagation, which can cause significant variation in
gene expression and phenotype in genetically identical cells exposed to the same
environment. 61 This has applications for handling noise in synthetic circuits.
Complementing lab work developments, there have also been developments in prediction and
planning software, including: generating effective RNA molecule designs through a
successful crowd-sourced-with-expert-feedback project; 62 and progress in computational
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D. Gathering and manipulating biological information
The development of enhanced algorithms to assist with gathering and manipulating biological
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E. Generic enabling technologies
There is a better understanding of genome dynamics during evolution, more specifically in
how the rate and nature of genotypic changes relate to phenotypic changes. 69
There have been improvements in the capability of separating microbial DNA from host
DNA, which will lead to improvements in microbial genome databases and a better
understanding of how these are linked to organism functions. 70
The CRISPER-Cas9 system continues to be refined, allowing for better genome editing
abilities, based on: a better understanding of the Cas9 enzyme family; 71 and new guide RNAs
for the system. 72
IV. Dealing with diseases and toxins
A. Detection
Progress continues on toxin detection, including: enhanced quality assurance for the detection
of biological toxins; 73 the development of biochips capable of detecting several different
toxins; 74 progress in ricin detection equipment; 75 progress in saxitoxin detection without the
use of antibodies or animals; 76 and a biosensor for the detection of paralytic shellfish toxins
in marine algae. 77
Simultaneous multiple bacteria fingerprinting technology has progressed, in part through
applications of nanotechnology and photonics. For instance, a system to detect meningitis has
been developed where silver nanoparticles are combined with a sample, a laser beam is shone
onto it, and the shift in wavelength is used to identify bacteria. 78
DNA sample analysis continues to gain speed, with multiple detection applications. 79
B. Prevention and prophylaxis
The technique of genetically engineering live vaccines continues to mature. 80
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A wide range of vaccines based on a number of innovative techniques are currently in
development. For instance, there have been: attempts at bivalent vaccines based on antibodies,
for example an Ebola virus – Rabies Virus dual vaccine; 81 and attempts at a pan H-1
influenza vaccine. 82
Finally, innovative research has been conducted on how a building’s architectural design
affects bacterial communities. 83 On top of wide-ranging public health and biosafety
applications, this has potential security applications in designing buildings to be more attackresistant and easier to decontaminate.
C. Therapeutics
Antibodies are also being harnessed for therapeutics; for example, progress towards an Ebola
virus treatment based on antibodies that could be effective following the onset of
symptoms. 84
There have also been progress in the use of biopharming; for instance, the aforementioned
experimental antibody therapeutics for Ebola virus disease is produced by a bioengineered
tobacco plant.
mRNA therapeutics has seen continued commercialization. 85 It is hoped that the technique
will speed up development and manufacture of treatments for rare diseases. 86
Deep-sea marine ecosystems are increasingly tapped for their potential to provide novel
sources of chemicals for therapeutics; for instance a potential anthrax antibiotic has been
developed based on a marine microorganism product. 87
__________

81

Joseph E. Blaney, “Antibody Quality and Protection from Lethal Ebola Virus Challenge in Nonhuman Primates Immunized with Rabies Virus Based Bivalent
Vaccine,” PLOS Pathogens (May 30, 2013), http://www.plospathogens.org/article/info%3Adoi%2F10.1371%2Fjournal.ppat.1003389.
82
Florian Kramer et al., “Assessment of influenza virus hemagglutinin stalk-based immunity in ferrets,” Journal of Virology, Vol. 88, no. 6 (January 8, 2014):
3432-3442, http://www.ncbi.nlm.nih.gov/pubmed/24403585.
83
Steven W. Kembel et al., “Architectural Design Derives the Biogeography of Indoor Bacterial Communities,” PLOS ONE (January 29, 2014),
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0087093.
84
James Pettitt et al., “Therapeutic Intervention of Ebola Virus Infection in Rhesus Macaques with the MB-003 Monoclonal Antibody Cocktail,” Science
Translational Medicine, Vol. 5, no. 199 (August 21, 2013): 199ra133, http://stm.sciencemag.org/content/5/199/199ra113.
85
For more information on such approaches see: R. Scott McIvor, “Therapeutic Delivery of mRNA: The Medium Is the Message,” Molecular Therapy, Vol. 19,
no. 5 (2011): 822-823, http://www.nature.com/mt/journal/v19/n5/full/mt201167a.html.
86
“Alexion, Moderna to Develop Rare Disease-Fighting mRNA Therapeutics,” GEN, January 13, 2014, http://www.genengnews.com/gen-newshighlights/alexion-moderna-to-develop-rare-disease-fighting-mrna-therapeutics/81249355/.
87
Kyoung Hwa Jang et al., “Anthracimycin, a Potent Anthrax Antibiotic from a Marine-Derived Actinomycete,” Angewandte Chemie, Vol. 52, no. 30 (July 22,
2013): 7822-7824, http://onlinelibrary.wiley.com/doi/10.1002/anie.201302749/abstract.

