
Giorgio Palù, M.D. 
Professor of Microbiology and Virology 

 President, European Society for Virology 

University of Padova, Italy 

Amsterdam, 25 June 2014 

KNAW-debate on Gain of Function 

Anatomical  Theatre ς University of Padova 



Royal Netheralands Academy of Arts 
and Sciences 



Noel Tordo 

Ben Berkhout 

Dimitri Lavillette 

Bernhard Fleckenstein 

Otto Haller 

The European Society for Virology 
provides a forum for scientists active in 
all aspects of Virology.  
 
The stated aim of the Society is to 
advance the art and science of Virology 
and to promote and stimulate the 
exchange of information and 
collaboration among individual scientists 
as well as among national and 
international associations of Virology 
throughout Europe.  
 
These goals are achieved by organizing 
regular scientific meetings, promoting 
virological education at all levels and by 
representing the science and profession 
of Virology to governmental and 
regulatory institutions of the European 
Union, the media and the general public. 



Corporate Members of the ESV 
 

Å Gesellschaft für Virologie e.V. 

Å Società Italiana di Virologia 

Å Association des Journées Francophones de Virologie 

Å Sociedad Espanola de Virología 

Å Hungarian Society for Microbiology 

Å Society of Microbiology of Czech Republic, Section Virology 

Å Swiss Society of Microbiology, Section Virology 

Å Israel Society of Microbiology, Section Virology 

Å European Society for Veterinary Virology 

Å European Society for Clinical Virology 

Å Virology Division, Society for General Microbiology 

Å Polish Society of Virology 



????? 



"It's an exciting time to advance vaccine 
research and development to prevent 

humankind's most wretched 
ŘƛǎŜŀǎŜǎΧΦIƻǿŜǾŜǊ, scientists must have the 
resources. We need leadership and further 

political commitment worldwide. I am pleased 
that finally someone will be advocating and 

campaigning for increased funding for vaccine 
research" 

Founding Board Director Prof. Robin Weiss of University College London 
on the Foundation for Vaccine Research, June 8 2011 





Setting the scene 

Late 2011: worldwide discussion on the work carried on by CƻǳŎƘƛŜǊΩǎ 
and YŀǿŀƻƪŀΩǎ groups on H5N1 influenza virus 
March 2012: the U.S. National Science Advisory Board for Biosecurity 
advices in favor of publication of the papers 
May 2012: the work of the YŀǿŀƻƪŀΩǎ group is published in Nature 
June 2012: the work of CƻǳŎƘƛŜǊΩǎ group is published, after Fouchier 
obtained an export license (under protest) 
End of September 2013: the Dutch district Court rejected Erasmus 
a/Ωǎ appeal against the ƎƻǾŜǊƴƳŜƴǘΩǎ opinion, based on Council 
regulation EC 428/2009 
ΧThe story continues: H7N9, H7N1, H5N1 (JVI, CellΧ.2014) 
 
October 2013: The ESV, with the mandate of the European Society for 
Clinical Virology, writes to the President of the European Commission 
Mr. Barroso  



The 9{±Ωǎ letter 

«As European Society for Virology we clearly 
understand the legal and ethical aspects about 
research on potentially dengerous pathogens. But 
we also believe that this case clearly shows that it is 
time to initiate a debate within Europe, with the 
involvement of all relevant institutional bodies and 
stakeholedrs, to elaborate common and agreed 
lines to take on issues related to freedom in Science, 
dissemination of results, and protection of sensitive 
data in the research area» 



Mr .ŀǊǊƻǎƻΩǎ answer 



From the letter 

«ΧI would like to underline that export controls do not aim at 
preventing «trade» or in this case research 
 
The Commission is currently conducting a review of its export control 
policy and has recently adopted, on 16 October 2013, a report to the 
Council and European Parliament on the implementation of the export 
control regulatio (COM(2013) 710) 
 
This review process will be an opportunity for adjustments and 
improvements to the current EU export control policy thus also 
providing an opportunity to address dual use reasearch related 
matters. 
 
On the basis of this review process the Commission will adopt in 2014 a 
communication with options for a new EU export control strategyΧ.» 



The Royal Society meeting on GOF 

ÅDate: 16 December 2013 
 
ÅParticipants: Sir Roy Anderson, Professor Hans Dieter Klenk, 

Lord Robert May FRS, Professor Thomas Mettenleiter, 
Professor Tony Minson, Professor Richard Moxon FRS, 
Professor Giorgio Palù, Professor Philippe Sansonetti, Sir 
John J. Skehel FRS, Professor Simon Wain-Hobson 
 

ÅMain recommendations: 
ï The term «gain of function» is not appropriate 
ï Regulation of experiments should be considered during initial stages of 

application for supportΧΦ  
ï Greater discussion and debateΧΦwould generally be welcomed. 
ï Influenza is only one field which must deal with these issues 

 



ESV's position stems from the concern that results from scientific work carried out in Europe on these organisms 
would require an export permit before they can be published in international scientific journals. 
 
This prospect raises a number of serious issues. Under what circumstances should this EC regulation be applied to 
biomedical research? Who is going to decide when the EC regulation does or does not apply? What should be 
ŎƻƴǎƛŘŜǊŜŘ άōŀǎƛŎ ǎŎƛŜƴǘƛŦƛŎ ǊŜǎŜŀǊŎƘΣέ and who is going to judge this criterion? (This is not a trivial question, 
especially in the European Union context, where, in theory, there might be 28 different interpretations of the same 
regulation.) Does this create the potential for discrimination among scientists working in different European States 
and between European scientists and those in the rest of the world? Does this decision apply only when specific 
results are going to be published in journals outside Europe, or does it apply universally? 
 
It may be that controversial questions related to this issue were ignored for too long, allowing a precedent to be set 
prematurely. We are overdue for discussions on Ƙƻǿ ǘƻ ǊŜƎǳƭŀǘŜ ǘƘŜ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƻŦ άǎŜƴǎƛǘƛǾŜέ Řŀǘŀ ƛƴ ŀ ǿŀȅ ǘƘŀǘ 
does not compromise biosecurity, while maintaining the principle that acquiring important and meaningful 
knowledge cannot simply be stopped. ESV believes that export control does not represent the best way to deal with 
this issue. 
 
Our intention is not to criticize or to disregard the work of jurisprudence experts. We believe that the European 
Commission should take steps to promote a common understanding of the current regulation by existing working 
groups or by a new advisory committee created to deal with the dual-use research in a harmonized and balanced way 
throughout Europe. In the meantime, we have expressed our willingness to provide law officers with proper scientific 
advice, making available the expertise of our many European scientists.  

Regulating dual-use research in Europe. Science. 2014 
Jan 24;343(6169):368-369 
Palù G. 



The issue 
 

How ǘƻ ǊŜƎǳƭŀǘŜ ǘƘŜ ŘƛǎǎŜƳƛƴŀǘƛƻƴ ƻŦ άǎŜƴǎƛǘƛǾŜέ 
data in a way that does not compromise 

biosecurity, while maintaining the principle that 
acquiring important and meaningful 
knowledge cannot simply be stopped 

 

ESV believes that export control does not 
represent the best way to deal with this issue 



GOF applied to potential pandemic 
pathogens is a case of potential 

«Dual Use Research» 

 



Dual use research of concern 

5ǳŀƭ ǳǎŜ ǊŜǎŜŀǊŎƘΥ άǊŜǎŜŀǊŎƘ that, based on current understanding, can be 
reasonably anticipated to provide knowledge, products, or technologies that 
could be directly misapplied by others to pose a threat to public health, 
agriculture, plantsΣ ŀƴƛƳŀƭǎΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΣ ƻǊ ƳŀǘŜǊƛŜƭΩΩ όbŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ 
Advisory Board for Biosecurity 2008) 
 

ÅResearch on «Potential Pandemic Pathogens» is assessed in 
the context of DURC  

ÅCouncil Regulation (EC) No 428/2009: «setting up a 
Community regimen for control of export, transit, brokering 
of dual use items» 

ÅThis regulation deals with the post-experimental phases          
and cannot be exhaustive 



Dual Use Dilemma 

Should I, as a scientist, perform a certain experiment whose 
results might be misused?            An (inherently) ethical dilemma 
concern with values, benefits, harms, duties 
 
 

 
 
 

Pursuing GOOD can produce HARM. It is intended that 
pursuing HARM is not allowed 

 
Ethical questions and answers can change (different 
ǎǘŀƪŜƘƻƭŘŜǊǎΣ ŘƛŦŦŜǊŜƴǘ ǎƻŎƛŀƭ ŀƴŘ ƘƛǎǘƻǊƛŎŀƭ ǎŜǘǘƛƴƎΧΦύ 

 
 
 
 

 
 

Ethics is also dual 



Dual use dilemma is an ethical 
dilemma 

Promoting good in the context of potential harm 
 

ÅFor researchers: potential «malevolent» actions of others 
ïIntended outcomes 
ïUnintended but forseen outcomes 
ïUnforseen outcomes 

ÅFor private and public institutions: academic freedom, 
dissemination of research findings, funding 

ÅFor private companies: free enterprise, profit 
ÅFor military services (NBACC      offense vs defence) 
ÅFor international bodies (WHO, EU       policy, funding) 



CǊƻƳ 9ǘƘƛŎǎΧ  
Socrates (areth, sojia), Plato ( ʴʰʻˈ˄ 

ʶ ʵˇˌ), Aristoteles (ʶ ʵʰʽ˃ˇ˄ʾʰ) 

Saint Agostine (responsability , charity)  

Kant and illuminism 
 Humans are bound, from a knowledge of their duty 
 as rational beings, to obey the categorical
 imperative to respect other rational beings 

Utilitarianism (Mills) 
ΧΦ¢ƻ .ƛƻŜǘƘƛŎǎ 
Van Potter 1970 



Herodotus, c.500 BC 

ά! decision was wise, even though it 

led to disastrous consequences, if the 

evidence at hand indicated it was the 

best one to make; and a decision was 

foolish, even though it led to the 

happiest possible consequences, if it 

was unreasonable to expect those 

ŎƻƴǎŜǉǳŜƴŎŜǎέ 

Ancient SagesΩ Wisdom  



Risk/Benefit analysisΧbut what is 
«risk» and what is «benefit» 

Risk: risikon (chance), riscus or riqa (rish) 
                                                     Dissemination of highly 
pathogenic microrganisms  

                                                   Harm 
 
Benefit: bene facere                Aids for health                  
(vaccine, drugs, pandemic preparedness, diagnostic 
tools) 
                                                     Knowledge itself (Ulixes 
myth from 5ŀƴǘŜΩǎ Divine Comedy)                                                 

                                                       Good                                                    
 



From Philosophy  
to Natural Philosophy  

to Science 

Science derives from the late latin «Scientia» 
= «Knowdledge» 

used to be «ta ˒ ˎˋʽˁa» or «de rerum 
natura» 

 



New Knowledge        controversy  
Galileo Galilei introducing the scientific method in natural 
philosophy dissertation  
 
From the  Dialogue Concerning the Two Chief World Systems: 
«Philosophy is written in this grand book, the universe, which 
stands continually open to our gaze. But the book cannot be 
understood unless one first learns to comprehend the language 
and read the letters in which it is composed. It is written in the 
language of mathematics, and its characters are triangles, 
circles, and other geometric figures... Without these, one 
wanders about in a dark and obscure labyrinth» 

The DŀƭƛƭŜƻΩǎ podium  
at the University of Padova 

 Universa Universis Patavina Libertas:  
the Academic freedom motto 



From «The Betrothed» of A. Manzoni, Don 
Ferrante about the Plague  

 

«The plague contagium is not substance nor is it 
accident, it is not matter nor spirit, thus it 

cannot exist» 

 

Formal logics according to Aristotele 

When applied to MicrobiologyΧΦ 



But prevention needs knowledge 

 òWhen meditating over a disease, I never 

think of finding a remedy for it, but instead, 

a means of preventing itó L. Pasteur (1884) 



Prevention in place 
before vaccines  

The Plague doctor 

"The nose half a foot long, shaped like a beak, 
filled with perfume with only two holes, one on 
each side near the nostrils, but that can suffice 
to breathe and to carry along with the air one 
breathes the impression of the drugs enclosed 
further along in the beak. Under the coat we 
wear boots made in Moroccan leather (goat 
leather) from the front of the breeches in 
smooth skin that are attached to said boots 
and a short-sleeved blouse in smooth skin, the 
bottom of which is tucked into the breeches. 
The hat and gloves are also made of the same 
skinΧ with spectacles over the ŜȅŜǎέ 



Prevention in place before vaccines 
Lazzaretto and quarantine  

Plague epidemics in Venice, 1630 
 
The «Lazzaretto» island (the quarantine island) 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=MbbDTiYokyNG8M&tbnid=XS4GvsSOymRUeM:&ved=0CAUQjRw&url=http://historiaveneto.blogspot.com/2009/12/la-peste-venezia-nel-xvi-secolo.html&ei=AWOYU6HzGYGAywPVtYLgBw&bvm=bv.68693194,d.ZGU&psig=AFQjCNGX5JHSzrM1umEKzzK1vCJn-oOnFg&ust=1402581888537587


Controversial scientific topics 
 

Genetic modified microorganisms         Recombinant DNA technologies: ONGOING 
DEBATE 
 
Gene Therapy           the case of Jesse Gelsinger and of insertional oncogenic 
transformation: ONGOING DEBATE 
 
Embryonic stem cells research: ONGOING DEBATE 
 
Human genome cloning: ONGOING DEBATE 
 
Syntetic biology: ONGOING DEBATE 
 
Gain of function experiments ACCEPTED FOR MANY FIELD OF RESEARCH, under 
debate for understanding pathogensΩ virulence, transmissibility, fitnessΧΦ OUR 
DEBATE 
 
 

Some examples in «Biology»  



Ongoing  debate around human cloning 



Who is going to decide? 

άScientists have an obligation to do no harm. They 
should always take into consideration the 
reasonably foreseeable consequences of their own 
activitiesέ The Nuremberg Code 

 

άThe experiment should be such as to yield fruitful  
results for the good of society, unprocurable by 
other methods or means of study, and not random 
and unnecessary in natureέ The Nuremberg Code 



Examples of DURC research 
Å The mousepox virus experiments (JVI 2001) 
Å The project Jefferson (B.cereus-anthracis September 2001) 
Å The sequence of the SPICE protein of the small pox virus (PNAS 

2002) 
Å Accidental generation of a virulent form of Mycobacterium 

tubercolosis (PNAS 2003) 
Å Smallpox-Ebola chimera (US Biodefence) 
Å Entire sequence of B.anthracis (Nature 2003) and of 1918 H1N1 

(Nature 2005) 
Å «Resurrection» of 1918 H1N1 by reverse genetics  (Science 2005) 

(the NSABB evualuated the paper before publication and concluded 
that the scientific benefits far outweighed the potential risk of 
misuse) 

Å Synthetic syntesis of a poliovirus (Science 2002) 



Experiments of concern: not only GOF 
on H5N1! 

ÅHow to render a vaccine ineffective 
ÅConfer resistance to abtibiotics and antiviral agents 
ÅEnhance the virulence of a pathogen, or render a non-

pathogen virulent 
ÅIncrease the transmissibility of a pathogen 
ÅAlter the host range of a pathogen 
ÅEnable the avasion of diagnosis and/or detection 
ÅEnable the weaposization of a biological agent or toxin 
ÅGenetic sequencing of pathogenic microrganisms 
ÅSynthesis of pathogenic microrganisms 
ÅExperiments with smallpox virus 
ÅAttemps to recover/ revive past pathogens 

 
From Miller & Selgelid Sci Eng Ethics, 2007 13:523-580 



The Ebolavirus paradox in the GOF 
debate at the Royal Society  

(December 2013) 

ÅHans Dieter Klenk: Ebola already weaponised 
for military purposes 

 

ÅJohn James Skehel: GOF applied to Ebola 
might still be useful if one could predict  
natural emerging variants by NGS 

 RISK? BENEFIT? 

Who is going to decide? 



These different controversial scientific 
topics rise the same ethical questions 

and need the same answers? 

Is human cloning comparable to GOF 
applied to potential pandemic 

pathogens? 

 

 

 

 

 

 

Who is going to decide? 



Too limited attention so far to the ethics 
of scientific experiments that might be 
risky but do not immediately involve 

human participants (Nuremberg Code) 

 

Council Regulation (EC) No 428/2009 
cannot be the only answers       code of 

conducts? Hippocrates oath for scientist? 

 



Lessons from Medical Science 

ÅLong history/experience with codes of 
conduct: 

ïHippocratic Oath 

ïCodes of Medical Associations (e.g., AMA and 
WMA) 

ïNuremberg Code 

ïDeclaration of Helsinki 

ĄExtremely influential 

ĄLargely effective guide to action 

Hippocrates 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=am25Y1koVyTcAM&tbnid=Ia_hQaMaSx0p6M:&ved=0CAUQjRw&url=http://alfredomarotta.wordpress.com/corretta-alimentazione/&ei=4fGjU5lNx_U5i5iBgAY&bvm=bv.69411363,d.ZGU&psig=AFQjCNE7jbWx0kpYWlMLYULY83W9afNzEA&ust=1403339586375427
https://www.google.it/imgres?imgurl&imgrefurl=http://www.greekislandsbooking.com/it/guide/kos_2/storia-kos/ippocrate&h=0&w=0&tbnid=MJ0KtDoQgsWD_M&zoom=1&tbnh=235&tbnw=215&docid=pI_fKw2UKYVetM&tbm=isch&ei=fPKjU5XOPIaZO9X9gJAK&ved=0CAUQsCUoAQ
http://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=jmNcW3iqHJq3CM&tbnid=UDU0I_nJJiG6_M:&ved=0CAUQjRw&url=http://www.aisjca-mft.org/&ei=svOjU-HtGYTJOeCdgNAG&bvm=bv.69411363,d.ZGU&psig=AFQjCNFzUwx54lEbV5XERPcgTz8lwu2Ofw&ust=1403340035746638


Gain of function based experiments 

άDŀƛƴ of function experiments, the logical counterpart of 
knockouts, are performed to finely establish the function 
of ŀ ǎǇŜŎƛŦƛŎ ƎŜƴŜέ  

 

ÅAre they needed? 

ÅAre they useful? 

 

- Mechanisms of oncogenesis (Ras, cMyc, SrcΣ ǇроΣ ǇсоΧύ 

- Embryogenesis 

- ΧΦΦ 



Gain of function or gain of pathogenicity? 
The «special» case of pathogens 

Any time we manipulate a microbial genome we could potentially alter the 
ƳƛŎǊƻǊƎŀƴƛǎƳΩǎ pathogenicity (i.e. Shimono et al, PNAS 2003) 
 
Even «wild-type» pathogens handled under controlled and high standard biosafety 
and biosecurity conditions might pose risk (June 2014 possible anthrax exposures 
of 75 CDC staff members) 
 
The problem is not confined to influenza virus (EbolavirusΣ IL±ΧΦύΣ ŀƴŘ is not 
confined to Virology (Clostridium botulinumΧΦύ 

 
HOWEVER 

 
The risk might be higher for studies aimed at the development of predictive 
parameters for assessing: 
 - the risks associated with emergent virus strains  
 - the outcome of vaccination 

 
The risk  might be higher when the experiments are conducted on Potential 
Pandemic Pathogens 

 



GOF on PPPs: open questions 
ÅAre these studies useful? 

ÅAre there methodologies alternative to GOF to understand 
virulence, transmissibility, pathogen fitness and adaptation? 

ÅCan we design universal vaccines and efficient therapeutic 
strategies without this knowledge? 

ÅWhat could tell us a risk/benefit analysis and who should 
carry it on?  

ÅShould we wait for an highly aggressive pathogen to emerge 
in the human population or should prepare ourself to fight it? 

ÅKey question: HARM for humankind?  

 

ÅScientific, regulatory and ethical questions (not only for 
scientists) 

 

 
 



Risk-benefit analysis 

ÅGOOD: useful to «prevent» or «foresee» the onset of 
pandemics; useful to develop vaccines; useful to develop 
drugs???? If there is not a clear demonstration of these 
«benefits» there is not a prove against them 

 

ÅHARM: dissemination of highly pathogenic viruses 
intentionally by «others» or by mistake ??? Reproduction of 
these data by bioterrorists??? These events are possible (as in 
the case of previously published DURC researchs) but ΧΦ ǘƘŜ 
generated H5N1 is really highly pathogenic???? 

Who is going to decide? 



Some answers 

Å Understanding how factors such as virulence, transmissibility, and viral fitness 
intereconnect will require GOF experiments 

 

Å GOF experiments are (AND HAVE ALWAYS BEEN) fundamental pillar of scientific 
inquiry and are essential to the rigorous execution of scientific method 

 

Å Ironically the only way to address the uncertainty is to move forward with GOF 
studies that will serve to contextualize how adaptations that mediate mammalian 
transmissibility affect other property of the virus (such as the dramatic reduction 
in virulence observed by Fouchier group) 



Alternative approaches to studying human adaptation of influenza A viruses, and more generally 
to improving vaccines and therapeutics. 

Lipsitch M, Galvani AP (2014) Ethical Alternatives to Experiments with Novel Potential Pandemic Pathogens. PLoS Med 11(5): e1001646. 
doi:10.1371/journal.pmed.1001646 
http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1001646 


