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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/M X/INF.3), and the overview of advances
in enabling technologies provided to the 2012 Meeting of Experts
(BWC/MSP/2012/M X/INF.1).

Advancesin science and technology

I ntroduction

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:

“(@) 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 specia relevance to disease surveillance, diagnosis and
mitigation;
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(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.

()] science- and technology-related developments relevant to the activities of
multilateral organizations such as the WHO, OIE, FAO, IPPC and OPCW;

(@ any other science and technology developments of relevance to the
Convention.”*

2. The Seventh Review Conference also decided that “the following topical scientific
subjects will be considered in the years indicated:

“(@) 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)  advancesin 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).

(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).”?

3. This background information document provides an overview of:

(@ 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/M SP/2012/M X/INF.3);

(c) advances in enabling technologies, updating background information
provided in 2012 (BWC/MSP/2012/MX/INF.1)

B. General Trends

4, 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 commercia biotechnology; a greater
geographical distribution of capacity; open science; and media, perceptions and interactions
with society. The 2013 1SU background document on the same topic noted a seventh trend:
the increased use of research collaborations.® These trends all remain extant. Some updates

1 BWC/ICONF.VII/7, part |1, paragraph 22.
2 BWC/CONF.VII/7, part |11, paragraph 23.
* BWC/MSP/2013/MX/INF.1/Rev.1
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include the continued shift away from small molecule drugs to biotechnology products for
the pharmaceutical industry;* continued R&D efforts for hundreds of new vaccines and
drugs;®> 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 hillion by
2018, and the continued expansion of the Developing Countries Vaccine Manufacturers
Network.®

5. An eighth trend may now be added: the growing tacit knowledge requirement for
life science work.” 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.® 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,”® but also
to pool the tacit knowledge required to effectively employ these pieces of sensitive
equipment. The security implications of tacit knowledge have also been considered in the
context of: synthetic biology;™ and for the regime addressing the threat posed by biological
weapons.™

Advancesin the under standing of diseases, including
pathogenicity, virulence, toxicology, and immunology

Transmissibility

6. 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 controversia gain-of-function research. Of note were
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* two 2013 studies which produced a series of hybrids of the HSN1 and HIN1 avian
influenza viruses capable of spread viarespiratory droplets. The research teams used
a similar methodology as employed in the 2013 H5N1 papers but employed high-
throughput approaches, such as directed evolution;*

« 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;
and13

* a2014 study in which aresearch 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.**

Pathogenicity and virulence

7. There is new data and analysis on inhaational 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;®® and a more detailed understanding of
primary pneumonic plague.*®

8. 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 tissug;'’ the discovery of a virulence plasmid in some Non-

12

13

14

15

16

17

Robert Roos, “ Study: Lab-made HSN1-H1N1 viruses spread in guineapigs,” University of
Minnesota, Center for Infectious Disease Research and Policy, 2 May 2013,
http://www.cidrap.umn.edu/news-perspective/2013/05/study-lab-made-h5n1-h1nl-viruses-spread-
guinea-pigs,

Ying Zhang et a., “H5N1 Hybrid Viruses Bearing 2009/HIN1 Virus Genes Transmit in Guinea Pigs
by Respiratory Droplet,” Science, Vol. 340, no. 6139 (21 June 2013): 1459-1463,
http://www.sciencemag.org/content/340/6139/1459.abstract;

Wei Zhang et d., “An Airborne Transmissible Avian Influenza H5 Hemagglutinin Seen at the Atomic
Level,” Sience, Vol. 340, no. 6139 (21 June 2013): 1463-1467,
http://www.sciencemag.org/content/340/6139/1463.abstract.

Ron A. M. Fouchier, Yoshihiro Kawaoka, et a., “Avian Flu: Gain-of-function experiments on
H7N9,” Nature Vol. 500 (8 August 2013): 150-151,

http://www.nature.com/nature/journal /v500/n7461/full/500150a.html.

Troy C. Sutton et al., “Airborne Transmission of Highly Pathogenic H7N1 Influenzain Ferrets,”
Journal of Virology (2 April 2014), http://jvi.asm.org/content/early/2014/03/27/3V1.02765-13.abstract
Kenneth Mark Coggeshall et al., “The sepsis model: an emerging hypothesis for the lethality of
inhalation anthrax, “Journal of Cellular and Molecular Medicine, Vol 17, no. 7 (17 July 2013): 914-
920, http://www.ncbi.nlm.nih.gov/pubmed/23742651.
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Typhoidal Salmonella strains;*® and how strain differences lead to different innate immune
responses, which in turn impacts mortality rates.™

9. There have been advances in the understanding of plant-pathogens interaction,
including the structure and function of virulence proteins.”

10. 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.*

11.  There has been progress in understanding how bacteria and viruses spoof or hijack
host machinery to regulate their own proliferation,” for example for the bacteria
Streptococcus pyogenes.

Toxicology

12. A new botulinum toxin serotype, Type H, was discovered in 2013, over 40 years
after the last serotype discovery.? There are now eight known serotypes of this toxin. The
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genetic sequence was voluntarily withheld by the researchers, at least until an antitoxin can
be devel oped.

13. There is a greater understanding of ricin toxin including: work on neutralizing
monoclonal antibodies for ricin, with vaccine potential;?® and the creation of aricin genetic
interaction map, with therapy potential .2

14.  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.”’

15.  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.”®

Resistance

16. 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;* the partial identification of HIN1 mutations
leading to Tamiflu resistance;* and the finding that oseltamivir resistance gain in H7N9
can occur without substantially altering its virulence and pathogenicity.*
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Immunology and host response avoidance

17.  Progress has been made in identifying immune system evasion mechanisms used by
a number of pathogens, including: those which use RNA structural motifs;* the evasion
role of surface structures of flaviviruses;*® 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.*

18.  Progress has aso been made in understanding pathogen - host response dynamics,
including: the interplay between Mycobacterium tuberculosis and the host macrophage;®
better understanding of MicroRNSas and their role in host antimicrobial defense;*® and an
increased recognition of the crucial role of miRNA in regulating antimicrobial defense.®

19. Investigation into the persistence of immune response in humans to disease has
continued, including that of persistent immune responses following Ebola Virusinfection.®

20. A “generic” antibody-binding protein has been found, and which may be used by
certain bacteria for host immune response evasion.® 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.

How pathogens evolve and spread

21.  Advances in enabling technologies, such as genome sequencing, continue to reveal
valuable information on a number of pathogens. Some examples of new findings include
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617, http://connection.ebscohost.com/c/arti cles/90546356/mycobacteri um-tubercul osi s-host-
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Katherine J. Siddle et d., “ A Genomic Portrait of the Genetic Architecture and Regulatory Impact of
microRNA expression in response to infection,” Genome Research (2014),
http://genome.cshlp.org/content/early/2014/01/30/gr.161471.113.

Cristel Archambaud et al., “The Intestinal Microbiota Interferes with the microRNA Response upon
Oral ListeriaInfection,” mBio, Vol. 4, no. 6 (10 December 2013),
http://mbio.asm.org/content/4/6/e00707-13.

Ariel Sobarzo et al., “Persistent Immune Responses after Ebola Virus Infection,” The New England
Journal of Medicine, Vol. 369 (2013): 492-493,

http://www.nejm.org/doi/full/10.1056/NEJM c1300266.
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the formulation of a hypothesis to explain Ebola virus evolution based on an analysis of 27
Ebola virus strains from 5 species;* 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;** 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.*?

22.  Progress continues on building a better understanding of influenza, in particular its
capability for mutation, including: details of reassortments between H7N9 and HIN2
strains;®® and the determination of actual substitution positions in H3N2, which revealed
that H3N2 mutations were more predictable than thought.**

Advancesin enabling technologies

Characterizing biological systems and networks

23.  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.%
Similarly, the cost of human gene mapping has steadily gone down.*®

24.  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.*’

25.  Proteomics (the study of al 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;”® and a new method called High-Resolution
IsoElectric Focusing (HIiRIEF) Liquid Chromatography—Mass Spectrometry (LC-MS)
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979, https://www.sciencemag.org/content/342/6161/976.abstract.
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Genome Sequencing Program (GSP),” 8 April 2014, http://www.genome.gov/27541954.
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enables deeper proteome coverage and unbiased proteogenomics, enabling identification of
previously unknown protein-coding loci.*®

26. Advances in metabolomics (the study of al the biochemical processes or
metabolism of an organism) have potential application to microbial forensics. For example,
unique strain-specific metabolic processes can increasingly be matched with particular
environmental niches, allowing for greater specificity in the origin of a pathogen.*

27. A genetic interaction mapping system for mammals has been designed. The
technique is based on combinatorial RNA interference, and alows one to map genetic
pathways of different phenotypes.®

28.  Experimental-computational techniques for inferring network models of cell
response to perturbations has continued to mature.> These models can be used, for
example, to estimate drug effects on particular cell lines.

Engineering biological systems and networks

29. Itisnow possible to design organisms with an expanded genetic alphabet.> That is,
one can add new unnatural base pairs to expand on the standard two-base-pair genetic
aphabet (A-T and G-C) in DNA.

30. 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, gene-modified monkeys have been engineered using this method.>*

31.  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.®

32.  The synthesis of a eukaryotic chromosome has been achieved.®® Progress continues
in the quest to synthesize an entire yeast genome and is being pursued by an
intercontinental research group.
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33. 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.’

34. It isnow possible to “write” membranes onto graphene surfaces through the use of
Lipid Dip-Pen Nanolithography, which can be applied to biosensor design.®®

35.  The capability to “reprogram” killer T lymphocyte cells, for instance to specifically
target cancer cells or HIV, is now well established.® This research provides an avenue for
novel disease treatment.®

36. Thereis 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.®* This has applications for handling noise in synthetic circuits.

37.  Complementing lab work developments, there have aso been developments in
prediction and planning software, including: generating effective RNA molecule designs
through a successful crowd-sourced-with-expert-feedback project;*> and progress in
computational enzyme design.®®

Gathering and manipulating biological information

38.  The development of enhanced algorithms to assist with gathering and manipulating
biological information and meta-information is becoming increasingly important. For
example, DNA sequencing algorithms often limit the speed of sequencing, rather than the
device itself.** Metainformation analysis, where software is used to scan and make
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predictions based on scientific literature, has shown success in harnessing the increasingly
vast worldwide life science output.*®

39. Improvements have been made in modelling and predicting the impacts of
overexpressing genes. Thisis an approach common in research to determine gene function
and in biotechnology to increase yields.®®

40. There is continuing interest in improving the ability to convert biological material
into data and back.®” The idea is as follows: an organism (or part of an organism) is
sequenced in one place, the sequenced data is transmitted electronically to a second
location, and the sequence data is then used to recreate the organism. A recent paper
detailing a platform that could be used in this manner for vaccine development has been
published.®

Generic enabling technologies

41. 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.®®

42.  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.™

43. The CRISPER-Cas9 system continues to be refined, allowing for better genome
editing abilities, based on: a better understanding of the Cas9 enzyme family;”™ and new
guide RNAs for the system.”
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V.

Dealing with diseases and toxins

Detection

44.  Progress continues on toxin detection, including: enhanced quality assurance for the
detection of biological toxins;”® the development of biochips capable of detecting several
different toxins,” progress in ricin detection equipment;” progress in saxitoxin detection
without the use of antibodies or animals;” and a biosensor for the detection of paralytic

shellfish toxinsin marine algae.”

45.  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.”®

46. DNA sample analysis continues to gain speed, with multiple detection
applications.”

Prevention and prophylaxis

47.  Thetechnique of genetically engineering live vaccines continues to mature.®

48. 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
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antibodies, for example an Ebola virus — Rabies Virus dual vaccine;®! and attempts at a pan
H-1 influenza vaccine.®

49.  Findly, innovative research has been conducted on how a building’s architectural
design affects bacterial communities.®* On top of wide-ranging public health and biosafety
applications, this has potential security applications in designing buildings to be more
attack-resistant and easier to decontaminate.

Therapeutics

50. 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.®*

51. There have aso 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.

52.  mRNA therapeutics has seen continued commercialization.®® It is hoped that the
technique will speed up devel opment and manufacture of treatments for rare diseases.®®

53.  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 devel oped based on a marine microorganism product.®’
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