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 POLICY FORUM
 ETHICS

 A dvances in the life sciences, espe-
 cially in molecular biology and
 informatics, and the potential for

 misuse of scientific research (the "dual-
 use" dilemma) raise the possibility that an
 act of terrorism could involve biological
 agents. International consensus is crucial
 on the steps needed to reduce this grave
 threat to humanity. One such step is to
 ensure that all people and institutions
 involved in science are aware of their ethi-

 cal obligations.
 An important way to promote the neces-

 sary international consensus and to raise the
 necessary awareness is through adoption of a
 code of ethics to govern research in the life
 sciences. It is with this thought that we set
 out to capture the critical elements that a
 code of ethics for the life sciences should

 include-one that we believe can help pre-
 vent the life sciences from becoming the
 death sciences (see the table on page 1882).

 The code we propose is built on ethically
 relevant facts and the substantive and proce-
 dural principles of ethics that must govern its
 interpretation and application (1). They
 include nonmaleficence; beneficence;
 respect for life, especially human life; main-
 taining trust; embedding ethics in science;
 establishing a high ethical tone in institu-
 tions; acknowledging individual and collec-
 tive responsibilities; and recognizing and ful-
 filling needs for ethics review and monitor-
 ing, notification of breaches of ethics, ethics
 education, and the transmission of ethical
 values to colleagues and those we mentor.

 Yet, although many agree with such an
 approach, many strongly oppose it for rea-
 sons ranging from cognitive (it won't work)
 to emotional (fear that it will shut down sci-
 ence); philosophical (science is value free,
 it's only its applications that need ethical
 guidance); misguided (scientists are ethical
 people, and all that ethics requires is that
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 they act in good conscience); monetary (it
 will bankrupt our company); and personal
 (it will ruin my career). But even those who
 question the value of a code agree that
 research in the life sciences, including
 biodefense research, must be conducted in
 a safe and ethical manner. Bodies speaking
 out publicly about this need for ethics
 include the General Assembly of the World
 Medical Association (2), the British
 Medical Association, (3) the U.S. National
 Research Council, (4) the British
 Parliament (5), and the Asia-Pacific
 Economic Cooperation (APEC) Leaders
 (6), among others (7).

 There have been recurring debates since
 the tragic events of September 11, 2001,
 concerning what research should and
 should not be conducted and what informa-
 tion should and should not be disseminated

 in the open literature (4, 5, 8). That dialogue
 has generated calls for a code or codes of
 conduct to provide guidance for scientists,
 publishers, and others facing extremely dif-
 ficult decisions in the context of the dual-
 use dilemma. The National Science

 Advisory Board for Biosecurity (NSABB)
 of the National Institutes of Health has been

 charged with developing such a code for
 professional organizations and institutions
 (9). In 2005, the Expert and State Parties
 Meeting of the Biological Weapons
 Convention (BWC) will consider how to
 promote a common understanding of
 needed actions toward this end as well.

 We know that a code will not be suffi-
 cient to ensure that science is not mis-

 used-we have already heard the laments
 "pious words will not solve the problem,"...
 "they are not worth the paper they are writ-
 ten on," ... " they have no teeth" (10, 11).
 Codes of ethics did not prevent scientists
 and physicians from leading the efforts of
 Aum Shinrikyo to develop biological
 weapons (12). Even the Hippocratic Oath
 has been violated by physicians' participat-
 ing in biological weapons programs
 (13-17). Ken Alibek, for example, led the
 bioweapons program of the former Soviet
 Union even after the signing of the
 Biological Weapons Convention banned
 such programs (18); and Shiro Ishii

 directed the secret Japanese unit that
 engaged in human experimentation for bio-
 logical weapons development during World
 War II (19, 20).

 Recognizing that past breaches of ethics
 have occurred, despite the existence of a
 code, presents a challenge, namely, guard-
 ing against the cynicism or despair that may
 evoke. Research in the philosophy of sci-
 ence shows that as long as a small clustered
 nucleus of ethical voices remains, ethics
 has a high probability of reasserting itself
 (21, 22). We must continue to try to be ethi-
 cal and to encourage and to help others to
 do likewise. A code of ethics will help in
 both respects.

 Ethics brings deep values and beliefs
 into play, which means we may not always
 agree with each other. But we need to estab-
 lish a code and then use it as a basis for

 engaging in an ongoing debate, because
 ethics is an ongoing process not an isolated
 event (23). A code not only raises aware-
 ness of the need for ethics and provides
 guidelines against which to judge the ethi-
 cal acceptability of any given conduct, but
 also functions as a teaching tool and pro-
 vides less senior people, including students,
 with a means of raising ethical concerns,
 especially with respect to the conduct of
 those in authority. We should continue to
 foster "ethics talk"-because that is an

 important way in which ethics can move
 forward in conjunction with science as it
 advances (23).

 To reiterate the ancient Hippocratic
 Oath, physicians and scientists must today,
 even more crucially than in the past, first do
 no harm. To paraphrase a provision in the
 modern Hippocratic Oath: Physicians and
 scientists shall remember that they have a
 pact with society to advance knowledge and
 to apply that knowledge for the good of
 humanity. Scientists and scientific institu-
 tions must act responsibly to limit potential
 misuse of scientific materials and informa-

 tion by bioweaponeers.
 A code is a living instrument that will

 need to be supplemented, on a continuing
 basis, by interpretations, applications, and
 analysis of new case examples. Below, we
 consider how it would apply in one recent
 situation. In this analysis, the applicable
 articles of the proposed code are referenced.

 Thomas Butler, a researcher at Texas
 Tech and former director of their medical

 center's Division of Infectious Diseases,
 had reported to the responsible university
 official in 2003 that he could not account

 for 30 vials of cultures of Yersinia pestis;
 later, he claimed that he had inadvertently
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 POLICY FORUM

 CODE OF ETHICS FOR THE LIFE SCIENCES

 All persons and institutions engaged in any aspect of the life sciences must

 1. Work to ensure that their discoveries and knowledge do no harm
 (i) by refusing to engage in any research that is intended to facilitate or that has a high

 probability of being used to facilitate bioterrorism or biowarfare; and
 (ii) by never knowingly or recklessly contributing to development, production, or acquisi-

 tion of microbial or other biological agents or toxins, whatever their origin or method of
 production, of types or in quantities that cannot be justified on the basis that they are nec-
 essary for prophylactic, protective, therapeutic, or other peaceful purposes.

 2. Work for ethical and beneficent advancement, development, and use of scientific
 knowledge.

 3. Call to the attention of the public, or appropriate authorities, activities (including
 unethical research) that there are reasonable grounds to believe are likely to contribute to
 bioterrorism or biowarfare.

 4. Seek to allow access to biological agents that could be used as biological weapons only
 to individuals for whom there are reasonable grounds to believe that they will not misuse
 them.

 5. Seek to restrict dissemination of dual-use information and knowledge to those who need
 to know in cases where there are reasonable grounds to believe that the information or
 knowledge could be readily misused through bioterrorism or biowarfare.

 6. Subject research activities to ethics and safety reviews and monitoring to ensure that
 (i) legitimate benefits are being sought and that they outweigh the risks and harms; and
 (ii) involvement of human or animal subjects is ethical and essential for carrying out

 highly important research.

 7. Abide by laws and regulations that apply to the conduct of science unless to do so would
 be unethical and recognize a responsibility to work through societal institutions to change
 laws and regulations that conflict with ethics.

 8. Recognize, without penalty, all persons' rights of conscientious objection to participation
 in research that they consider ethically or morally objectionable.

 9. Faithfully transmit this code and the ethical principles upon which it is based to all who
 are or may become engaged in the conduct of science.

 destroyed the cultures. The initial report
 submitted by the university official (article
 3) sent Federal Bureau of Investigation
 agents racing to the campus and set off
 panic that terrorists might have acquired the
 cultures. Butler was a leading researcher
 who had pioneered therapy for treating
 plague victims that has saved innumerable
 lives. Butler, apparently, had carried the
 plague-containing material on a commer-
 cial airliner from Tanzania to the United

 States, had sent cultures back to Africa by
 air transport, and had transported cultures
 to laboratories within the United States-
 including government laboratories of the
 U.S. military and the Centers for Disease
 Control and Prevention-all without

 obtaining the necessary authorizations
 [articles 1(i) and 6]. He was criminally
 charged with illegally transporting
 Tanzanian plague samples and with
 defrauding the university in research con-
 tracts (article 7). Several Nobel laureates
 and others came to the defense of Thomas

 Butler, protesting his prosecution (24, 25).
 Although their loyalty and concern for him
 are to be admired, the same is not true of
 their implied acceptance of his breach of
 laws and regulations. Our code calls for
 compliance with the law unless it would be
 unethical to do so, and working to change

 laws and regulations with which one does
 not agree (article 7).

 The Butler case sent a clear signal to the
 research community, especially scientists
 and university researchers, that all ethical
 and legal requirements must be respected
 when undertaking research [articles 1(i), 4,
 6, and 7]. Biosafety regulations are not
 merely legal technicalities. They constitute
 some of the terms of the pact between sci-
 ence and the public that establishes public
 trust. That trust is the basis upon which
 research is conducted.

 Certainly, the code we put forward is not
 the total solution, but it can contribute, in
 conjunction with other measures, to the
 deterrence of bioterrorism and biowarfare.

 Past experience tells us that violations of a
 code can result in loss of respect by peers;
 loss of public trust and thereby public sup-
 port; loss of research funding; and censures
 for breaches of ethics and legal penalties,
 including loss of professional licenses to
 practice (26). But more important than the
 consequences for breaches, a code of ethics
 can serve as a guide for all persons engaged
 in science, articulating the values to which
 we all must aspire and the standards to
 which we all must adhere to ensure our con-

 duct is ethical and fulfills our fiduciary
 responsibilities to society.

 References and Notes

 1. See supporting material on Science Online.
 2. World Medical Association, "Policy: Declaration of

 Washington on Biological Weapons" (Document
 17.400, World Medical Association, Ferney-Voltaire,
 France, 2002); available at www.wma.net/e/policy/
 bl.htm.

 3. British Medical Association, Biotechnology, Weapons
 and Humanity (Harwood Academic Publishers,
 London, 1999).

 4. Committee on Research Standards and Practice to

 Prevent the Destructive Application of Biotechnology,
 National Research Council, Biotechnology Research in
 an Age of Terrorism (National Academies Press,
 Washington, DC, 2004).

 5. House of Commons, "Security of Research" (Select
 Committee on Science and Technology Eighth Report,
 2003); available at www.publications.parliament.uk/
 pa/cm200203/cmselect/cmsctech/415/4151 5.htm.

 6. Asia-Pacific Economic Cooperation (APEC) Leaders'
 Statement on Health Security (2003); available at
 www.apecsec.org.sg/apec/leaders__declara-
 tions/2003/2003_StmtHealthSecurity.html.

 7. University of Exeter, "Biological weapons and codes of
 conduct," available at www.ex.ac.uk/codesofcon-
 duct/Chronology/.

 8. Editorial, Proc. Natl. Acad Sci. U.S.A. 100, 1464 (2003).
 9. National Science Advisory Board for Biosecurity,

 www4.od.nih.gov/nsabb/ (last updated 3/4/2004).
 10. B. Rappert, "Toward a life sciences code: Countering the

 threats from biological weapons" (Briefing Paper No.
 13, Department of Peace Studies, Univ. of Bradford,
 Bradford, UK, 2004); available at www.brad.ac.uk/
 acad/sbtwdbriefing/BP_1 3_2ndseries.pdf.

 11. B. Rappert, Biosecur. Bioterror. 2,164 (2004); available at
 www.biosecurityjournal.com/PDFs/v2n304/p164.pdf.

 12. R. Lifton, Destroying the World to Save It: Aum
 Shinrikyo, Apocalyptic Violence and the New Global
 Terrorism (Holt, New York, 2000).

 13. R. Kadlec,A. Zelicoff, JAMA 279,273 (1998).
 14. M. Leitenberg, Crit. Rev. MicrobioL 27,257 (2001).
 15. B. Balmer, Britain and BiologicalWarfare: Expert Advice

 and Science Policy 1935-65 (Macmillan, London,
 2001).

 16. D. Avery, The Science of War: Canadian Scientists and
 Allied Military Technology During the Second World
 War (Univ. of Toronto Press, Toronto, 1998).

 17. S. Burgess, H. Purkitt, "The rollback of South Africa's bio-
 logical warfare program" (INSS Occasional Pap. 37, U.S.
 Air Force Institute for National Security Studies, 2001);
 available at www.usafa.af.mil/inss/OCP/ocp37.pdf.

 18. K. Alibek, S. Halderman, Biohazard: The Chilling True
 Story of the Largest Covert Biological Weapons
 Program in the World-Told from Inside by the Man
 Who Ran It (Random House, New York, 1999).

 19. P. Williams, D. Wallace, Unit 731: japan's Secret
 Biological Warfare in World War II (Hodder &
 Stoughton, London, 1989).

 20. S. Harris, Factories of Death: Japanese Biological
 Warfare, 1932-1945, and the American Cover-up
 (Routledge, London, 2002).

 21. G. Malinas, J. Bigelow, in The Stanford Encyclopedia of
 Philosophy, E. N. Zalta, Ed. (The Metaphysics Research
 Lab, Stanford, CA, 2004); available at http://plato.stan-
 ford.edu/archives/spr2004/entries/paradox-simpson/.

 22. M. Nowak, R. M. May, K. Sigmund, Sci. Am. 272, 50
 (June 1995).

 23. M. Somerville, The Ethical Canary: Science, Society and
 the Human Spirit (Viking, Toronto, 2000),

 24. M. Enserink, D. Malakoff, Science 302,2054 (2003).
 25. P.Agre, S.Altman, R. Curl,T.Wiesel, "Statement regard-

 ing the case of Thomas Butler, Lubbock, Texas"
 (Federation of American Scientists, Washington, DC,
 2003); available at www.fas.org/butler/nobellet.html.

 26. American Medical Association Council on Ethical and

 Judicial Affairs, Code of Medical Ethics: Current
 Opinions with Annotations, 2004-05 Edition (AMA
 Press, Chicago, 2004).

 Supporting Online Material
 www.sciencemag.org/cgi/content/full/307/5717/1881/
 DC1

 10.116/science.1 109279

 25 MARCH 2005 VOL 307 SCIENCE www.sciencemag.org 1882

This content downloaded from 198.91.37.2 on Fri, 13 Oct 2017 20:13:30 UTC
All use subject to http://about.jstor.org/terms


	Contents
	image 1
	image 2

	Issue Table of Contents
	Science, Vol. 307, No. 5717, The Gut: Inner Tube of Life (Mar. 25, 2005), pp. 1827-2014
	Front Matter [pp. 1827-1894]
	Editorial: Cancers of the Gut and Western Ills [p. 1839]
	Editors' Choice [pp. 1841+1843]
	NetWatch [p. 1847]
	News of the Week
	Discoverers Charge Damage to 'Hobbit' Specimens [p. 1848]
	Doctors Pay a High Price for Priority [pp. 1848-1849]
	Panel Throws Lifeline to Bio Postdocs [p. 1849]
	Researcher Faces Prison for Fraud in NIH Grant Applications and Papers [p. 1851]
	ScienceScope [pp. 1851+1853]
	Talking about a Revolution: Hidden RNA May Fix Mutant Genes [pp. 1852-1853]
	Tyrannosaurus rex Soft Tissue Raises Tantalizing Prospects [p. 1852]
	Alien Planets Glimmer in the Heat [p. 1853]
	Ocean Flow Amplified, Not Triggered, Climate Change [p. 1854]
	Protein Chips Map Yeast Kinase Network [pp. 1854-1855]
	Atom-Based Detector Puts New Twist on Nuclear Magnetic Resonance [p. 1855]
	Savannah River Lab Faces Budget Ax [p. 1857]
	Proposed Legislation Threatens to Slow California Stem Cell Rush [p. 1857]

	News Focus
	Mounting Evidence Indicts Fine-Particle Pollution [pp. 1858-1861]
	Can Randomized Trials Answer the Question of What Works? [pp. 1861+1863]
	American Astronomers Lobby for the Next Big Thing [p. 1864]
	True Numbers Remain Elusive in Bird Flu Outbreak [p. 1865]
	Random Samples [pp. 1867+1869]

	Letters
	Abuse of Prisoners at Abu Ghraib [pp. 1873-1875]
	Reinventing the Wheel in Ecology Research? [pp. 1875-1876]
	A Central Repository for Published Plasmids [p. 1877]

	Corrections and Clarifications: Malaria Vaccines: Back to the Future? [p. 1877]
	Corrections and Clarifications: Spindle Multipolarity Is Prevented by Centrosomal Clustering [p. 1877]
	Corrections and Clarifications: Dissection of the Mammalian Midbody Proteome Reveals Conserved Cytokinesis Mechanisms [p. 1877]
	Books et al.
	Review: Ready for Their Close-Up [pp. 1878-1879]
	Review: Place Matters [p. 1879]

	Policy Forum
	Ethics: A Weapon to Counter Bioterrorism [pp. 1881-1882]

	Perspectives
	Bose-Einstein Condensates Interfere and Survive [pp. 1883+1885]
	Whither Model Organism Research? [pp. 1885-1886]
	Signal Processing in Single Cells [pp. 1886-1888]
	Something in the Air [pp. 1888-1890]
	The Synthesis and Evolution of a Supermodel [pp. 1890-1891]

	AAAS News and Notes [p. 1893]
	The Gut: Inner Tube of Life
	The Gut: Inside Out [pp. 1895]
	News
	The Dynamic Gut [pp. 1896-1899]
	A Mouthful of Microbes [pp. 1899-1901]

	Viewpoint
	No Organ Left behind: Tales of Gut Development and Evolution [pp. 1902-1904]

	Reviews
	Self-Renewal and Cancer of the Gut: Two Sides of a Coin [pp. 1904-1909]
	The Gut and Energy Balance: Visceral Allies in the Obesity Wars [pp. 1909-1914]
	Host-Bacterial Mutualism in the Human Intestine [pp. 1915-1920]
	Immunity, Inflammation, and Allergy in the Gut [pp. 1920-1925]


	Brevia
	Underwater Bipedal Locomotion by Octopuses in Disguise [p. 1927]

	Research Articles
	Widespread Parallel Evolution in Sticklebacks by Repeated Fixation of Ectodysplasin Alleles [pp. 1928-1933]
	Temporal Relationships of Carbon Cycling and Ocean Circulation at Glacial Boundaries [pp. 1933-1938]

	Reports
	A New Population of Very High Energy Gamma-Ray Sources in the Milky Way [pp. 1938-1942]
	Chemical Detection with a Single-Walled Carbon Nanotube Capacitor [pp. 1942-1945]
	Light Scattering to Determine the Relative Phase of Two Bose-Einstein Condensates [pp. 1945-1948]
	Cool La Niña during the Warmth of the Pliocene? [pp. 1948-1952]
	Soft-Tissue Vessels and Cellular Preservation in Tyrannosaurus rex [pp. 1952-1955]
	Glycan Foraging in Vivo by an Intestine-Adapted Bacterial Symbiont [pp. 1955-1959]
	Introduced Predators Transform Subarctic Islands from Grassland to Tundra [pp. 1959-1961]
	Gene Regulation at the Single-Cell Level [pp. 1962-1965]
	Noise Propagation in Gene Networks [pp. 1965-1969]
	RNA-Dependent Cysteine Biosynthesis in Archaea [pp. 1969-1972]
	Structural Insights into the Activity of Enhancer-Binding Proteins [pp. 1972-1975]
	Loss of Imprinting of Igf2 Alters Intestinal Maturation and Tumorigenesis in Mice [pp. 1976-1978]

	Back Matter [pp. 1926-2014]



