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Abstract

In 2009, the US Food and Drug Administration (FDA) released guidelines for the
commercialization of genetically engineered (GE) farm animals. Numerous applications for
approval of transgenic species are currently pending. Anthropocentric concerns raised to date
have tended to neglect the impact of the physiological trade-off between production efficiency
and immune function. Given animal agriculture's track record of prioritizing productivity - even
at the expense of animal health - the incorporation of biotechnological tools to further
stress production towards biological limits may continue to undermine immunocompetence.
Regulatory schemata to avert adverse public health outcomes are discussed. Given the rising
incidence of zoonotic disease associated with livestock industry intensification noted by the
Food and Agriculture Organization of the United Nations, increased scrutiny should be given
to any technology that may further erode farm animal disease resistance.
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Review Methodology: A literature search was conducted using the following electronic databases: AGRICOLA, AGRIS,
BIOSIS Previews, CAB Abstracts, EMBASE, Pub Med, Scopus and Web of Science. The search strategy used for
Pub Med is representative: (("gene transfer techniques" [MeSH Terms] OR "biotechnology" [MeSH Terms]) AND ("livestock"
[MeSH Terms] OR "animals, domestic" [MeSH Terms])) OR (("animal nutritional physiological phenomena" [MeSH Terms]
OR (("livestock" [MeSH Terms] OR "animals, domestic" [MeSH Terms]) AND 'Stress, Physiological' [MeSH Terms])) AND
("zoonoses" [MeSH Terms] OR 'Public Health' [MeSH Terms])). No date or language restrictions were used for this narrative
(non-systematic) review.

Genetically Engineered (GE) Farm Animals and
Human Disease

In 2009, the US Food and Drug Administration (FDA)
released industry guidelines for the commercialization
of GE farm animals [1]. This has raised animal health
and welfare concerns [2-4], given the epizootics of
production diseases caused by extant breeding tech-
nologies [5], such as dystocia in double-muscled beef
cattle [6], mastitis in dairy cattle [7], porcine stress
syndrome in pigs [8], osteoporosis in egg-laying hens [9]
and skeletal and cardiovascular disorders in turkeys
and broiler chickens [10]. Human health concerns have
typically been limited to porcine endogenous retroviruses
in xenotransplantation [11] or the oncogenic potential of
growth hormone (GH) constructs [12]. The physiological

trade-off between production traits and immune func-
tion [13], however, may pose a broader public health
risk.

Growth/productivity and disease susceptibility have
been shown to be correlated in domestic fowl [14], pigs
[15], beef cattle [16] and dairy cows [17]. The Resource
Allocation Theory [13], used to describe the distribution
of resources among traits in an evolutionary context,
suggests that protein and energy diversion from host
defence to breast muscle mass production in meat-
type breeds of chickens, for example, may explain why
chickens with accelerated growth are at risk for immune
dysfunction [18-20] and increased disease morbidity
and mortality [21]. Transgenic coho salmon expressing
GH suffer diminished disease resistance to vibriosis
[22] and preliminary data suggest AquAdvantage salmon,
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a GH transgenic Atlantic salmon currently under con-
sideration for FDA approval, appear to suffer an earlier
peak in mortality to a furunculosis challenge [23]. Con-
tinued application with biotechnology of a productionist
paradigm, in which yield is priced above all else [5], may
only lead to further deterioration of disease resistance
among the more than 56 billion animals annually raised
for food, which could have global public health implica-
tions [24].

Woolhouse and Gowtage-Sequeria estimate that 73%
of emerging and re-emerging human pathogens are
zoonotic in origin [25]. The remainder come from within
the human population or the external environment [26].
Agricultural animal zoonoses include avian and swine
influenza, bovine spongiform encephalopathy (BSE), Nipah
virus, Streptococcus suis and numerous poultry and aqua-
culture-related food-borne diseases. The unprecedented
emergence and spread of both the highly pathogenic avian
influenza virus A subtype H5N1 and pandemic swine-
origin H1 N1 underscores the human health importance
of farm animal disease susceptibility. Excess disease losses
resulting from selecting or engineering faster-growing
breeds of chickens and pigs with immune impairment
[13] can no longer merely be factored into the financial
calculus. Should trait selection priorities contribute to
the next influenza pandemic [27], the pork or poultry
industry could find itself in the position of passing along
a $1 trillion cost to the global economy and the loss of
millions of lives [28].

The application of genetic engineering in animal agricul-
ture may also diminish biodiversity, which can fuel zoo-
notic pathogen adaptation and hinder host evolution for
disease resistance [29, 30]. Population diversity, especially
at major histocompatibility (MHC) loci (the genomic re-
gion common to all vertebrates that codes an immune
recognition mechanism) is a major factor limiting the
spread of disease by providing a heterogeneity of host
defence targets against rapidly evolving pathogens [31].
This was illustrated by the decimation of isolated
`New World' populations lacking adequate MHC diversity
from diseases such as measles in the sixteenth century
[32]. MHC uniformity increases the vulnerability of mono-
cultures of animals in agriculture to zoonotic diseases
that could cross over into human populations by reducing
immune reactivity and the hosts' collective ability to
control pathogens [33, 34].

According to the Food and Agriculture Organization
of the United Nations, 1350 farm animal breeds are
threatened by extinction or are already extinct: more
than one-fifth of registered breeds [35]. An international
analysis of commercial poultry breeds found that
approximately half of the genetic diversity of chickens has
already been lost [36]. Biotechnological innovation is

subject to the same pressures that have already so nar-
rowed the farm animal genetic base. This means that
should an engineered line of animals gain a clear economic
advantage, competitors may predictably replace varieties

then viewed as obsolete, leading to further genetic bot-
tlenecking [37].

Transgenic `technofixes'

Breeding nearly exclusively for productivity, joins other
controversial practices that have been used in animal
agriculture to promote growth with theoretical or demon-
strable public health consequences. These include the use
of diethylstilboestrol [38], GH injections [39], oestrogenic
implants [40], arsenic-containing compound feed supple-
ments [41], meat, blood and bone meal [42], and the
subtherapeutic dosing of clinically important antibiotics
in feed [43], which itself may be exacerbated by trait
selection priorities.

Increasing rates of mastitis [44] tied to selection for
milk yield [45] has led to the extensive use of clinically
relevant classes of antibiotics in the dairy industry,
including aminoglycocides, ,8- lactams, macrolides and
tetracyclines [46]. A survey of dairy herds in Pennsylvania,
a top dairy state, found 18% of operations were injecting
a third-generation cephalosporin (ceftiofur) off-label [47].
The dairy industry's reliance on pharmacological crutches
to mediate the unfavourable effects of selective breeding
for productivity may in turn breed antibiotic resistance
to drugs necessary for human medicine [48].

Biotechnological fixes have been proposed to mediate
some of these costs of industrial methods of production.
Although early attempts to create transgenic farm animals
resistant to influenza had failed [49], a recent break-
through in developing transgenic chickens resistant to
influenza transmission [50] likely offers the greatest
potential for public health benefit. Resistance to prior
diseases also appears to be an achievable goal [51]. Rather
than engineer BSE-resistant cattle, though, it may be more
cost-effective to stop the continued quasi-cannibalistic
feeding of slaughterhouse waste [52], blood [53] and
manure [54] to farm animals. Although the re-feeding
of brains and spinal cords of older animals has been
banned, the FDA reversed an earlier decision [55] to
eliminate all bovine tissues from cattle feed such as blood
products [56]. The innovative salivary phytase-expressing
EnviropigTM produces manure with lower levels of phos-
phorus [57], but without improved manure lagoon
management, the environmental and public health im-
pacts of confined pig feeding operations may continue
largely unabated [58]. To reduce mastitis rates, cows can
be engineered to secrete glycyl-glycine endopeptidase
lysostaphin in their milk to combat Staphylococcus aureus
infection [59]. The dairy industry may be able to milk
lysostaphin transgenic cows for additional tonne-years
without further increasing somatic cell counts, but the
metabolic and musculoskeletal problems associated
with overproduction [60] may be further aggravated.
Production-related diseases have become preferred
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`technofix' targets, presumably because they represent
barriers to even greater productivity [61].

Regulatory Solutions

The regulatory apparatus proposed in the USA to deal
with GE farm animals, the application of the Federal
Food, Drug, and Cosmetic Act (FFDCA) animal drugs
provisions (21 U.S.C. §321 et seq.), has been criticized
for lacking adequate transparency and oversight [62]. The
use of statutory authority designed to oversee the
pharmaceutical industry may introduce an unnecessary
and counterproductive level of opacity to the process of
GE animal approval. Regulating GE animals in the same
way as drugs would mean that the scientific community
may be unaware of the existence of the application until
the day it was approved or denied. There would be vir-
tually no opportunity to appeal or even gain access to
safety and health data considered confidential business
information under the FFDCA. In essence, the entire
regulatory programme can be conducted covertly, closed
to public participation [62].

Regulators may discount adverse health effects that do
not differ substantially from those that arise from extant
breeding technologies. US regulators disregarded animal
health risks associated with both recombinant bovine
somatotropin [63] and farm animal cloning by arguing that
they did not differ qualitatively from traditional selection
[64]. There are currently no legal constraints in the
USA on what can be done in the quest for increased
farm animal productivity [65]. The European Food Safety
Authority Scientific Committee on Cloning's opinion
concurred with the FDA [66], but the European Group on
Ethics in Science and New Technologies (EGE), a multi-
disciplinary body of experts appointed by the European
Commission, concluded farm animal cloning was un-
justifiable given the resultant health problems, such as
`malformations and reduced viability at birth; respiratory
problems; enlarged foetal liver; epidermal haemorrhages;
kidney abnormalities, etc.' [67] The European Parliament
subsequently voted to ban the practice [68].

There is no advisory body analogous to the EGE in
the USA, but the Office of Science and Technology
Policy's Coordinated Framework for Biotechnology (51
Fed. Reg. 23302-23393 (26 June 1986)) has been success-
ful in regulating GE commodity crops and could be
redirected to focus on GE animals. Other government
bodies, private foundations and professional associations
could also provide support for impartial forums tasked
with the supplemental review of safety information [69].

Conclusion

The current trajectory of livestock industry practices has
been considered unsustainable from a public health,
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environmental and animal welfare perspective by the Pew
Commission on Industrial Farm Animal Production,
formed to conduct a 'comprehensive, fact-based and
balanced examination of key aspects of the farm animal
industry' [70]. The joint project with the Johns Hopkins
University School of Public Health was comprised of
15 commissioners, including former US Secretary of
Agriculture Dan Glickman, former Assistant Surgeon
General Michael Blackwell, James Merchant, then Dean
of the University of Iowa College of Public Health and
former Kansas Governor John Carlin as chair. After a
2.5-year examination, its 2008 report concluded: 'The
present system of producing food animals in the United
States is not sustainable and presents an unacceptable
level of risk to public health and damage to the environ-
ment, as well as unnecessary harm to the animals we raise
for food' [71]. The use of transgenics may prolong and
intensify this harmful trend.

The US National Research Council's Committee on
Defining Science-Based Concerns Associated with Pro-
ducts of Animal Biotechnology has expressed concern
that 'we already have pushed some farm animals to the
limits of productivity that are possible by using selective
breeding, and that further increases only will exacerbate
the welfare problems that have arisen during selection'
[72]. These may translate into human welfare problems
should a continued emphasis be placed on productivity at
the expense of disease resistance.

The One Health vision of interdisciplinary collaboration
linking human, animal and environmental health [73] can
only be fully realized if conflicting commercial interests
can be resolved [5, 74, 75]. The commercialization of
transgenic farm animals could be the catalyst that triggers
the critical reflection of trait selection priorities necessary
to better align industry practices with societal expecta-
tions while bolstering defences against emerging zoonotic
pathogens.

References

1. US Department of Health and Human Services Food and
Drug Administration Center for Veterinary Medicine.
Guidance for Industry. Regulation of Genetically Engineered
Animals Containing Heritable Recombinant DNA Constructs,
Final Guidance [Online]. 15 January 2009 [cited 14 January
2010]. Available from: URL: http://www.fda.gov/downloads/
AnimalVeterinary/GuidanceComplianceEnforcement/
Guidanceforindustry /UCM052463.pdf

2. Greger M. Trait selection and welfare of genetically engineered
animals in agriculture. Journal of Animal Science
2010;88:811-4.

3. Maga EA, Murray JD. Welfare applications of genetically
engineered animals for use in agriculture. Journal of Animal
Science 2010;88:1588-91.

4. Center for Science in the Public Interest. How Should the Next
Administration Address Genetically Engineered Farm
Animals? Forum with Industry Groups, Co-sponsored by

http://www.cabi.org/cabreviews



4 Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources

Center for Science in the Public Interest and Center for
American Progress, 10 November 2008, Washington, DC;
2008.

5. Rollin BE. Veterinary ethics and production diseases. Animal
Health Research Reviews 2009;10(2):125-30.

6. Kolkman I, Opsomer G, Lips D, Lindenbergh B, De Kruif A,
De Vliegher S. Pre-operative and operative difficulties during
bovine caesarean section in Belgium and associated risk
factors. Reproduction in Domestic Animals
2010;45(6):1020-7.

7. Ingvartsen KL, Dewhurst RJ, Friggens NC. On the relationship
between lactational performance and health: is it yield or
metabolic imbalance that cause production diseases in dairy
cattle? A position paper. Livestock Production Science
2003;83(2-3):277-308.

8. Wendt M, Bickhardt K, Herzog A, Fischer A, Martens H,
Richter T. Porcine stress syndrome and PSE meat: clinical
symptoms, pathogenesis, etiology and animal rights aspects.
Berliner and Munchener Tierarztliche Wochenschrift
2000;113(5):173-90.

9. Webster AB. Welfare implications of avian osteoporosis.
Poultry Science 2004;83(2):184-92.

10. Julian RJ. Production and growth related disorders and other
metabolic diseases of poultry -a review. Veterinary Journal
2005;169(3):350-69.

11. Boneva RS, Folks TM. Xenotransplantation and risks of
zoonotic infections. Annals of Medicine 2004;36(7):504-17.

12. Dona A, Arvanitoyannis IS. Health risks of genetically modified
foods. Critical Reviews in Food Science and Nutrition
2009;49(2):164-75.

13. Rauw WM, Kanis E, Noordhuizen-Stassen EN, Grommers FJ.
Undesirable side effects of selection for high production
efficiency in farm animals: a review. Livestock Production
Science 1998;56(1):15-33.

14. Norris K, Evans MR. Ecological immunology: life history trade-
offs and immune defense in birds. Behavioural Ecology
2000;11(1):19-26.

15. Hawken RJ, Beattie CW, Schook LB. Resolving the genetics of
resistance to infectious diseases. Revue Scientifique et
Techique 1998;17(1):17-25.

16. Mange! M, Stamps J. Trade-offs between growth and mortality
and the maintenance of individual variation in growth.
Evolutionary Ecology and Research 2001;3:583-593.

17. Sinclair MC, Nielsen BL, Oldham JD, Reid HW.
Consequences for immune function of metabolic adaptations
to load. In: Oldham JD, Simm G, Groen AF, Nielsen BL,
Pryce JE, Lawrence TLJ, editors. Metabolic Stress in Dairy
Cows (BSAS Occasional Publication No. 24). British Society of
Animal Science, Edinburgh, UK; 1999. p. 113-8.

18. Gross WB, Siegel PB. Environment-genetic influences on
immunocompetence. Journal of Animal Science
1988;66(8):2091-4.

19. Miller LL, Siegel PB, Dunnington EA. Inheritance of antibody
response to sheep erythrocytes in lines of chickens divergently
selected for fifty-six-day body weight and their crosses.
Poultry Science 1992;71(1):47-52.

20. Qureshi MA, Havenstein GB. A comparison of the immune
performance of a 1991 commercial broiler with a 1957 random
bred strain when fed 'typical' 1957 and 1991 broiler diets.
Poultry Science 1994;73(12):1805-12.

21. Yunis R, Ben-David A, Heller ED, Cahaner A.
Immunocompetence and viability under commercial conditions
of broiler groups differing in growth rate and in antibody
response to Escherichia coli vaccine. Poultry Science
2000;79(6):810-6.

22. Jhingan E, Devlin RH, Iwama GK. Disease resistance, stress
response and effects of triploidy in growth hormone transgenic
coho salmon. Journal of Fish Biology 2003;63(3):806-23.

23. Food and Drug Administration Center for Veterinary Medicine
Veterinary Medicine Advisory Committee Briefing Packet on
Aquadvantage Salmon. 20 September 2010. Available from:
URL: http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeeting Materials/
VeterinaryMedicineAdvisoryCommittee/UCM224762.pdf

24. Graham JP, Leibler JH, Price LB, Otte JM, Pfeiffer DU,
Tiensin T, et al. The animal-human interface and infectious
disease in industrial food animal production: rethinking
biosecurity and biocontainment. Public Health Reports
2008;123(3):282-99.

25. Woolhouse MEJ, Gowtage-Sequeria S. Host range and
emerging and reemerging pathogens. Emerging Infectious
Diseases 2005;11(12):1842-7.

26. Woolhouse MEJ. Population biology of emerging and
re-emerging pathogens. Trends in Microbiology 2002;
10(10 Suppl):S3-S7.

27. Greger M. The human/animal interface: emergence and
resurgence of zoonotic infectious diseases. Critical Reviews in
Microbiology 2007;33(4):243-99.

28. Burns A, van der Mensbrugghe D, Timmer H. Evaluating the
economic consequences of avian influenza [Online].
September 2008 [cited 25 July 2011]. Available from: URL:
http://siteresources.worldbank.org/EXTAVIANFLU/
Resources/EvaluatingAHleconomics_2008.pdf

29. Ebert D, Hamilton WD. Sex against virulence: the coevolution
of parasitic diseases. Trends in Ecology and Evolution
1996;11:79-82.

30. Ostfeld RS. Biodiversity loss and the rise of zoonotic
pathogens. Clinical Microbiology and Infection 2009;15(Suppl.
1):40-3.

31. Sommer S. The importance of immune gene cariability (MCH)
in evolutionary ecology and conservation. Frontiers in Zoology
2005;2:16.

32. Yuhki N, O'Brien SJ. DNA variation of the mammalian
major histocompatibility complex reflects genomic diversity
and population history. Proceedings of the National Academy
of Sciences of the United States of America 1990;87(2):
836-40.

33. Maillard JC, Gonzalez JP. Biodiversity and emerging
diseases. Annals of the New York Academy of Sciences
2006;1081:1-16.

34. Zekarias B, Ter Huurne AA, Landman WJ, Rebel JM, Pol JM,
Gruys E. Immunological basis of differences in disease
resistance in the chicken. Veterinary Research
2002;33(2):109-25.

35. Food and Agriculture Organization of the United Nations. Loss
of domestic animal breeds alarming [Online]. 31 March 2004
[cited 25 July 2011]. Available from: URL: http://www.fao.org/
newsroom/en/news/2004/39892/

36. Muir WM, Wong GK, Zhang Y, Wang J, Groenen MA,
Crooijmans RP, et al. Genome-wide assessment of worldwide

http://www.cabi.org/cabreviews



chicken SNP genetic diversity indicates significant absence of
rare alleles in commercial breeds. Proceedings of the National
Academy of Sciences of the United States of America
2008;105(45):17312-7.

37. Rollin B. Send in the clones ... don't bother, they're here.
Journal of Agricultural Environment and Ethics 1997;10(1):
25-40.

38. Rodricks JV. FDA's ban of the use of DES in meat production:
a case study. Agriculture and Human Values 1986;3(1-2):
10-25.

39. Epstein SS. Potential public health hazards of biosynthetic
milk hormones. International Journal of Health Services:
Planning, Administration, Evaluation 1990;20(1):73-84.

40. Andersson AM, Skakkebk NE. Exposure to exogenous
estrogens in food: possible impact on human development
and health. European Journal of Endocrinology 1999;140(6):
477-85.

41. Silbergeld EK, Nachman K. The environmental and public
health risks associated with arsenical use in animal feeds.
Annals of the New York Academy of Sciences
2008;1140:346-57.

42. Taylor DM, Woodgate SL. Bovine spongiform encephalopathy:
the causal role of ruminant-derived protein in cattle diets.
Revue Scientifique et Techique 1997;16(1):187-98.

43. Silbergeld EK, Graham J, Price LB. Industrial food animal
production, antimicrobial resistance, and human health.
Annual Review of Public Health 2008;29:151-69.

44. US Department of Agriculture. Dairy 2007. Part II: Changes
in the US dairy cattle industry, 1991-2007 [Online]. 2008
[cited 24 July 2011]. Available from: URL: http://
nahms.aphis.usda.gov/dairy/dairy07/Dairy2007_Partll.pdf

45. Heringstad B, Klemetsdal G, Steine T. Selection responses
for clinical mastitis and protein yield in two Norwegian dairy
cattle selection experiments. Journal of Dairy Science
2003;86(9):2990-9.

46. US Department of Agriculture. Antibiotic use on US dairy
operations, 2002 and 2007. [Online]. 2008 [cited 25 July
2011]. Available from: URL: http://nahms.aphis.usda.gov/
dairy/dairy07/Dairy2007_ABX.pdf

47. Sawant AA, Sordillo LM, Jayarao BM. A survey on antibiotic
usage in dairy herds in Pennsylvania. Journal of Dairy Science
2005;88(8):2991-9.

48. Alcaine SD, Sukhnanand SS, Warnick LD, Su WL, McGann P,
McDonough P, et al. Ceftiofur-resistant salmonella strains
isolated from dairy farms represent multiple widely distributed
subtypes that evolved by independent horizontal gene
transfer. Antimicrobial Agents and Chemotherapy
2005;49(10):4061-7.

49. Muller M, Brenig B, Winnacker EL, Brem G. Transgenic pigs
carrying cDNA copies encoding the murine M1 protein which
confers resistance to influenza virus infection. Gene
1992;121(2):263-70.

50. Lyall J, Irvine RM, Sherman A, McKinley TJ, Nridiez A,
Purdie A, et al. Suppression of avian influenza transmission
in genetically modified chickens. Science 2011;331(6014):
223-6.

51. Cyranoski D. Koreans rustle up madness-resistant cows.
Nature 2003;426(6968):743.

52. U.S. Department of Health and Human Services Food and
Drug Administration. Substances prohibited from use in animal

Michael Greger 5

food or feed, final rule. 21 CFR Part 589. Federal Register
2008;73(81):22720-58.

53. Quigley 3rd JD, Jaynes CA, Miller ML, Schanus E,
Chester-Jones H, Marx GD, et al. Effects of hydrolyzed spray
dried red blood cells in milk replacer on calf intake, body
weight gain, and efficiency. Journal of Dairy Science
2000;83(4):788-94.

54. Haapapuro ER, Barnard ND, Simon M. Review - animal
waste used as livestock feed: dangers to human health.
Preventive Medicine 1997;26(5 Pt 1):599-602.

55. Scheid JF. BSE Cow in U.S. triggers FDA, USDA cooperative
response, new rules announced. FDA Veterinarian
2004;29(1):1-5.

56. U.S. Food and Drug Administration. Feed ban enhancement:
implementation questions and answers. [Online]. 2009 [cited
24 September 2011]. Available from: URL: http://www.fda.gov/
Animal Veterinary /GuidanceComplianceEnforcement /
ComplianceEnforcement/BovineSpongiformEncephalopathy/
ucm114453.htm

57. Golovan SP, Meidinger RG, Ajakaiye A, Cottrill M, Wiederkehr
MZ, Barney DJ, et al. Pigs expressing salivary phytase
produce low-phosphorus manure. Nature Biotechnology
2001;19(8):741-5.

58. Osterberg D, Wallinga D. Addressing externalities from
swine production to reduce public health and environmental
impacts. American Journal of Public Health
2004;94(10):1703-8.

59. Wall RJ, Powell AM, Paape MJ, Kerr DE, Bannerman DD,
Purse! VG, et al. Genetically enhanced cows resist
intramammary Staphylococcus aureus infection. Nature
Biotechnology 2005;23(4):445-51.

60. Van Dorp TE, Dekkers JCM, Martin SW, Noordhuizen JPTM.
Genetic parameters of health disorders, and relationships
with 305-day milk yield and conformation traits of
registered Holstein cows. Journal of Dairy Science 1998;81(8):
2264-70.

61. Christiansen SB, Sandoe P. Bioethics: limits to the
interference with life. Animal Reproduction Science
2000;60-61:15-29.

62. Mellon M. Re: docket number FDA-2008-D-0394. Guidance
for industry, regulation of genetically engineered animals
containing heritable rRNA constructs [Online]. 18 November
2008 [cited 25 July 2011]. Available from: URL: http://
www.regulations.gov/fdmspublic/ContentViewer?objectld=
09000064807b0ac8&disposition = attachment&
contentType = pdf

63. Thompson PB. Ethics and the genetic engineering of food
animals. Journal of Agricultural Environment and Ethics
1997;10:1-23.

64. U.S. Department of Health and Human Services Food
and Drug Administration. Animal cloning: A risk
assessment [Online]. 2008 [cited 25 July 2011].
Available from: URL: http://www.fda.gov/downloads/
Animal Veterinary /SafetyHealth /AnimalCloning/
UCM124756.pdf

65. Rollin B. Ethics and the genetic engineering of animals.
In Animals & Bioengineering: A Consideration of Law, Ethics
and Science, 10 November 2007, Duke University School of
Law, Durham, NC; 2007. Available from: URL: http://
mediastream.law.duke.edu/mp3cast/11102007aanima164.
MP3

http://www.cabi.org/cabreviews



6 Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources

66. European Food Safety Authority. Food safety, animal health
and welfare and environmental impact of animals derived from
cloning by somatic cell nucleus transfer (SCNT) and their
offspring and products obtained from those animals
(Question No. EFSA-Q-2007-092). EFSA Journal 1998;767:
1-49.

67. European Group on Ethics in Science and New Technologies
to the European Commission. Ethical aspects of
animal cloning for food supply. Opinion No. 23 [Online].
16 January 2008 [cited 25 July 2011]. Available from: URL:
http://ec.europa.eu/european_group_ethics/activities/docs/
opinion23_en.pdf

68. European Parliament. 2008. MEPs call for ban on animal
cloning for food [Online]. 3 September 2009 [cited
25 July 2011]. Available from: URL: http://www.europarl.
europa.eu/news/expert/infopress_page/032-35965-245-09-
36-904-200809021PR35964-01-09-2008-2008-false/
default_en.htm

69. Pew Initiative on Food and Biotechnology. 2005. Exploring the
moral and ethical aspects of genetically engineered and
cloned animals [Online]. October 2005 [cited 25 July 2011].
Available from: URL: http://www.pewtrusts.org/uploadedFiles/
wwwpewtrustsorg/Summaries_-_reports_and_pubs/
PI FB_Moral_Ethical_ Aspects _GE_and_Cloned_Animals.pdf

70. Pew Commission on Industrial Farm Animal Production. About
PCIFAP [Online]. 2006 [cited 25 July 2011]. Available from:
URL: http://www.ncifap.org/about/

71. Pew Commission on Industrial Farm Animal Production.
Statement by Robert P. Martin, Executive Director,
Pew Commission on Industrial Farm Animal Production to the
Health Subcommittee of the House Energy and Commerce
Committee [Online]. 2008 [cited 25 July 2011]. Available from:
URL: http: / /www.pewtrusts .org /news_room_detail.aspx ?id =
39966

72. National Research Council of the National Academies.
Animal Biotechnology: Science-based Concerns [Online].
2002 [cited 25 July 2011]. Available from: URL: http://
www.nap.edu/openbook.php?isbn = 0309084393

73. Rock M, Buntain BJ, Hatfield JM, Hallgrimsson B.
Animal-human connections, "one health", and the syndemic
approach to prevention. Social Science and Medicine
2009;68(6):991-5.

74. Enserink M. Infectious diseases. Humans, animals - it's one
health. Or is it? Science 2010;327(5963):266-7.

75. Animal farm: pig in the middle. Nature 2009;459(7249):889.
(see http://www.nature.com/nature/journal/v459/n7249/full/
459889a.html)

http://www.cabi.org/cabreviews


