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Summary

Background We investigated a consecutive series of children with chronic enterocolitis and 
regressive developmental disorder.

Methods 12 children (mean age 6 years [range 3-10], 11 boys) were referred to a paediatric
gastroenterology unit with a history of normal development followed by loss of acquired skills, 
including language, together with diarrhoea and abdominal pain. Children underwent 
gastroenterological, neurological, and developmental assessment and review of developmental 
records. Ileocolonoscopy and biopsy sampling, magnetic-resonance imaging (MRI), 
electroencephalography (EEG), and lumbar puncture were done under sedation. Barium 
follow-through radiography was done where possible. Biochemical, haematological, and 
immunological profiles were examined.

Findings Onset of behavioural symptoms was associated, by the parents, with measles, 
mumps, and rubella vaccination in eight of the 12 children, with measies infection in one child, 
and otitis media in another.All 12 children had intestinal abnormalities, ranging from lymphoid 
nodular hyperplasia to aphthoid ulceration. Histology showed patchy chronic inflammation in the
colon in 11 children and reactive ileal lymphoid hyperplasia in seven, but no granulomas. 
Behavioural disorders included autism (nine), disintegrative psychosis (one), and possible 
postviral or vaccinal encephalitis (two). There were no focal neurological abnormalities and MRI 
and EEG tests were normal. Abnormal laboratory results were significantly raised urinary 
methylmalonic acid compared with age-matched controls (p=0.003), low haemoglobin in four 
children, and a low serum IgA in four children.

Interpretation We identified associated gastrointestinal disease and developmental 
regression in a group of previously normal children, which was generally associated in time with 
possible environmental triggers.

Introduction

We saw several children who, after a period of apparent normality, lost acquired skills, 
including communication. They all had gastrointestinal symptoms, including abdominal pain, 
diarrhoea, and bloating and, in some cases, food intolerance. We describe the clinical findings, 
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and gastrointestinal features of these children.

Patients and methods

12 children, consecutively referred to the department of paediatric gastroenterology with a 
history of a pervasive developmental disorder with loss of acquired skills and intestinal 
symptoms (diarrhoea, abdominal pain, bloating and food intolerance), were investigated. All 
children were admitted to the ward for 1 week, accompanied by their parents.

Clinical investigations

We took histories, including details of immunisations and exposure to infectious diseases, 
and assessed the children. In 11 cases the history was obtained by the senior clinician (JW-S). 
Neurological and psychiatric assessments were done by consultant staff (PH, MB) with HMS-4 
criteria. [1] Developmental histories included a review of prospective developmental records 

from parents, health visitors, and general practitioners. Four children did not undergo 
psychiatric assessment in hospital; all had been assessed professionally elsewhere, so these 
assessments were used as the basis for their behavioural diagnosis.

After bowel preparation, ileocolonoscopy was performed by SHM or MAT under sedation with
midazolam and pethidine. Paired frozen and formalin-fixed mucosal biopsy samples were taken 
from the terminal ileum; ascending, transverse, descending, and sigmoid colons, and from the 
rectum. The procedure was recorded by video or still images, and were compared with images 
of the previous seven consecutive paediatric colonoscopies (four normal colonoscopies and three
on children with ulcerative colitis), in which the physician reported normal appearances in the 
terminal ileum. Barium follow-through radiography was possible in some cases.

Also under sedation, cerebral magnetic-resonance imaging (MRI), electroencephalography 
(EEG) including visual, brain stem auditory, and sensory evoked potentials (where compliance 
made these possible), and lumbar puncture were done.

Laboratory investigations

Thyroid function, serum long-chain fatty acids, and cerebrospinal-fluid lactate were 
measured to exclude known causes of childhood neurodegenerative disease. Urinary 
methylmalonic acid was measured in random urine samples from eight of the 12 children and 14
age-matched and sex-matched normal controls, by a modification of a technique described 
previously. [2] Chromatograms were scanned digitally on computer, to analyse the 

methylmalonic-acid zones from cases and controls. Urinary methylmalonic-acid concentrations 
in patients and controls were compared by a two-sample t test. Urinary creatinine was 
estimated by routine spectrophotometric assay.

Children were screened for antiendomyseal antibodies and boys were screened for fragile-X 
if this had not been done before. Stool samples were cultured for Campylobacter spp, 
Salmonella spp, and Shigella spp and assessed by microscopy for ova and parasites. Sera were 
screened for antibodies to Yersinia enterocolitica.

Histology

Formalin-fixed biopsy samples of ileum and colon were assessed and reported by a 
pathologist (SED). Five ileocolonic biopsy series from age-matched and site-matched controls 
whose reports showed histologically normal mucosa were obtained for comparison. All tissues 
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were assessed by three other clinical and experimental pathologists (APD, AA, AJW).

Ethical approval and consent

Investigations were approved by the Ethical Practices Committee of the Royal Free Hospital 
NHS Trust, and parents gave informed consent.

Results

Clinical details of the children are shown in Table 1 and Table 2. None had neurological 

abnormalities on clinical examination; MRI scans, EEGs, and cerebrospinal-fluid profiles were 
normal; and fragile X was negative. Prospective developmental records showed satisfactory 
achievement of early milestones in all children. The only girl (child number eight) was noted to 
be a slow developer compared with her older sister. She was subsequently found to have 
coarctation of the aorta. After surgical repair of the aorta at the age of 14 months, she 
progressed rapidly, and learnt to talk. Speech was lost later. Child four was kept under review 
for the first year of life because of wide bridging of the nose. He was discharged from follow-up 
as developmentally normal at age 1 year.

Table 1. Clinical details and laboratory, endoscopic, and histological findings
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Table 2. Neuropsychiatric diagnosis

In eight children, the onset of behavioural problems had been linked, either by the parents 
or by the child's physician, with measles, mumps, and rubella vaccination. Five had had an early
adverse reaction to immunisation (rash, fever, delirium; and, in three cases, convulsions). In 
these eight children the average interval from exposure to first behavioural symptoms was 6.3 
days (range 1-14). Parents were less clear about the timing of onset of abdominal symptoms 
because children were not toilet trained at the time or because behavioural features made 
children unable to communicate symptoms.

One child (child four) had received monovalent measles vaccine at 15 months, after which 
his development slowed (confirmed by professional assessors). No association was made with 
the vaccine at this time. He received a dose of measles, mumps, and rubella vaccine at age 4.5 
years, the day after which his mother described a striking deterioration in his behaviour that she
did link with the immunisation. Child nine received measles, mumps, and rubella vaccine at 16 
months. At 18 months he developed recurrent antibiotic-resistant otitis media and the first 
behavioural symptoms, including disinterest in his sibling and lack of play.

(Table 2) summarises the neuropsychiatric diagnoses; the apparent precipitating events; 

onset of behavioural features; and age of onset of both behaviour and bowel symptoms.

Laboratory tests

All children were antiendomyseal-antibody negative and common enteric pathogens were 
not identified by culture, microscopy, or serology. Urinary methylmalonic-acid excretion was 
significantly raised in all eight children who were tested, compared with age-matched controls 
(p=0.003; Figure 1). Abnormal laboratory tests are shown in Table 1.

Figure 1. Urinary methylmalonic-acid excretion in patients and controls p=Significance of mean 
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excretion in patients compared with controls.

Endoscopic findings

The caecum was seen in all cases, and the ileum in all but two cases. Endoscopic findings 
are shown in Table 1. Macroscopic colonic appearances were reported as normal in four children. 

The remaining eight had colonic and rectal mucosal abnormalities including granularity, loss of 
vascular pattern, patchy erythema, lymphoid nodular hyperplasia, and in two cases, aphthoid 
ulceration. Four cases showed the "red halo" sign around swollen caecal lymphoid follicles, an 
early endoscopic feature of Crohn's disease. [3] The most striking and consistent feature was 

lymphoid nodular hyperplasia of the terminal ileum which was seen in nine children (Figure 2), 

and identified by barium follow-through in one other child in whom the ileum was not reached at
endoscopy. The normal endoscopic appearance of the terminal ileum (Figure 2) was seen in the 

seven children whose images were available for comparison.
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Figure 2. Endoscopic view of terminal ilium in child three and in a child with endoscopically and 
histologically normal ileum and colon Greatly enlarged lymphoid nodule in right-hand field of 
view. A and B=child three; C=normal ileum. Remainder of mucosal surface of terminal ileum is 
a carpet of enlarged lymphoid nodules.

Histological findings

Histological findings are summarised in Table 1.

Terminal ileum A reactive lymphoid follicular hyperplasia was present in the ileal biopsies of 
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seven children. In each case, more than three expanded and confluent lymphoid follicles with 
reactive germinal centres were identified within the tissue section (Figure 3). There was no 

neutrophil infiltrate and granulomas were not present.

Figure 3. Biopsy sample from terminal ileum (top) and from colon (bottom) A=child three; 
lymphoid hyperplasia with extensive, confluent lymphoid nodules. B=child three; dense 
infiltration of the lamina propria crypt epithelium by neutrophils and mononuclear cells. Stained 
with haematoxylin and eosin.

Colon The lamina propria was infiltrated by mononuclear cells (mainly lymphocytes and 
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macrophages) in the colonic-biopsy samples. The extent ranged in severity from scattered focal 
collections of cells beneath the surface epithelium (five cases) to diffuse infiltration of the 
mucosa (six cases). There was no increase in intraepithelial lymphocytes, except in one case, in 
which numerous lymphocytes had infiltrated the surface epithelium in the proximal colonic 
biopsies. Lymphoid follicles in the vicinity of mononuclear-cell infiltrates showed enlarged 
germinal centres with reactive changes that included an excess of tingible body macrophages.

There was no clear correlation between the endoscopic appearances and the histological 
findings; chronic inflammatory changes were apparent histologically in endoscopically normal 
areas of the colon. In five cases there was focal acute inflammation with infiltration of the 
lamina propria by neutrophils; in three of these, neutrophils infiltrated the caecal (Figure 3) and 

rectalcrypt epithelium. There were no crypt abscesses. Occasional bifid crypts were noted but 
overall crypt architecture was normal. There was no goblet-cell depletion but occasional 
collections of eosinophils were seen in the mucosa. There were no granulomata. Parasites and 
organisms were not seen. None of the changes described above were seen in any of the normal 
biopsy specimens.

Discussion

We describe a pattern of colitis and ileal-lymphoid-nodular hyperplasia in children with 
developmental disorders. Intestinal and behavioural pathologies may have occurred together by 
chance, reflecting a selection bias in a self-referred group; however, the uniformity of the 
intestinal pathological changes and the fact that previous studies have found intestinal 
dysfunction in children with autistic-spectrum disorders, suggests that the connection is real and
reflects a unique disease process.

Asperger first recorded the link between coeliac disease and behavioural psychoses. [4]

Walker-Smith and colleagues [5] detected low concentrations of alpha-1 antitrypsin in children 

with typical autism, and D'Eufemia and colleagues [6] identified abnormal intestinal permeability,

a feature of small intestinal enteropathy, in 43% of a group of autistic children with no 
gastrointestinal symptoms, but not in matched controls. These studies, together with our own, 
including evidence of anaemia and IgA deficiency in some children, would support the 
hypothesis that the consequences of an inflamed or dysfunctional intestine may play a part in 
behavioural changes in some children.

The "opioid excess" theory of autism, put forward first by Panksepp and colleagues [7] and 

later by Reichelt and colleagues [8] and Shattock and colleagues [9] proposes that autistic 

disorders result from the incomplete breakdown and excessive absorption of gut-derived 
peptides from foods, including barley, rye, oats, and caesin from milk and dairy produce. These 
peptides may exert central-opioid effects, directly or through the formation of ligands with 
peptidase enzymes required for breakdown of endogenous central-nervous-system opioids, [9]

leading to disruption of normal neuroregulation and brain development by endogenous 
encephalins and endorphins.

One aspect of impaired intestinal function that could permit increased permeability to 
exogenous peptides is deficiency of the phenyl-sulphur-transferase systems, as described by 
Waring. [10] The normally sulphated glycoprotein matrix of the gut wall acts to regulate cell and 

molecular trafficking. [11] Disruption of this matrix and increased intestinal permeability, both 

features of inflammatory bowel disease, [17] may cause both intestinal and neuropsychiatric 
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dysfunction. Impaired enterohepatic sulphation and consequent detoxification of compounds 
such as the phenolic amines (dopamine, tyramine, and serotonin) [12] may also contribute. Both

the presence of intestinal inflammation and absence of detectable neurological abnormality in 
our children are consistent with an exogenous influence upon cerebral function. Lucarelli's 
observation that after removal of a provocative enteric antigen children achieved symptomatic 
behavioural improvement, suggests a reversible element in this condition. [13]

Despite consistent gastrointestinal findings, behavioural changes in these children were 
more heterogeneous. In some cases the onset and course of behavioural regression was 
precipitous, with children losing all communication skills over a few weeks to months. This 
regression is consistent with a disintegrative psychosis (Heller's disease), which typically occurs 
when normally developing children show striking behaviour changes and developmental 
regression, commonly in association with some loss of coordination and bowel or bladder 
function. [14] Disintegrative psychosis is typically described as occurring in children after at least 

2-3 years of apparently normal development.

Disintegrative psychosis is recognised as a sequel to measles encephalitis, although in most 
cases no cause is ever identified. [14] Viral encephalitis can give rise to autistic disorders, 

particularly when it occurs early in life. [15] Rubella virus is associated with autism and the 

combined measles, mumps, and rubella vaccine (rather than monovalent measles vaccine) has 
also been implicated. Fudenberg [16] noted that for 15 of 20 autistic children, the first symptoms 

developed within a week of vaccination. Gupta [17] commented on the striking association 

between measles, mumps, and rubella vaccination and the onset of behavioural symptoms in all
the children that he had investigated for regressive autism. Measles virus [18,19] and measles 

vaccination [20] have both been implicated as risk factors for Crohn's disease and persistent 

measles vaccine-strain virus infection has been found in children with autoimmune hepatitis. [21]

We did not prove an association between measles, mumps, and rubella vaccine and the 
syndrome described. Virological studies are underway that may help to resolve this issue.

If there is a causal link between measles, mumps, and rubella vaccine and this syndrome, a 
rising incidence might be anticipated after the introduction of this vaccine in the UK in 1988. 
Published evidence is inadequate to show whether there is a change in incidence [22] or a link 

with measles, mumps, and rubella vaccine. [23] A genetic predisposition to autistic-spectrum 

disorders is suggested by over-representation in boys and a greater concordance rate in 
monozygotic than in dizygotic twins. [15] In the context of susceptibility to infection, a genetic 

association with autism, linked to a null allele of the complement (C) 4B gene located in the 
class III region of the major-histocompatibility complex, has been recorded by Warren and 
colleagues. [24] C4B-gene products are crucial for the activation of the complement pathway and

protection against infection: individuals inheriting one or two C4B null alleles may not handle 
certain viruses appropriately, possibly including attenuated strains.

Urinary methylmalonic-acid concentrations were raised in most of the children, a finding 
indicative of a functional vitamin B12 deficiency. Although vitamin B12 concentrations were 
normal, serum B12 is not a good measure of functional B12 status. [25] Urinary 

methylmalonic-acid excretion is increased in disorders such as Crohn's disease, in which 
cobalamin excreted in bile is not reabsorbed. A similar problem may have occurred in the 
children in our study. Vitamin B12 is essential for myelinogenesis in the developing central 
nervous system, a process that is not complete until around the age of 10 years. B12 deficiency 
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may, therefore, be a contributory factor in the developmental regression. [26]

We have identified a chronic enterocolitis in children that may be related to neuropsychiatric
dysfunction. In most cases, onset of symptoms was after measles, mumps, and rubella 
immunisation. Further investigations are needed to examine this syndrome and its possible 
relation to this vaccine.

Addendum:

Up to Jan 28, a further 40 patients have been assessed; 39 with the syndrome.

Contributors

A J Wakefield was the senior scientific investigator. S H Murch and M A Thomson did the 
colonoscopies. A Anthony, A P Dhillon, and S E Davies carried out the histopathology. J Linnell 
did the B12 studies. D M Casson and M Malik did the clinical assessment. M Berelowitz did the 
psychiatric assessment. P Harvey did the neurological assessment. A Valentine did the 
radiological assessment. JW-S was the senior clinical investigator.

Acknowledgments

This study was supported by the Special Trustees of Royal Free Hampstead NHS Trust and 
the Children's Medical Charity. We thank Francis Moll and the nursing staff of Malcolm Ward for 
their patience and expertise; the parents for providing the impetus for these studies; and Paula 
Domizo, Royal London NHS Trust, for providing control tissue samples.

REFERENCES

1. Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). 4th edn. Washington DC, USA: 
American Psychiatric Association, 1994. [Context Link]

2. Bhatt HR, Green A, Linnell JC. A sensitive micromethod for the routine estimations of methylmalonic 
acid in body fluids and tissues using thin-layer chromatography. Clin Chem Acta 1982; 118: 311-21. 
Bibliographic Links  Library Holdings  [Context Link]

3. Fujimura Y, Kamoni R, Iida M. Pathogenesis of aphthoid ulcers in Crohn's disease: correlative findings 
by magnifying colonoscopy, electromicroscopy, and immunohistochemistry. Gut 1996; 38: 724-32. 
Bibliographic Links  Library Holdings  [Context Link]

4. Asperger H. Die Psychopathologie des coeliakakranken kindes. Ann Paediatr 1961; 197: 146-51. 
[Context Link]

5. Walker-Smith JA, Andrews J. Alpha-1 antitrypsin, autism and coeliac disease. Lancet 1972; ii: 883-84.
[Context Link]

6. D'Eufemia P, Celli M, Finocchiaro R, et al. Abnormal intestinal permeability in children with autism. 
Acta Paediatrica 1996; 85: 1076-79. Bibliographic Links  Library Holdings  [Context Link]

7. Panksepp J. A. neurochemical theory of autism. Trends Neurosci 1979; 2: 174-77. [Context Link]

8. Reichelt KL, Hole K, Hamberger A, et al. Biologically active peptide-containing fractions in 
schizophrenia and childhood autism. Adv Biochem Psychopharmacol 1993; 28: 627-43. [Context Link]

9. Shattock P, Kennedy A, Rowell F, Berney TP. Role of neuropeptides in autism and their relationships 
with classical neurotransmitters. Brain Dysfunction 1991; 3: 328-45. Bibliographic Links  Library 
Holdings  [Context Link]

10. Waring RH, Ngong JM. Sulphate metabolism in allergy induced autism: relevance to disease 
actiology, conference proceedings, biological perspectives in autism, University of Durham, NAS 35-44. 
[Context Link]



Ovid: Wakefield: Lancet, Volume 351(9103).February 28, 1998.637-641 http://gateway.ut.ovid.com/gw1/ovidweb.cgi

11 of 11 13/06/2006 10:55 AM

11. Murch SH, MacDonald TT, Walker-Smith JA, Levin M, Lionetti P, Klein NJ. Disruption of sulphated 
glycosaminoglycans in intestinal inflammation. Lancet 1993; 341: 711-41. Ovid Full Text  Bibliographic 
Links  Library Holdings  [Context Link]

12. Warren RP, Singh VK. Elevated serotonin levels in autism: association with the major 
histocompatibility complex. Neuropsychobiology 1996; 34: 72-75. Bibliographic Links  Library 
Holdings  [Context Link]

13. Lucarelli S, Frediani T, Zingoni AM, et al. Food allergy and infantile autism. Panminerva Med 1995; 
37: 137-41. Bibliographic Links  Library Holdings  [Context Link]

14. Rutter M, Taylor E, Hersor L. In: Child and adolescent psychiatry. 3rd edn. London: Blackwells 
Scientific Publications: 581-82. [Context Link]

15. Wing L. The Autistic Spectrum. London: Constable, 1996: 68-71. [Context Link]

16. Fudenberg HH. Dialysable lymphocyte extract (DLyE) in infantile onset autism: a pilot study. 
Biotherapy 1996; 9: 13-17. [Context Link]

17. Gupta S. Immunology and immunologic treatment of autism. Proc Natl Autism Assn Chicago 1996; 
455-60. [Context Link]

18. Miyamoto H, Tanaka T, Kitamoto N, Fukada Y, Takashi S. Detection of immunoreactive antigen with 
monoclonal antibody to measles virus in tissue from patients with Crohn's disease. J Gastroenterol 1995;
30: 28-33. Bibliographic Links  Library Holdings  [Context Link]

19. Ekbom A, Wakefield AJ, Zack M, Adami H-O. Crohn's disease following early measles exposure. 
Lancet 1994; 344: 508-10. [Context Link]

20. Thompson N, Montgomery S, Pounder RE, Wakefield AJ. Is measles vaccination a risk factor for 
inflammatory bowel diseases? Lancet 1995; 345: 1071-74. Ovid Full Text  Bibliographic Links  Library 
Holdings  [Context Link]

21. Kawashima H, Mori T, Takekuma K, Hoshika A, Hata A, Nakayama T. Polymerase chain reaction 
detection of the haemagglutinin gene from an attenuated measles vaccines strain in the peripheral 
mononuclear cells of children with autoimmune hepatitis. Arch Virol 1996; 141: 877-84. [Context Link]

22. Wing L. Autism spectrum disorders: no evidence for or against an increase in prevalence. BMJ 1996; 
312: 327-28. [Context Link]

23. Miller D, Wadsworth J, Diamond J, Ross E. Measles vaccination and neurological events. Lancet 
1997; 349: 730-31. Ovid Full Text  Bibliographic Links  Library Holdings  [Context Link]

24. Warren RP, Singh VK, Cole P, et al. Increased frequency of the null allele at the complement C4B 
locus in autism. Clin Exp Immunol 1991; 83: 438-40. Bibliographic Links  Library Holdings  [Context 
Link]

25. England JM, Linnell JC. Problems with the serum vitamin B12 assay. Lancet 1980; ii: 1072-74. 
Bibliographic Links  Library Holdings  [Context Link]

26. Dillon MJ, England JM, Gompertz D, et al. Mental retardation, megaloblastic anaemic, homocysteine 
metabolism due to an error in B12 metabolism. Clin Sci Mol Med 1974; 47: 43-61. Bibliographic Links
Library Holdings  [Context Link]

Accession Number: 00005531-199802280-00010

Copyright (c) 2000-2006 Ovid Technologies, Inc.
Version: rel10.3.0, SourceID 1.12052.1.81



I have no conflict of interest to declare. 

Hiroaki Matsubara
Department of Cardiovascular Medicine, Kyoto Prefectural University
School of Medicine, and Director of Cardiac Stem Cell Project,
Translational Research Center, Kyoto University Hospital, Kyoto, Japan 
(e-mail: matsubah@koto.kpu-m.ac.jp) 

1 Korbling M, Estrov Z. Adult stem cells for tissue repair—new
therapeutic concept? N Engl J Med 2003; 349: 570–82.

2 Tateishi-Yuyama E, Matsubara H, Murohara T, et al. Therapeutic
angiogenesis for patients with limb ischemia by autologous
transplantation of bone marrow cells: a pilot study and a randomised
controlled trial. Lancet 2002; 360: 427–35.

3 Strauer BE, Brehm M, Zeus T, et al. Repair of infarcted myocardium
by autologous intracoronary mononuclear bone marrow cell
transplantation in humans. Circulation 2002; 106: 1913–18.

4 Assmus B, Schachinger V, Teupe C, et al. Transplantation of
progenitor cells and regeneration enhancement in acute myocardial
infarction (TOPCARE-AMI). Circulation 2002; 106: 3009–17

5 Stamm C, Westphal B, Kleine H-D, et al. Autologous bone-marrow
stem-cell transplantation for myocardial regeneration. Lancet 2003;
361: 45–46.

6 Tse H-F, Kwong Y-L, Chan JKF, et al. Angiogenesis in ischaemic
myocardium by intramyocardial autologous bone marrow
mononuclear cell implantation. Lancet 2003; 361: 47–49.

7 Perin EC, Dohmann HFR, Borojevic R, et al. Transendocardial,
autologous bone marrow cell transplantation for severe, chronic
ischemic heart failure. Circulation 2003; 107: 2294–2302.

8 Orlic D, Kajstura J, Chimenti S, et al. Mobilized bone marrow cells
repair the infarcted heart, improving function and survival. 
Proc Natl Acad Sci USA 2001; 98: 10344–49.

9 Norol F, Merlet P, Sebillon P, et al. Influence of mobilized stem cells
on myocardial infarct repair in a nonhuman primate model. Blood
2003; 102: 4361–68.

10 Hill JM, Paul JD, Powell TM, et al. Efficacy and risk of granulocyte
colony stimulating factor administration in patients with severe
coronary artery disease. Circulation 2003; 108 (supp IV): 478

11 Fukumoto Y, Miyamoto T, Okamura T, et al. Angina pectoris
occuring during granulocyte colony-stimulating factor-combined
preparatory regimen for autologous peripheral blood stem cell
transplantation in a patient with acute myelogenous leukaemia. 
Br J Haem 1997; 97: 666–68

12 Kamihata H, Matsubara H, Nishiue N, et al. Improvement of
collateral perfusion and regional function by catheter-based
implantation of peripheral blood mononuclear cells into ischemic
hibernating myocardium. Arterioscler Thromb Vasc Biol 2002; 22:
1804–10

13 Inaba S, Egashira K, Kimihiro, et al. Peripheral-blood or bone-
marrow mononuclear cells for therapeutic angiogenesis? Lancet 2002;
360: 2083–84.

14 Iba O, Matsubara H, Nozawa Y, et al. Angiogenesis by implantation
of peripheral blood mononuclear cells and platelets into ischemic
limbs Circulation 2002; 106: 2019–25.

THE LANCET • Vol 363 • March 6, 2004 • www.thelancet.com 747

COMMENTARY

The lessons of MMR

See pages 750 and 820
This week, The Lancet prints a partial retraction—a
retraction of an interpretation1—from the majority of
authors of a paper published in February, 1998, by
Andrew Wakefield and colleagues.2 Wakefield and one
other co-author, Peter Harvey, have not signed this
retraction statement. We hope to publish their response
very shortly. The original report2 made clear that the
authors “did not prove an association” between measles,
mumps, and rubella (MMR) vaccine and a newly
described syndrome of bowel disease and autism. But
the authors did raise the possibility of a link, on the basis
of parental and medical histories, and they suggested
that “further investigations are needed to examine this
syndrome and its possible relation to this vaccine”. This
interpretation of their data, together with a suggestion
made by Wakefield during a separate press conference
held at the Royal Free Hospital that there was a case for
splitting the MMR vaccine into its component parts,

triggered a collapse in confidence in the UK’s MMR
vaccination programme. It is the interpretation
expressed about a connection between the vaccine and
the new syndrome that is now being retracted. Today’s
retraction comes after debate following the release of
new information 2 weeks ago about the circumstances
surrounding the publication of this work.3 An enormous
amount of effort has gone into reviewing and analysing
the events before and after publication of the 1998
article. It is now time to look forward.

Autism research
In 1943, Leo Kanner described 11 children with a
condition that differed “markedly and uniquely from
anything reported so far”.4 He believed that the
characteristics of these children, the fundamental feature
of whom was their “inability to relate themselves in the
ordinary way to people and situations from the
beginning of life”, constituted a syndrome, one that he
described as “an extreme autistic aloneness”. The
recognition of such a distinct clinical entity was
important, even urgent at that time. Kanner described
how several of the children who had been introduced to
him were inappropriately labelled as “idiots or im-
beciles”. One lived in a “state school for the
feebleminded, and two had been previously considered
as schizophrenic”.

Since Kanner’s report, autism and autism-like
conditions have become common diagnoses5 and
exercise much media attention.6 There is a strong
underlying genetic basis to autism. But the idea of a
“late-onset” variant7 raised a possibility that there might
be psychological and organic factors contributing to
autism’s cause and course. One unexpected conse-
quence of the debate surrounding MMR has been a
redirection of public attention to a condition that has
often been neglected by medicine. In a review of the
epidemiology and causes of autism, for example, the
UK’s Medical Research Council (MRC) summarised
existing knowledge and identified strategic themes
deserving further investigation (panel).8 There are large
and surprising gaps in our knowledge of a condition that
affects as many as 6 per 1000 young children. 

The UK Government announced a further
£2·75 million of new and ring-fenced money for autism
research in 2002. The first funding decisions by the
MRC are expected in May this year. The MRC is
strongly committed to autism research, presently
funding seven research projects at a cost of over
£4 million. To make the best of what are still limited

Future strategic themes in autism research8

● Case definition
Improving phenotypic identification

● Epidemiological frameworks
Pinpointing environmental and genetic influences

● Integrated research strategies
Developing a comprehensive neurosciences approach

● Hypotheses about abnormal physiology
Requiring experimental rigour and independent 
replication

● Research capacity and the service interface
Promoting collaboration, career development, and 
child-care and support service expansion

● Lay participation
Strengthening research networks through partnership
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There is no valid set of safety data to which one can turn
to answer these queries. Public concern grows and
confidence in the technology may be jeopardised.
Appropriate studies are hastily completed to confirm or
refute the original signal of potential risk. An answer
eventually comes, but too late to have prevented a great
deal of anxiety.

Jefferson has suggested a solution to this problem.11

He recognises that vaccines pose particular challenges
to investigators given their frequently universal
coverage, which precludes the possibility of any
controlled long-term experimental assessment. Instead,
he proposes creating a library of evidence, drawing
together widely dispersed data from published papers,
manufacturers’ technical reports, and researchers’
personal files. In this way, loss of crucial information
would be minimised and gaps in existing evidence could
be identified and filled early on. This idea is sensible
and deserves further consideration.

Public engagement
Many doctors and public-health officials have been
frustrated by the debate over MMR. I have shared this
frustration. One newspaper fancifully called our recent
statement (see page 820) about the 1998 Lancet paper
part of an “orchestrated campaign” to bolster MMR
programmes.12 In fact, the events leading to today’s
partial retraction were sudden, sparked by an investi-
gation by a newspaper, The Sunday Times. Our response
was to determine answers to very specific allegations.
We have had no contact with anybody at the
Department of Health or elsewhere in Government,
vaccine manufacturers, or lawyers involved in ongoing
litigation. There was no orchestrated campaign.

But there are fair questions to be asked about the style
of government and expert response to claims about the
safety of MMR. Three reactions have been discernable.
First, there has been an appeal to evidence. The Depart-
ment of Health’s www.mmrthefacts.nhs.uk website
contains a superb collection of materials designed to
help parents make the “decision in your own time and
on your own terms”. The difficulty is that in a post-BSE
era, where government advice is no longer immediately
taken on trust, the weight of accumulated evidence
carries less force if it comes from government than it
once did.

Second, public-health officials have disparaged as
“poor science” evidence that appears to contradict their
official message. This approach has a cost. The reason
that today’s retraction is partial and not total is that the
discovery of a possible link between bowel disease and
autism is a serious scientific idea, as recognised by the
MRC,8 and one that deserves further investigation.
Although dismissing the entire 1998 Lancet paper as
poor science gives a clear and correct message to the
public about the status of any claim regarding the safety
of MMR, in scientific and clinical terms it is both wrong
and damaging. The autism-bowel disease link was con-
sidered part of a series of physiological observations
judged by the MRC to be “interesting and in principle
worth investigating”. Subsequent research has yielded
conflicting findings.13,14 This work should be supported.

Third, there has been an effort to starve critics of
legitimacy by refusing to engage them face-to-face. For
example, when the drama Hear the Silence was broadcast
on British television in December last year, there was a
boycott of a subsequent discussion by many of those
who could have best articulated the case for MMR. The
reason advanced was that rational debate would not

resources, it is important that the Council’s steering
group set up to implement the findings of its 2001
report, together with other major national and
international grant-giving bodies, establish a funders’
forum for autism research to fine-tune strategy and
avoid unnecessary duplication of research effort. The
UK Government should extend its initial and welcome
commitment to autism by pump-priming research with
a further ring-fenced lump sum to the MRC of at least
£12·5 million—£2·5 million annually over 5 years. Such
sustained investment is vital if properly designed
longitudinal studies to examine genetic and environ-
mental factors in autism are to be constructed. Compare
these modest sums of funding, for example, with the US
National Institute of Health’s budget for autism
research of $70 million by 2003. NIH is also committed
to creating STAART (Studies to Advance Autism
Research and Treatment) centres—eight of which have
been launched in the past 2 years, at a cost of $65
million, spread over 5 years. This approach might well
have merit in the UK.

Research integrity
The latest debate surrounding Wakefield and
colleagues’ paper has been enormously confusing.
Public inquiries have been sought into the way ethics
committees operate, how the legal services commission
makes its decisions, and even, once again, into the safety
of vaccines. A preliminary investigation by the UK’s
General Medical Council is underway. A furious debate
about the actions of almost all protagonists has taken
place. The press has become the courtroom for this very
public dispute. But the media cannot be the only place
to charge, investigate, prosecute, defend, judge, and
pass verdicts on those who have been accused of
research misconduct.

In 2000, a group representing the UK’s Committee
on Publication Ethics (COPE) drew attention to a
collective institutional failure to take allegations of
research misconduct seriously.9 The absence of formal
mechanisms within many universities and at a national
level to investigate claims with visible due process
means that publicly aired allegations leave everybody
involved scrambling to respond in the best way they can.
COPE has produced helpful guidance on how to deal
with allegations of misconduct. But with no national
body to which one can refer these allegations, the
danger is that in any ensuing media furore good people
are hurt by smear and innuendo. The appearance of
institutions investigating themselves, while accepted as
the norm in science and medicine, does little to
strengthen public trust in a system that has such critical
societal influence, and thus which requires transparent
lines of accountability.

Present scientific and medical institutions have failed
to act after years of encouragement and embarrassment.
It is now up to Government to step in to create Britain’s
first Council for Research Integrity. Please, ministers,
do so and do it now.

Vaccine safety
In a review of the unintended effects associated with
MMR, Jefferson and colleagues10 found that the
reporting of safety outcomes in MMR vaccine studies
was inadequate. Here is a constantly repeated scenario
in health-technology assessment (another example: the
row over the safety of calcium-channel blockers).
A product undergoes limited testing for efficacy and
safety. It is licensed. A signal of concern is thrown up.
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change the minds of an extreme few who believed MMR
to be unsafe no matter what the evidence presented to
them. Also, the composition of the panel discussion did
not reflect the large measure of consensus that MMR is
safe. Instead, it portrayed the issue as a finely balanced
scientific exchange, when in truth there is very little
scientific uncertainty.

How should we debate and discuss matters of public
health concern? Certainly, with all the evidence before
us. But perhaps this evidence is best provided by neutral
and trusted third parties—not the Government. In the
UK, one might turn to the Consumers’ Association,
which publishes the respected Drug and Therapeutics
Bulletin. Certainly, with strong public-health messages.
But care must be taken not to dismiss important work
that deserves continued support. And certainly robustly.
But also directly, recognising that wider public trust is
best fostered neither by referring to abstract evidence
alone nor by official pronouncements of reassurance,
but by explaining face-to-face15 in transparent, human,
even anecdotal terms with personal stories, why a
particular course of action is being advocated.

Persuading the public to support vaccination is not
only a matter of winning an argument. It is also about
understanding the reasons why parents are and are not
inclined to take their children for immunisation.16 The
complexity of this decision demands a more nuanced
response from the public-health community than it has
so far received. 

Publishing controversial new ideas
It seems obvious now that had we appreciated the full
context in which the work reported in the 1998 Lancet
paper by Wakefield and colleagues was done,
publication would not have taken place in the way that it
did. These are difficult judgments to make in hindsight.
For example, our sensitivity to potential conflicts of
interest is very much higher today than it was in
1998.17–19 What we will not do is to become profoundly
conservative in our decision making about original
ideas. A forum to raise new and sometimes unpopular
thinking, even on the basis of what at first might appear
flimsy evidence, is important20—and often vitally so for
clinical medicine and public health.21 How we discuss
this new thinking then becomes the central question to
answer,22 not whether we should publish it or not. 

Information that once could be confined to a small
community of professionals is now open to wider
distribution and comment—accurately or otherwise. No
matter how many qualifying phrases or parallel re-
assuring editorials an editor might run, a new finding or
a controversial claim is impossible to control. This
places great responsibility on editors, scientists, and
press and public-relations professionals to avoid en-
couraging anybody to go beyond the data or inter-
pretations described in a paper. It is the job of
journalists to tempt scientists to do otherwise. But we
can all do better to adjust the volume of our message
according to the validity of the information before us.
Editors have a responsibility to be involved in all aspects
of a paper’s dissemination, whether in the pages of a
medical journal or on the platform of a press conference.

Finally, what of the calls for a public inquiry into this
entire affair? An inquiry would certainly provide an
opportunity to investigate, once again, all the issues

that have made this matter such a troubling one for so
many. To that extent it would be welcome. But public
inquiries are easy to demand, and less easily able to
deliver on expectations. They can sometimes entrench
division rather than relieve it. Would it not be better to
create a more positive process that emphasises
reconciliation, progress, and partnership? A collab-
orative consultation, perhaps, between equals:
members of the autism lay community (including
parents and possibly in conjunction with the
Consumers’ Association, which has a strong interest in
public information and, through the DTB, MMR23),
clinicians responsible for the care of children with
autism and related disorders, the MRC, and the Health
Protection Agency. Call it, say, “MMR and autism:
learning the lessons”. For there are, indeed, lessons to
be learned.

Richard Horton
The Lancet, London NW1 7BY, UK
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Introduction: the idea of a model

As noted in Section One Tutorial One, animals have been used as stand-ins for human beings since ancient times: as our
investigative tools have become more refined, our ideas about models and their uses have also evolved. The idea of
using a model to test our knowledge of and extend the parameters of what we know about the world is basic to the
scientific method. As noted in a recent article in FASEB Journal,

Models are an indispensable manipulation of the scientific method; as deductively manipulatable constructs,
they are essential to the evolution of theory from observation….the term model is used synonymously with
analog to mean that which is similar in function but differs in structure and origin from that which is
modeled….Thus, an analog both simplifies and puts into familiar terms a complicated phenomenon and
hence enables one to think much more clearly about the subject; things are more ‘intuitively’ obvious.”
(Principles and philosophy of modeling in biomedical research, Massoud, et. al., FASEB Journal, 1998, p.
275-6)

This similarity in function is critical because a model is at best a copy, an imitation or representation in some fashion of
what we are examining. Utilizing a model for studying phenomena is based on two fundamental tenets of the scientific
method. First is the central method of the experimental approach, that of manipulating only one variable at a time in
order to establish a causal connection between two events.

Second is the idea that we can understand the whole by examining the pieces and then putting them back together, the
reductionist approach. This supports one of the central ideas of using a model: that although the copy may be imperfect,
as long as the specific part of the whole we are examining is analogous, this will work. If we are using a biological
model, a living organism of some sort, we are furthermore basing our work on the assumption of physiological similarities
between species and the idea of a unifying biochemistry as well. Thus, in using models from different species to answer
questions about both our own and other species, we are assuming a high level of evolutionary conservatism .

When speaking about the choice of biological models to answer specific questions Avril D. Woodhead relates the story
of the discovery of the citric acid cycle and notes,

The crucial experiments of Krebs demonstrated the catalytic effect of C4-dicarboxylic and C6-dicarboxylic
acids on oxygen uptake by minced pigeon breast muscle. This preparation was chosen after Szent-Gyorgi
showed its activity in the metabolism of C4-dicarboxylic acids; moreover, pigeons were plentiful in
Sheffield. Kreb’s results and interpretation were questioned by Breusch because he could not find the
catalytic effect of citric acid on the oxygen uptake of minced cat muscle. Subsequently, Kreb’s results were
verified, and the existence of the cycle was firmly established. In retrospect, the difference between both
muscle preparations is based on the fact that pigeon breast muscle is particularly rich in mitochondria, as
opposed to the white cat muscle. (Arnost Kleinzeller, “Introduction: The Choice of Non-mammalian Animal
Models for Biomedical Research” in Non-mammalian Animal Models for Biomedical Research, Avril D.
Woodhead and Katherine Vivirito, Editors, Boca Raton, CRC Press, 1989, p. 3)

This is an example of two basic issues in using models, the conservation of biochemistry among species and
physiological differences between species: this tension between what can be extrapolated and what cannot is one of the
challenges of working with models. Even if one leaves out the moral calculus, to spend time and resources on a model
that cannot answer the question(s) at hand, is unethical because it is a waste of someone’s time and materials.

Animal models as subset of the idea of models in general

Animal models are actually a subset of the larger idea of the model: there are in vitro models, cell lines, as well as
mathematical and computer models. 

Biomedical models can be of many types-from animal models of human disease to in vitro, or animal or
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modeling systems for studying any aspect of human biology or disease. (Biomedical Model Definition in
Biomedical Models and Resources: Current Needs and Future Opportunities, National Academies Press,
1988, p. 10)

Types of in vitro models include cell cultures (e.g. testing mitochondrial function or cell lysis,) micro-organism studies
(e.g. the AMES test which uses strains of Salmonella typhimurium and rat liver microsomes) and isolated tissue assays
(e.g.TESTSKIN, where human keratinocytes are put into a collagen base.)

The reason for in vitro methods is not just an ethical or humane based concern; often these non whole animal methods
have their own distinct advantages such as the ability to reduce variability, allow for greater control of environment,
provide for large numbers of testing strata with less expense, require less chemical materials and thus also produce less
toxic waste, and can be quicker and cheaper than in vivo methods. It can also be simpler to isolate the variables with in
vitro methods. Yet, if we are to address the challenge of extrapolating to a complex system, the model needs to present
enough complexity to be useful. There needs to be some sort of balance between the ability to isolate the phenomenon,
to single out variables (the reductionist aspect) and the fidelity to the complexity of the target system. In the article
previously cited Massoud et. al. note some attributes of an ideal model, tying such a model integrally into issues of
statistical design and hypothesis formulation:

Each biomedical investigation should begin with a clearly defined hypothesis. A model is devised to
implement this hypothesis and allow investigation (11). All scientific modeling proceeds from the `principle of
contradiction': `A and non-A' is an invalid statement (4). Beyond this point, the logical force of a model is
exactly the same as that of a scientific hypothesis generally (4): to be logically forceful it must be capable
of undergoing tests that may falsify it (the well-known criterion of Karl Popper; ref 13). Furthermore, the
model should be: 1) heuristic in nature (a good `fit' both to the hypothesis and the available data), i.e., be
appropriate to the primary features of the real world, 2) permit application of the available/desired
techniques for its manipulation (vide infra), and 3) accessible to evaluation by a specified set of criteria
measures (vide infra) (11). Proving a hypothesis to be untrue is not a complete defeat so long as the
investigation was carried out in a scientific manner. These negative findings serve to prevent future fruitless
searches in that same specific direction. Review of the work may also offer new hypotheses and even
indicate new models that could prove to be successful in the future. (11) (Principles and philosophy of
modeling in biomedical research, Massoud, op.cit. p. 277)

If we think of the ideal model as an instrument or tool that can both explicate and make causal connections between
observed events, it is clear that there is no general, universal ideal model: what is ideal will be very specific both to the
question(s) being asked and the practical situation of the researcher. For example, in genetic research, Dictyostelium
discoideum, a soil living amoeba with six chromosomes may fulfill experimental needs since, “The estimated number of
genes in the genome is 8,000 to 10,000 and many of the known genes show a high degree of sequence similarity to
genes in vertebrate species.”(Dictyostelium discoideum, Model Organisms for Biomedical Research, NIH) In this case
there may be a high level of discrimination for these particular genes and differing levels of fidelity to different target
organisms, depending on the complexity of the target organism.

Key members of the research team

Using an animal as a model will necessarily involve a team approach.

It is useful to think in terms of a team approach in the choosing of an animal model and the planning of the
experiment in general. The principle investigator is certainly the key responsible individual, as the scientific
expert and also the supervisor of the laboratory and the research staff and students. Other key members
of the team include the animal care staff, who are experienced in meeting the logistical needs of an
animal-based study and can advise on potential limitations in available support. The laboratory animal
veterinarian is trained in health and welfare issues associated with the use of research animals, but is also
knowledgeable about animal models and comparative biology. Finally, a statistician may be an invaluable
part of the team. (Rick Fish, Unit Five - Animal Models and Biomethodology)

The laboratory animal veterinarian, having an expert knowledge of different species, is the first person to go to with
questions about appropriate choice of an animal model; he or she will also have an array of experience about minimizing
pain and distress for all species and information about how best to undertake different procedures to minimize
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discomfort. For research animals, housing and environmental concerns are often as important as procedural questions
and the veterinarian will have advice in this area as well. Perhaps some projects will need the advice of a specialist in
comparative medicine as well. The laboratory animal veterinarian is also a required member of the IACUC.

The other key team member is the statistician. The statistician is an expert in determining early on what is necessary for
the work to have sufficient statistical power to ensure rigorous results. This will be invaluable when publication time
arrives, thus avoiding the criticism that many published articles do not show proper statistical analysis. To use statistics
improperly is unethical, even if not intentional, since it will mislead others and ultimately, waste the experimental
resources.

Starting with a clear specification of the objective of the experiment, the scientist should consider the
ethical implication of the study, the validity of the model, sources of variation, and how some of these
variables can be controlled using formal, appropriately randomized, experimental designs. It is important to
choose carefully the independent variable(s) or treatments, the dependent variables (characters or
outcomes), and the appropriate numbers of animals. The proposed method of statistical analysis should be
determined at the design stage. However, the data should be studied for possible anomalies and may
require transformation to a different scale before statistical analysis using parametric or nonparametric
methods. Finally, the results should be presented to clarify exactly what was done and what was the
outcome, "warts" and all.

The design, analysis, and interpretation of biomedical experiments are best performed with the aid of a
good statistical textbook, dedicated statistical software, and advice from a statistician. Anyone reading and
understanding the papers presented here cannot fail to do better, more humane animal experiments in the
future. (Michael F.W. Festing, “Introduction: The Design and Statistical Analysis of Animal Experiments,”
Issue on Experimental Design and Statistics in Biomedical Research, ILAR Journal, Volume 43, Number 4,
2002, p. 192)

The statistician will have expertise is such matters as the correct number of animals and how to make decisions about
organizing the experimental unit in order to achieve the greatest degree of statistical rigor. For example, a cage of mice
can be one unit or the individual mouse can be a unit. Further, if the skin of the mouse is shaved and several agents
applied to the skin patch, then the skin patch is the unit. One can combine a number of units into a larger experimental
group, or break down the units into subsets or mini-trials. Each approach is statistically different, an example of
statistical refinement. Both the veterinarian and the statistician will have information about minimizing experimental
variability among animals.

Classic discussions of statistical methods for analyzing results from experiments using animal subjects often do not
include any mention of animal welfare or ethical concerns. The intent of the 3R’s however, is to bring these concerns into
the experimental paradigm; if we consider animals as vulnerable populations, individuals at risk when used as
experimental tools, than the principles of Replacement, Reduction, and Refinement become ethical imperatives. Shamoo
and Resnik add two more R’s to this list, Relevance (emphasizing that research protocols need to specifically balance
the harms and risks to animals with the benefit accruing to both animals and people) and Redundancy avoidance (doing
a thorough literature search at the planning stage.) Others have noted a sixth R, that of Responsibility; consultation with
a laboratory animal veterinarian is part of Responsible research using animals. And, as noted above, in considering a
seventh R, Regulations, legally, a veterinarian must be consulted in the planning of any experiments with the potential to
cause pain and/or distress.

The argument over fidelity and extrapolation

Fidelity is how close a model is to the organism or condition we are studying in our target species. For instance,
chimpanzees have a high fidelity to humans. Unlike other species they can be infected with the HIV virus, but they don’t
develop signs of the infection. In this case, cats, which exhibit a lower fidelity to humans than chimpanzees, are a better
model for HIV in humans. Feline Immunodeficiency Virus disease, (FIV) caused by a virus from the same family as HIV,
causes an illness in cats that is similar in symptoms and progression to HIV in humans. Thus, cats may exhibit a low
fidelity to humans in overall anatomy but show a high degree of extrapolation as models for AIDS.

On the other hand, in a study of estrogen receptors, yeast is a good model as this particular hormonal system exhibits a
high degree of evolutionary conservation. Obviously, though, this is an example of low fidelity to our species. The fact
that studies on estrogen receptors in yeast can be extrapolated to human beings shows a high level of discrimination for
that particular hormonal system. Issues of extrapolation are central to the choice of a model. The idea of discrimination
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emphasizes again the reductionist approach of the scientific method. It is clear that there are not too many features in
common between yeast and humans, and yet, according to the reductionist model, as long as the piece being examined
shows high discrimination, then it can be studied “as if” the piece belonged to the target organism.

One of the goals of identifying complete genomic databases for different species is to improve extrapolation. Many
vertebrate species show a high degree of genetic conservation. If a particular set of symptoms is similar in two different
species that also share genetic loci for that particular symptom pattern, then the scientific approach of examining
variables as part of the whole makes sense. An example of this is using the mouse for cardiac studies:

The capacity to selectively mutate genes or create excessive or deleted gene expression has given
researchers the possibility to evaluate the significance of certain gene product for structure-function studies
of cardiac proteins and their role in heart disease. To date, several hundred mutant mouse strains and also
a few mutant rat strains have been generated (http://tbase.jax.org). The number of genetically engineered
mouse lines for cardiovascular research has been growing rapidly. Mouse is currently the model organism
studied most using transgenic approach, since mice breed rapidly, the maintenance costs are lower, and
the general knowledge of mouse genetics is at a high level. Germ line transmission has first been achieved
in mouse embryonic stem cells. In larger mammals, such as rat, microinjection is the most widely used
method (Mullins & Mullins 1996). (Genetically engineered animal models in cardiovascular research,
Literature review, Oulu University Library, 2002)

Yet this approach has critics, both within the scientific community and without. In a recent Journal of NIH Research,
Jessica Bolker and Rudolf Raff commented,

Model species are often discussed as though they represent a linear continuum of complexity and, by
implication, a linear evolutionary order. The real phylogenetic tree is busy and has multiple crowns
separated by varying evolutionary times…Recent experiments have led to the hopeful suggestion that new
techniques for studying tissue induction in zebrafish may enable us to dispense with most of our current
small group of models and instead focus all our attention on a single species, zebrafish, from which we
could learn everything about vertebrate development.   We believe the opposite is true: we need to
broaden our focus and study a larger variety of organisms. In order to assess the assumptions that
support the model-systems paradigm, we have to go beyond it and consider comparative data from a
wider range of species—in particular, species not selected according to the common set of criteria that
characterizes the current models. Continuing to reduce the number of species we study makes the
supposed universality of our observations an increasingly tenuous hypothesis. (Jessica A. Bolker and
Rudolf A. Raff, “Beyond Worms, Flies, and Mice: It’s Time to Widen The Scope of Developmental Biology,”
in The Journal of NIH Research, June 1997, volume 9, p. 36-7)

In terms of relevance to ethics, this is an interesting comment since it relates to the Russell and Burch’s concept of the
3Rs as a viable approach when using animal models. If one of the ideas behind Replacement is to “step down” to a
species lower on the evolutionary scale (e.g. substituting a rat for a pig) for ethical reasons and yet maintain the ability to
extrapolate, then Bolker and Raff’s concerns are important. If the research that is done on a rat cannot be completely
extrapolated, then the use of the rat might be ethically problematic in terms of how sufficient the data might be; on the
other hand, some of the data might be useful in terms of basic research. It is true that “no significant results” for a
particular study will still both add to the general store of information and prevent another researcher from going down
that path. As an example, pigs fed a high fat diet develop an atherosclerotic disease process showing symptoms similar
to those in humans; rats do not. And yet there may still be reasons to explore diet related physiological changes in rats;
even if just for the rats’ benefit. This complex issue of the relationship(s) between basic and applied research is beyond
the scope of this website.

Bolker and Raff voice another sort of concern, one that others have raised as well, and that is the difficulty of
extrapolating a complex system from a simpler one. Going back to the example of estrogen receptors in yeast, although
the receptors themselves may display a high degree of discrimination, what of the exceedingly more complex system
involving estrogen receptors in mammals? If the reductionism inherent in studying a process in a simpler organism cannot
tell us what we need to know, this is an ethical problem because valuable resources have been wasted. As noted above,
given the need for basic research, the challenge of extrapolating from a simple system to a more complex one is still an
ongoing challenge for researchers. 

Hugh La Follette and Niall Shanks, both in the Philosophy Department at East Tennessee State University, argue against
the use of animal models, saying that extrapolation from animal to human is questionable because of evolutionary
changes between species, part of the adaptation of complex species to different environments. They emphasize the
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need for greater reliance on human subjects research, both clinical and epidemiological, saying that fidelity is basic to
valid extrapolation.

Thus, Claude Bernard's pioneering work in physiology -- and especially his methodological prescriptions --
strongly influenced the institution of a paradigm governing biomedical research using animals. This
paradigm, uncontaminated by the appearance of evolutionary theory, has guided the practice of biomedical
research for most of the twentieth century. The costs of researchers continued acceptance of the
Bernardian paradigm are substantial. Physiology's continued insensitivity to evolution has led it further and
further away from the other biological sciences. And it has likely hindered medical advance by insisting on a
single-minded methodology which assumes all significant advances come from laboratory experiments on
non-human animals, and which downplays the significance of clinical and epidemiological studies. (Hugh La
Follette and Niall Shanks, Animal Experimentation: the Legacy of Claude Bernard,  International Studies in
the Philosophy of Science, 1994, p. 12)

The argument over the proper relationship of clinical and epidemiological studies to experimental studies is an historic
one in the history of science. Bernard’s original exhortation to researchers to focus on provable causal events in the
laboratory was an effort to establish specific natural laws for physiological processes as a prior step to studying
treatment. We can see several strands of methodological disagreement here. There is the issue of the reductionist
approach to studying basic science before turning to applications; this also involves the search for an appropriate model
to study the phenomenon. And then there is the question of the validity of the overall reductionist approach as opposed
to a more holistic one which also brings up the dilemma of appropriate model. There is currently a continuing debate on
the complex question of extrapolating from the animal model to the human one.

If one decides that the highest fidelity organism for humans is other humans there are another set of obvious critical
ethical concerns about issues of informed consent, fair balancing of risks and benefits and the rights of vulnerable
populations. The Belmont Report is one of several classic documents (The Nuremberg Code and The Helsinki
Declaration are two others) that attempt to set specific guidelines about the ethical constraints in using human beings as
research subjects. The current scientific model for the process of biomedical research includes both animal and human
subjects. Interestingly enough, the legal battle over constraints using human subjects has a more recent history.

Those who question the use of animals in research say that issues of fidelity and extrapolation are not the point. They
say that such issues are not moral questions. The animal rights approach says that the issue is not whether the research
can benefit humans, but rather is it is moral to use animals as instruments for our use in the first place. As Tom Regan
notes,

There is only one serious moral defense of vivisection. That defense proceeds as follows. Human beings
are better off because of vivisection. ...One thing should be immediately obvious. The benefits argument
has absolutely no logical bearing on the debate over animal rights. Clearly, all that the benefits argument
could possibly show is that vivisection on nonhuman animals benefits human beings. What this argument
cannot show is that vivisecting animals for this purpose is morally justified. Whether animals have rights is
not a question that can be answered by saying how much vivisection benefits human beings. (italics in
original, Tom Regan, Empty Cages: Facing the Challenge of Animal Rights , New York: Rowman &
Littlefield Publishers, Inc. 2004, p. 174)

The ideal animal model  

It is the very complexity of live animals that make them desirable as models. So, is the only correct model for human
beings another human being? One of the difficulties with using humans in research is that our complexity may interfere
with getting specific data for scientific questions. Thinking back to the example of research about the relationship
between a high fat diet and atherosclerotic disease, the latter is a highly complex, multi-factorial illness. To make a
specific causal connection between only a high fat diet and atherosclerosis, to get discrete information, a simpler, less
confounding biological model is needed.

No dictionary describes an animal model, much less an animal model of disease, and so we can define it
for our purposes here as a living organism with inherited, naturally acquired, or induced pathological
process that in one or more respects closely resembles the same phenomenon occurring in man. Animal
models, in this sense, never provide final answers but offer only approximations, for no single animal model
can ever duplicate a disease in man. Thus, animal models should not be expected to be ideal, nor to be
universally suited to all foreseeable uses. On the other hand, for a model to be a good one, it must provide
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a new insight, have relevance to a particular problem and respond predictably. (Stanford Wessler, M.D.,
Introduction: What is a Model? In Animal Models of Thrombosis and Hemorrhagic Disease, Bethesda, NIH,
1976, p. xi)

What should an ideal model provide the researcher? (We reproduce this list from NetVet from their section describing
the pig as a model, but it is clear that any species, or for that matter, a cell line or a one celled organism such as the
amoeba described above, could fit this description)

  1.   Accurately mimic the desired function or disease

  2.   Species availability

  3.   Data extrapolatable to man

  4.   Be available to multiple investigators

  5.   Be handled easily by most investigators

  6.   Survive long enough to be functional

  7.   Fit available animal housing facilities

  8.   Be of sufficient size to provide multiple samples

  9.   Be polytococous (multiparous) so that multiple offspring are produced for each gestation

(NetVet, Animal Models for Human Disease: Swine) 

There are a number of discussions of different animal species as “the ideal biomedical model,” but it seems clear that
the goodness of fit of a specific animal model is ideal only in terms of a specific protocol. When working with a whole live
animal two general aspects to consider are statistical challenges (e.g. variation and sample size) and challenges of
welfare.

The challenge of variability or “Factors That May Influence Animal Research”

The reality of any complex biological system (even that of an inbred mouse) is that there will be variation among
individuals; this variation can be either genetic vs. the variation associated with experimental conditions and techniques.

All animal models are subject to biological variation as a result of genetic and nongenetic variation and the
interaction between them. Even genetically identical littermates will vary to some extent as a result of
chance developmental effects, social hierarchy, and unequal exposure to environmental influences. Good
experimental design aims to control this variation so that it does not obscure any treatment effect, with the
statistical analysis being designed to extract all useful information and take into account any remaining
variation. (Festing, The Design and Statistical Analysis of Animal Experiments, ibid.p. 191)

Different variables can be utilized more fully as part of an overall design involving blocking, nesting, and so forth. This
increases the overall benefit of the model chosen, since 1) there is a balance of using the animal to obtain more rather
than less information; 2) the research will have a higher degree of rigor, another ethical “good;” and 3) the
open-endedness of basic research interests can be addressed, along with the specific goals of the project. 

The challenge is to separate out the level of variation inherent to a live animal—a range desired since this mimics the
natural biological system in a natural world, the reason for using a whole animal in the first place—from that variation that
will result in confounded research results. In Chapter 29, “Factors That May Influence Animal Research,” (Laboratory
Animal Medicine, 2nd Edition, Fox, et. al.) authors Neil S. Lipman and Scott E. Perkins note,

…the multitude of complicating factors that have been described in the literature. The reader should
understand that there are likely additional factors yet to be recognized, as well as interactions among
factors that may also influence experimental outcomes…In order to obtain reliable, meaningful results, an
attempt should be made to control or standardize all known biological, environmental, and social factors
when conducting experiments involving animals.(Lipman and Perkins, op.cit. p.1143)
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Lipman and Perkins divide these factors into “intrinsic” and “extrinsic considerations.” Intrinsic considerations include
items such as genetics, age, sex, immune and nutritional status, circadian rhythms and endocrine factors.  Extrinsic
factors include all the physical components of housing (temperature, humidity and air exchanges, noise, light, radiation,
vibration and caging and housing sorts of issues.)  Lipman and Perkins also includein this category items such as diet
and water, as well as any use of pharmaceuticals. Actual biological pathogens such as viruses, bacteria, parasites and
fungi are also considered external chemical factors in their listing, as well as pheromones, noting that this is a sexual-
social chemically based form of normal communication. A recent publication from The National Academies Press
addresses this challenge of variation in terms of mice and rats, particularly genetically engineered rodents:

My definition of "biological integrity" is incomplete, but, for the moment, consider the term to mean "the
stability of intrinsic and extrinsic factors that define the structural and functional characteristics of an
animal." Therefore, the benchmarks for defining a laboratory rodent in the era of genetic engineering must
include at least the establishment, standardization, and monitoring of factors such as genotype, phenotype,
microbial status, and environmental quality. Criteria such as reproductive capacity and other health-related
factors such as susceptibility to infection should also be considered.

These concepts also imply that biological integrity can be perturbed by intrinsic or extrinsic interference,
which may be overt or subtle. This threat is especially relevant considering the diversity of settings in which
genetically engineered rodents are being made. Variability can be caused by genetic drift; the influence of
genetic background on the penetrance of a phenotypic trait; opportunistic infection that may be pathogenic,
disruptive to normal responses, or conducive to erroneous phenotyping; environmental stresses such as
noise, vibration, and threatening odors; and many other factors. Variability also can be abetted by diverse
or ill-defined terminology. For example, and as noted elsewhere in these proceedings (Lindsey, 1999), the
term "specific pathogen free" has lost value because of the lack of precision with which it often is employed
and perceived. Additionally, the increased use of animals inherently increases risks to biological integrity
from dense housing and increasing exchanges of animals and animal products among laboratories,
nationally and internationally. (The National Academies Press, Microbial and Phenotypic Definition of Rats
and Mice: Proceedings of the 1998 US/Japan Conference, 1999, ILAR)

Further, both the veterinarian and the statistician need to be consulted in planning any sort of refinement to a study. To
take just one example, implementing a program of environmental enrichment will necessarily add to the complexity of
extrinsic factors. Mice have strong hierarchical social patterns and adding complexity to their environment may result in
larger variation of responses due to differing sorts of interactions within the cage population. This variation will impact the
statistics of the project. In an example of “research on research,” a recent report notes,

Environmental enrichment in the standardized cages of laboratory animals has a beneficial effect on animal
welfare. However, it has been argued that enrichment may increase the intra-group variability in
experimental results, and thus increase the number of animals necessary to produce statistically significant
data. The Research Foundation is pleased to present this successful project (Nr. 66-99), which was
designed to provide solid experimental evidence to help settle this controversy. (Environmental enrichment
does not affect the variability of animal experimentation data in the Light/Dark Test, 3R Research
Foundation)

The veterinarian will have specific suggestions for environmental enrichment for different species to reduce this variability
between individuals and the statistician will have the expertise to factor the variability into the overall statistical plan for
the project.

An example of a detail of variation that might escape notice is one of cage placement within an animal room. A sample
case study from The Biomedical Investigator’s Handbook: for Researchers Using Animal Models (Foundation for
Biomedical Research, 1987) describes a situation where previously healthy mice began dying as a metabolism
experiment proceeded. A consulting veterinarian, a rodent specialist, was consulted and reported that:

“A few days of monitoring temperature, humidity, ventilation rate, and ventilation pattern inside the
environmental chamber revealed the problem. Although warm air rises, a peculiarity of the ventilation
system in the chambers resulted in higher air temperatures in the mouse cages occupying the bottom rows
of the shelves….Exchanges of air in the lower cages were not frequent enough to remove the heat
generated by mice. The veterinarian concluded that the mice were dying from heat stress. The air
distribution system within the environmental chamber was modified and the use of the bottom shelves was
limited. The study resumed with no further problems. (from Chapter 2, “Unwanted Variables: Preventing
Complicating Factors,” op. cit. p. 15)
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Another example of variation would be the amount of human interaction: if the animals are getting specific treatments
involving handling this becomes critical. A number of studies have shown that repeated interactions with trained staff can
lower the fear threshold; this is particularly important if the protocol calls for dosing, injections, and other forms of
physical manipulation. As noted in the Journal of Applied Animal Welfare Science,

The promotion of affection towards laboratory animals has scientific and empirical underpinning. It has
been shown in rabbits that frequent, gentle handling lessens the animals' fear response during stressful
situations (Anderson, Denenberg, & Zarrow, 1972; Kertsen, Meijsser, & Metz, 1989). Rabbits who receive
special positive attention from personnel show a markedly increased resistance to the development of
atherosclerosis compared to subjects who receive no extra attention (Nerem, Levensque, & Cornhill,
1980). Regular gentle handling has a protective effect on the experimental induction of stomach ulcers in
rats (Weininger, 1954). (Viktor Reinhardt, “Compassion for Laboratory Animals: Impairment or Refinement
of Research Methodology” Journal of Applied Animal Welfare Science, 2003, (6)2, p. 128.)

There is another discussion of variability, put forth by Kenneth Shapiro. He says that the goal of reducing individual
variation as part of the overal scientific approach is at heart, suspect. The very nature of a living animal is the reality of
individual variety.

Consider a rat that is chronically implanted with an electrode in his or her brain and is connected by a
tether to machinery that sends stimuli and receives and records responses. The rat is more a part of the
instrumentation than a discrete object of study. The animal is merely a conduit for certain energies, fluids,
and electrical impulses....The animal is not viewed or acted toward as a whole creature let alone as an
individual....The chronically implanted animal is not so much put "under the microscope" as made part of
it....The attempt to enhance observation through instrumentation, to record results n strictly quantitative
terms, and to remove the person and bias of the investigator, all in the service of achieving objective and
positive (certain) results, raises the question: What is the relation between model and modeled? When we
selectively breed, genetically engineer, deindividuate, despecify, and deanimalize an animal, do we know
what we have left? (Kenneth J. Shapiro, "A Rodent For Your Thoughts: The Social Construction of Animal
Models," in Animals in Human Histories: The Mirror of Nature and Culture, Mary J. Henninger-Voss, editor,
Rochester: University of Rochester Press, 2002, p. 455)

Shapiro's critique goes deeper than a concern with variation. He, like Regan, is questioning the morality of using an
animal as an instrument.

Searching for animal models

Choosing animals as models is a complex process:

Basic laboratory animal science is concerned with the quality of animals as sentient tools in biomedical
research…. The choice or selection of animal model depends on a number of factors relating to the
hypothesis to be tested but also on more practical aspects associated with the project and with the project
staff and experimental facilities. The usefulness of a laboratory animal model should be judged on how well
it answers the specific questions it is being used to answer, rather than on how well it mimics the human
disease. (Jann Hau, “Animal Model”, Chapter 1, in Handbook of Laboratory Animal Science, 2nd Edition,
Volume II, Jann Hau and Gerald Van Hooser, Editors, Boca Raton, CRC Press, 2003, p. 1 and p. 7-8)

In thinking about animal models of disease, there are two kinds of models: 1) those where the disease or condition
occurs spontaneously in the animal due to genetic programming and 2) an induced model where we have created the
disease or condition either via genetic manipulation or direct injection or surgical manipulation. 

Considerations in Choosing an Animal Model:
• Adequate discrimination (data extrapolatable to target species)
• Adequate fidelity (necessary anatomic structures, biochemical pathways, etc.)
• Good literature base; historical usage (i.e., accepted animal model)
• Readily available to other researchers
• Genetic and microbiological characterization
• Sufficient size for obtaining necessary samples (blood, urine, biopsies, etc.) and substance administration
• Accommodation in existing animal facilities (caging, environmental controls, exercise and environmental
enrichments)
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• Experience/training of animal care staff
• Experience/training of research staff
• Tractable; trainable
• Low cost (purchase; maintenance)
• Good reproductive performance
• Minimal indigenous disease (or ability to control)
• Ethical considerations
• Public relations implications
(Rick Fish, Humane Care and Use of Animals in Research - Unit Five - Models and Biomethodology)

The Institute for Laboratory Animal Resources has a search engine for animal models.

The National Institutes of Health has a website focusing on Model Organisms for Biomedical Research

Balancing harms and benefits: monitoring pain, stress and distress

As Richard Fish notes in The Humane Care and Use of Animals in Research: Unit Three - Pain and Distress:

Many procedures performed in research animals can rightly be assumed to be painful, based on their
ability to cause pain in humans; this is the language in U.S. Government Principle IV. However, there is also
legitimate need to customize pain and distress treatment in individual animals, and this requires tools to
recognize signs of pain and distress.

A frequently-cited paper (Morton DB, Griffiths PHM. 1985. Guidelines on the recognition of pain and
discomfort in experimental animals and an hypothesis for assessment. Vet Rec 116:431-436) proposed a
set of observations for assessing pain and distress; these included change in body weight, external
physical appearance, clinical signs, and changes in behavior. A refinement of this approach has been
described by E. Carstens and Gary P. Moberg in an article (Recognizing Pain and Distress in Laboratory
Animals) in a recent ILAR Journal focused on ” Humane Endpoints for Animals Used in Biomedical
Research and Testing. Carstens and Moberg suggest evaluation of pain in three categories: general
behavior (e.g., activity, appetite), appearance (e.g., self-grooming, posture), and physiology (e.g., body
temperature, respiratory pattern).

The assessment of distress presents additional difficulty. While there are physiological changes
characteristic of distress that could be measured, they often involve obtaining samples (e.g., blood) by
methods that may themselves introduce stress. Like pain, there are behavioral correlates of stress, but
they are not well characterized; importantly, there is even less known about how to distinguish stress,
which is a normal part of life, from distress.

The assessment of pain and distress in animals requires knowledge of both normal behavior and those
behaviors that might indicate pain or distress. Those who are responsible for routine animal care, as well
as research staff who are involved with potentially painful or distressful experimentation, should seek
training to help with this important task. An excellent starting point is Chapter 4 (Recognition and
Assessment of Pain, Stress and Distress) in the Recognition and Alleviation of Pain and Distress in
Laboratory Animals.

One of the areas for Refinement is the establishing of humane end points that protect the welfare of the animals,
preventing undue suffering if at all possible. This is of particular importance in protocols where pain and discomfort
become part of the study, e.g. in some behavioral studies, toxicology, wound healing, pain research, etc. One of the
problems with using a live animal model for invasive protocols is that it brings into stark relief the effort to balance clear
risks with appropriate benefits. Here is where the exhortation to reduce the number of animals used may meet with
another sort of ethical conundrum. Is it better to cause more pain to a few as opposed to less pain to many?

There is philosophical debate about whether it is better to cause more suffering to fewer animals or less
suffering for many to achieve the scientific end. That situation is not common in practice, but the U.K. law
takes the view that the level of individual suffering is what matters and thus harms should always be
minimized. (David B. Morton, “The importance of non-statistical design in refining animal experiments,”  in
Applied Ethics in Animal Research: Philosophy, Regulation and Laboratory Applications, John P. Gluck et.
al, Editors, West Lafayette, Purdue University Press, 2002, p. 174-175)
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Morton notes that score sheets are a means to increase the “rigor” of monitoring pain and distress during a protocol.
The technicians responsible for the daily care thus become an integral part of the study team, reporting early stages of
difficulty so that interventions can be sooner rather than later. This practice actually improves the welfare of the staff as
well, since the people responsible for the animals on a daily basis are now empowered. Items for scoring include
behavioral details (for mice in this case) such as “walking on tiptoe,” “hunching,” “grooming” “not inquisitive and alert” and
“vocalization when palpated,” or “amount of jelly mash eaten.” Morton notes that the score sheet will be unique to the
study and the model species used, another example of seeing the research animals as individuals. Kansas State
University has posted Pain and Distress Observation Worksheets; also see their Post Op Animal Health Score Sheet

The question of "pain, stress and suffering" of animal subjects necessarily brings up again, the overall ethical issues of
the cost and benefits of animal research. As Regan has noted, whether or not the particular use of an animal model
benefits humans is a separate question from the overall morality of using the animal as a tool in the first place. In
discussing the use of animal models in psychology research, Kenneth Shapiro, executive director of the Psychologists for
the Ethical Treatment of Animals, describes the possibility of using both the rights and utilitarian approaches in
attempting to decide on specific protocols.

One philosopher combines utilitarian and rights principles. In response to current political realities, Rollin
suggests a two tier ethic in which first a utilitarian and then a rights principle are applied, in that order. If
the benefits of a proposed study are judged to "clearly outweigh" the costs, the rights principle is then
invoked to prohibit any animal suffering beyond that intrinsic to the experimental procedure. Of course, the
last qualifier is significant as it means that the experimental procedure is preemptive; the rights of the
animals are safeguarded only outside the demands of the experiment. The discussion to this point
suggests that, in practice, this would not be much of a gain for the animals.

However, alternatively, the two principles could be combined giving priority to rights. Elsewhere, I have
suggested that any proposed research that employs an experimental procedure that is "intrinsically
objectionable" be prohibited. One rating scale measuring degree of invasiveness prohibits procedures that
fall into the most severe category. British regulations also embody this notion of prohibiting certain
procedures. This concept supersedes utilitarian considerations by precluding certain procedures, in
principle, independent of any possible resulting benefits. In effect, this concept trumps the rights of an
individual against the possible benefits to the group. Only after this rights-based criterion is met is the
proposed research then judged on utilitarian grounds, along the extensive lines I have described. This
mixed ethic is more true to the spirit of a deontological or rights philosophy in that it makes a certain
principle preemptive. At the same time, it takes advantage of the pragmatic power of utilitarianism, the
weighing of practical results--arguably, its most attractive feature. (Kenneth Joel Shapiro, Animal Models of
Human Psychology: Critique of Science, Ethics and Policy, Seattle: Hogrefe & Huber Publishers, 1998, p.
282

Study Questions

1. In thinking about Kenneth Shapiro's description of a "two tiered" ethical approach, which makes more sense to you,
thinking first of the utilitarian principle and then a rights one, or vice versa? In answering this question, first consider an
oncomouse and then consider an "oncochimp." Do you find this "tiered" approach helpful or not? Why or why not? See
"Patenting Animals: The Harvard Oncomouse" in The Human Use of Animals: Case Studies in Ethical Choice, F. Barbara
Orlans, et. al., (New York: Oxford University Press, 1998) for ideas.

2. It is standard practice to do a literature search before begininng to plan a new experimental protocol with an animal
model. Quite often, the fact that there is a history of using a particular animal as a model, with a collection of published
articles already in existence, gives support to the choice of that animal model. Give some ethical and scientific reasons in
support of following this tradition; then, give some reasons against following this tradition in a new protocol.

Discussion Question

Creating an animal model of chronic disease brings up difficult ethical questions: Genetically modified animal models may
be a special case for ethical concern, particularly in issues of husbandry, monitoring and humane endpoints.. "Oncomice"
are mice that are genetically engineered to develop cancerous disease at an early age. Recalling our earlier discussion
about the team approach in planning and care of animal models, what major concerns and areas of emphasis would
personnel such as the principle investigator, the statistician, the laboratory animal veterinarian, and the animal care staff
all have to offer in developing a monitoring plan? In thinking over your answer, refer to The National Academies Press
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book Animal Biotechnology: Science Based Concerns (2002) that has two chapters that discuss these situations: Animal
Health and Welfare and Animals Engineered for Human Health Purposes. You might also want to consult Recognition and
Alleviation of Pain and Distress in Laboratory Animals or the score sheet links noted in the "Balancing harms and
benefits" section of this tutorial.

Additional resources

Richard Fish, Humane Care and Use of Animals in Research: Unit Five - Animal Models and Biomethodology

Institute for Laboratory Animal Research (ILAR) Journal Online has many articles available concerning models

Basic texts on animal models:

Jann Hau and Gerald Van Hooser, Editors Handbook of Laboratory Animal Science, 2nd Edition, (Boca Raton, CRC
Press, 2003 )  See especially: Jann Hau, “Animal Models, Chapter 1, Volume I;  Michael F.W. Festing and Benjamin J.
Weigler, Experimental Design and Statistical Analysis,” Chapter 14 and David B. Morton and Jann Hau, “Welfare
Assessment and Humane Endpoints,” Chapter 18, Volume II.

The National Academies Press, Biomedical Models and Resources: Current Needs and Future Opportunities, ILAR,
1998

Fred W. Quimby, “Animal Models in Biomedical Research,” Chapter 30 in Laboratory Animal Medicine, 2nd Edition (NY:
Elsevier Science, 2002)

W.M.S. Russell and R.W.Burch, The Principles of Humane Experimental Technique

Websites:

American Heart Association: Circulation Research: Animal Models of Human Disease

American Federation for Aging Research: Animal Models Information Center: and  “What animal models of aging are
used in research?”

National Cancer Institute: Animal Models Initiative

National Institute of Health: Mammalian Gene Collection

Institute of Human Virology: Animal Models

Zetetica: Why Genomics May Be a Bad Model For Biological Research
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  “Normal Exposure” and Inoculation 

Syphilis: A PHS “Tuskegee” Doctor in 

Guatemala, 1946–1948 

               Policy is oft en made based on historical understandings of particular events, 

and the story of the “Tuskegee” study has, arguably more than any other med-

ical research experiment, shaped policy surrounding human subjects.  1   Th e 

forty-year study of “untreated syphilis in the male Negro” sparked outrage in 

1972 aft er it became widely known, and it inspired the political push for re-

quirements for informed consent, the protection of vulnerable subjects, and 

oversight by institutional review boards.  2   

 I am grateful to Marianne Kasica at the University of Pittsburgh Archives for her assis-

tance in doing what archivists are supposed to do: make the papers in their archives 

available to legitimate researchers. Th ank you to Zachary Schrag for his editing, encour-

agement, and questions, as well as those of my colleagues who heard this paper when 

I fi rst presented it at the annual meeting of the American Association for the History 

of Medicine in May 2010. I also appreciate the comments of former CDC director 

Dr. David Sencer, who did not know the details of this study, which did not take place 

on his watch. Without his concern, connections, and respect for the importance of 

history, knowledge of this study might never have garnered such an extraordinary 

response. Dr. John Douglas of the CDC did an amazing report on short notice that 

confi rmed my work and provided the clear statistics on the subjects. I am grateful to the 

U.S. government offi  cials who saw the wrongs here and stepped forward to acknowledge 

them. I appreciate all those who took the time to think about this, to communicate their 

concern publicly and privately, and to be part of the continued struggle for the balance 

of human rights and medical progress. 
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 When the story of this study circulates, however, it oft en becomes myth-

ical. In truth, the United States Public Health Service (PHS) doctors who ran 

the study observed the course of the already acquired and untreated late 

latent disease in hundreds of African American men in Macon County, 

Alabama. Th ey provided a little treatment in the fi rst few months in 1932 and 

then neither extensive heavy-metals treatment nor penicillin aft er it proved a 

cure for many with the late latent stage of the disease.  3   Yet much folklore as-

serts that the doctors went beyond this neglect, and that they  secretly infected  

the men by injecting them with the bacteria that cause syphilis. Th is virally 

spread belief about the PHS’s intentional infecting appears almost daily in 

books, articles, talks, letters, Web sites, tweets, news broadcasts, political rhe-

toric, and above all in whispers and conversations. It is reinforced when pho-

tographs of the study’s blood draws circulate, especially when they are 

cropped to show prominently a black arm and a white hand on a syringe that 

could, to an unknowing eye, be seen as an injection. 

 Historians of the study have spent decades now trying to correct the mis-

understandings in the public and the academy, and to make the facts as know-

able as possible.  4   Th e story is horrifi c enough, it is argued, without perpetuating 

misunderstanding over what really did happen and how many knew about it.  5   

What if, however, the PHS did conduct a somewhat secret study whose sub-

jects were infected with syphilis by one of the PHS doctors who also worked 

in “Tuskegee?” How should this be acknowledged and aff ect how we discuss 

historical understandings that drive the need for human subject protection?   

 rumors and realities 

 Scholars who wish to debunk the myth of deliberate infection in the study in 

Tuskegee can acknowledge that myths do express some basic realities. As the 

oral historian Alessandro Portelli argues, “Th e wrong tales allow us to recog-

nize the interests of the tellers and the dreams and desires beneath them.”  6   “A 

rumor,” other folklorists suggest, “is a ‘form of communication through 

which men [and women] caught together in an ambiguous situation attempt 

to construct a meaningful interpretation of it by pooling their intellectual 

resources.’”  7   In a highly racialized and racist country, the idea that govern-

ment scientists—drunk on their power over trusting sharecroppers in need of 

care—would deliberately and secretly infect black men with a debilitating 

and sometimes deadly disease seems possible. 

 Yet those scholars may also argue that people who believe in such delib-

erate infection are confusing the study with other American 1960s and 1970s 
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horror tales about overzealous medical researchers who injected cancer cells 

into elderly Jewish patients and provided live hepatitis cells through feeding 

or injections to young children with mental retardation. Th e confl ating also 

comes when the study is referred to as “America’s Nuremberg” (to equate its 

eff ect on ethics) and to link it to the horrors of the monstrous Nazi medical 

experiments. In addition, to think the men were infected taps deep into our 

cultural collective consciences’ fears of experimentation. It avoids consid-

ering the study’s unwitting participants’ sexual activities, or those of their 

parents, since syphilis is primarily, of course, a sexually transmitted disease.  8   

To assume the men in the study were infected, rather than watched for 

decades, appears to make the racism worse, although it is the very ordinari-

ness of the withholding of treatment that ought to frighten us more.  9   

 Historians and other scholars have also argued that there were debates 

over whether the heavy-metals treatments were appropriate for those in the 

late latent stage of the disease and that public health’s mission was to stop 

contagion, not focus on chronic illness. Others have claimed, too, that the 

concern with the dangers of penicillin limited some of its usefulness, espe-

cially for patients who were at least two decades out from initial syphilitic 

infection.  10   

 Historians may also emphasize medical understandings of syphilis’s 

stages and transmission. Th ese explanations require discussing the multiple 

stages of the disease and when and how decisions about treating those in la-

tency were made. More important, even if the government doctors had 

wanted to give the men syphilis, it is very diffi  cult to pass on syphilis outside 

sexual contact, breast-feeding, or congenitally from a still-infectious mother 

to her newborn. To explain this is also to confront pre-twentieth-century un-

derstandings of the disease as hereditary, not just congenital, since syphilis 

cannot be passed down in genes or somehow through a bloodline. It demands 

explaining that the doctors could not just inject the spirochetal bacteria that 

cause syphilis easily from the blood of one person to another, and that cen-

turies of research eff orts had demonstrated the diffi  culties of fi nding ways 

experimentally to re-create the disease in the healthy.  11   Th e spirochete-shaped 

bacteria that cause syphilis cannot be cultured and grown  in vitro  (unlike  N. 

gonorrhoea , which can be). 

 In sum, it takes time and a commitment to learning the medical science, 

understanding standard public health practices, and considering cultural 

beliefs in both the public and health-care communities to explain why the 

men in Alabama were not, and could not easily have been, infected by the 

PHS, and yet why this is believed. Telling a quick black-and-white story 
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makes for a better rhetorical media or political sound bite, or a brief historical 

introduction in a glossed-over bioethics lesson. 

 Ironically, though, the mythic version of the “Tuskegee” study may off er 

a better picture of some of the mid-century PHS ethics than the seemingly 

more informed accounts. For Public Health Service researchers did, in fact, 

deliberately infect poor and vulnerable men  and  women with syphilis in 

order to study the disease. Th e mistake of the myth is to set that story in 

Alabama, when it took place further south, in Guatemala. 

 Th e Guatemala story emerges from the records of work done by the 

PHS’s Dr. John C. Cutler between 1946 and 1948, now in the University of 

Pittsburgh archives.  12   An internationally known public health researcher-

administrator and expert on sexually transmitted diseases and reproductive 

health, Cutler had been an assistant surgeon general in the PHS and the 

deputy director of the Pan American Sanitary Bureau (a precursor to the Pan 

American Health Organization).  13   He worked in Guatemala, India, and Haiti 

and ended his career as, his obituary in 2003 read, “a much beloved professor 

both at the graduate school of Public Health and the Graduate School of 

Public and International Aff airs” at Pitt.  14   

 Cutler was dedicated to researching and conquering sexually transmitted 

(then known as venereal) diseases and providing usable and eff ective contra-

ception to women. He published more than fi ft y articles on varying venereal 

diseases, the prophylaxis of disease with chemical contraceptives, and the les-

sons for ending the AIDS epidemic.  15   Th ose who know about the “Tuskegee” 

study will recognize his name as a researcher in that experiment during the 

1960s and one of its staunchest defenders on PBS’s 1993  NOVA  fi lm about it 

entitled “Th e Deadly Deception,” produced more than twenty years aft er the 

study closed.  16   

 Almost two decades  before  his involvement with the study in Alabama, 

the PHS put Cutler in charge of a two-year research project in Guatemala. 

Th is experiment in the global South, rather than the American South, dif-

fered from the study in Alabama in two majors ways: government doctors  did 

infect  people with syphilis (and gonorrhea and chancroid) and then  did treat  

them with penicillin. In this research program of a series of carefully delin-

eated experiments, PHS doctors exposed their subjects through the use of 

infectious prostitutes or directly through inoculums made from tissue from 

human and animal syphilitic gummas and chancres, or pus of gonorrhea or 

chancroid fi led sores. Aft er learning what they could from each exposure that 

caused actual infection (and not all did), they used penicillin, expecting, if 

not always, curing the infections.  17   
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 Exploring why these experiments in Guatemala were so diff erent from 

those in Alabama provides insight into the ethical concerns of the PHS re-

searchers, the powerful pull of the need for scientifi c knowledge, and the dif-

fi culty of analyzing the interrelationship and movement of research between 

what has been called the “imperial periphery” and “metropolitan 

transformations.”  18     

 penicillin cure or chemical prophylaxis? 

 By the end of World War II, penicillin became somewhat more widely avail-

able and had begun to demonstrate its eff ectiveness as a cure with early and 

secondary syphilis and numerous other diseases.  19   Much of the drug’s doses 

and limitations still remained to be tested. Looking toward the future, 1940s 

syphilologists began to realize, however, as Johns Hopkins’s Joseph Earle 

Moore would lament a decade later, “Th e biologically minded clinician 

regrets … that syphilis seems to be vanishing with most of its fascinating and 

more fundamental riddles still unsolved.”  20   

 One of these remaining questions had to do with if, in addition to con-

doms, there was a need for a better chemical prophylaxis against the disease 

that a man could apply directly to his penis right aft er possible exposure, or 

whether just relying upon penicillin as cure from a health professional aft er 

the syphilis was diagnosed would be suffi  cient.  21   Syphilologists were well 

aware of the problems with many of the serologies (blood tests) done to 

determine syphilis, the inability to translate animal research studies (pri-

marily done with rabbits and sometimes with chimpanzees) to humans, the 

complicated chronicity of the disease, and the wiliness of the syphilitic spiro-

chete that had fascinated them for decades. 

 In 1944, the PHS had done experiments on prophylaxis in gonorrhea at 

the Terre Haute Federal Penitentiary in the United States. In this prison, the 

“volunteers” were deliberately injected with gonorrhea, but the PHS had 

found it diffi  cult to get the men to exhibit infection and the study was aban-

doned.  22   To continue that work, and to extend it to syphilis, the PHS looked 

south beyond American borders. 

 Th e PHS had a long history of international work going back to its nine-

teenth-century participation in foreign quarantines and sanitary conferences 

with a focus on infectious diseases, and then its 1945 establishment of an Of-

fi ce of International Relations to formalize these eff orts.  23   To coordinate 

disease control in the Americas, the PHS had led the organizing in 1901 of the 

Pan American Sanitary Bureau (the precursor to the Pan American Health 
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Organization), and the U.S. surgeon general, offi  cial head of the PHS, served 

as director of the bureau between 1902 until 1936.  24   Indeed, one historian has 

argued that the Pan American Sanitary Bureau “functioned until the late 

1930s … as a virtual branch of the [PHS].”  25   In turn, many Central American 

and Latin American countries sought assistance from the PHS and the Rock-

efeller Foundation. Th eir funds and surveys assisted in the creation of federal 

control over health in regional and indigenous areas through the develop-

ment of a public health infrastructure. 

 Th e United Fruit Company owned and controlled much of Guatemala, 

the quintessential “banana republic,” in the fi rst half of the twentieth century. 

When the PHS looked to Guatemala for its research in the immediate post–

World War II years, it came into the country during the period known for its 

relative freedoms. Between 1944 and the U.S.-led CIA coup of the elected 

government in 1954, eff orts were made at labor protection laws, land 

reform, and democratic elections. Th e PHS was part of the endeavor to use 

Guatemala for scientifi c research as it presumed to transfer laboratory 

materials, skills, and knowledge to a Guatemalan public health elite.  26   

 Guatemala appeared to be an excellent site for this new study for several 

reasons. Th e PHS training of Dr. Juan Funes, Guatemala’s leading venereal 

disease public health offi  cial, made the forging of close cooperation easier and 

the building of a public health infrastructure important. Unlike Alabama, where 

the PHS expected to fi nd a large number of subjects with the late latent stage of 

the disease already, Guatemala off ered subjects who did not yet have syphilis. 

For in his somewhat haphazard surveys in the 1930s, the Harvard Medical 

School Tropical Medicine professor George Cheever Shattuck found little syph-

ilis in the Guatemalan highlands and reported little in the army as well. Shattuck 

shared the belief of Guatemalan health offi  cials that “syphilis is more frequent in 

Latins [especially in Guatemala City] than in Indians and that, when manifested 

in an Indian, it appears in mild form.”  27   Racialized assumptions about the 

disease, central to the project in Alabama, also followed it to Guatemala. 

 With a grant from the National Institute of Health to the Pan American 

Sanitary Bureau under the direction of the PHS’s Venereal Disease Research 

Laboratory (VDRL), the PHS cooperated with offi  cials at Guatemala’s Minis-

try of Health, the National Army of the Revolution, the National Mental 

Health Hospital, and the Ministry of Justice on what was benignly called “a 

series of experimental studies on syphilis in man.” Th e focus of the experi-

ments was to understand whether various chemicals, other than the ones 

then available, could be used as a prophylaxis against syphilis aft er sexual 

exposure to the disease, to try and see what caused false-positive serologic 
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tests for the disease, and to demonstrate more fully when and how diff ering 

dosages of penicillin actually cured infection in various venereal diseases.  28   

 Th e PHS and the Pan American Sanitary Bureau assigned Cutler, who 

had been working at the VDRL and on the Terre Haute prison gonorrhea 

project, to lead this research in Guatemala with the assistance of the PHS-

trained Funes. 

 Cutler and Funes had two goals. One was to use what was called “syphi-

lization” to test the human response to “fresh infective material to enhance 

body response to disease … [to understand] superinfection and reinfec-

tion.”  29   Th e second goal was to fi nd ways to prevent the disease immediately 

aft er exposure.  30   During World War II, the United States had provided its 

troops with calomel-sulpha-thiazole ointment in “pro kits” (prophylaxis kits). 

Th ese kits were painful to use, however, so the PHS wondered if less noxious 

chemicals or penicillin could be used instead.  31     

 “normal exposure” and normal science 

 Animal experimentation, especially with rabbits, was long a mainstay in 

twentieth-century syphilis research, but it could not answer these pressing 

research questions. Th e PHS researchers wanted to do a study where they 

knew there would be a good deal of what they politely called “normal expo-

sure” to the disease in humans. As subjects, they chose the usual quartet of 

the available and contained: prisoners in a national penitentiary, inmates in 

Guatemala’s only mental hospital, children in the national orphanage, and 

soldiers in a barracks in the capital. 

 Guatemala had legalized prostitution and “allowed prostitutes to pay reg-

ular visits to men in penal institutions, ” they explained in their reports.  32   

With the cooperation of offi  cials at the Ministry of Justice and the warden of 

Guatemala City’s Central Penitentiary, which housed nearly fi ft een hundred 

inmates, prostitutes who tested positive for either syphilis or gonorrhea were 

allowed to off er their services to prison inmates, paid for by U.S. taxpayers 

through the funds of the PHS. In yet another set of experiments, uninfected 

prostitutes had inoculums of the diseases placed on their cervixes before the 

sexual visits began. Serological tests were done on the inmates before the 

prostitutes were invited to the prison and then aft erward to see if infection 

had occurred. Th e men were divided into groups and various chemical and 

biological prophylaxis techniques were tested aft er presumed infection. If 

positive, the subjects were then  supposed  to be provided with enough peni-

cillin to produce a cure. 
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 Rabbits, of course, were much easier to manage and manipulate than 

human beings, as the doctors soon discovered. Not enough of the sexually 

well-serviced men (the researchers actually timed how long they spent with 

the prostitutes and thought they acted “like rabbits”), even when plied with 

alcohol, seemed to be getting syphilis.  33   Th e prostitutes were not easily con-

trolled either, and one researcher lamented, “Unfortunately our female donor 

is leaving her profession for marriage and is no longer available.”  34   Th e next 

problem the researchers ran into regarded the blood tests: too many positives 

even before more “normal exposure” occurred. Since they needed men who 

either had never had the disease or had already been cured of the disease for 

their studies, they discovered their pool was too small for statistical signifi cance 

to be possible. Th eir fi rst answer then became not abandoning the research 

but rather questioning the tests. 

 Th e serology (blood tests) for syphilis had always been a problem, as the 

balance between sensitivity and specifi city created many false positives and 

false negatives. And as the researchers wrote, “Th e impression is widespread 

that in certain tropical and subtropical areas there is a high degree of seropos-

itivity which may not be truly indicative of the prevalence of syphilis.”  35   Th ere 

had long been an understanding that the presence of yaws (another trepo-

nemal disease) and malaria could aff ect positive blood tests for syphilis. In 

Guatemala, while they were getting positive reactions on the tests, they could 

fi nd no clinical signs or spinal-fl uid evidence of the disease in the men’s 

bodies.  36   To deal with this, the researchers had to do repeat and diff ering 

blood tests (drawing 10 cc of blood every week or biweekly) to see if there had 

been a spontaneous cure of the disease or rather the complex pattern on the 

blood tests oft en seen in long-standing syphilis cases. 

 Even though the inmates were in a prison and there was no mention of 

any kind of informed consent, the researchers met resistance. As they 

reported, “Th e inmates were for the most part uneducated and superstitious. 

Most of them believed they were being weakened” by the frequent blood 

withdrawals. Even though penicillin and iron pills were promised, “in their 

minds there was no connection between the loss of a ‘large tube of blood’ and 

possible benefi ts of a small pill.”  37   Th is resistance and the diffi  culty of man-

aging the prisoners suggested perhaps the studies on the serologies could be 

better done elsewhere. 

 With the cooperation of the Guatemalan government, the researchers 

turned to 438 children between the ages of six and sixteen in the national 

orphanage to study the blood tests,  not  to give the children syphilis.  38   Th ree 

children who appeared to have signs of congenital syphilis aft er repeat testing 
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and examination were given penicillin. Yet another eighty-nine gave positive 

results on their tests but showed no clinical signs of the disease. Finding that 

the problem was not with the antigens used in the tests, the research physi-

cians argued for the use of specifi c kinds of blood tests with this kind of popu-

lation to rule out confounding factors they could not identify.  39   

 Th ey still, however, had not answered the question of whether penicillin 

could be used for prophylaxis, not just cure, aft er a defi nitive positive blood 

test, in comparison to other chemicals applied directly to the genitalia. Faced 

with this and continued concerns with the serologies and reinfection aft er 

treatment, they turned to experiments with the inmates in the country’s only 

asylum. Here it was not possible to introduce prostitutes, follow the inmates 

around to watch and time their sexual encounters, or gain acceptance of the 

female patients for physical examinations. So the researchers planned an in-

oculation, rather than “sexual exposure,” study, though most of the asylum 

offi  cials at fi rst thought the inoculation was just another kind of drug.  40   

 As in Tuskegee and throughout the global South in these years, the coop-

eration was sought with the institution, not with the subject-inmates or their 

families. And the best way to gain that cooperation was by off ering supplies. 

In a severely underfunded and overcrowded institution, the PHS supplied 

“much needed anti-convulsant drugs, particularly Dilantin, for the large part 

of the population which were epileptic.” Th ey also “bought a refrigerator for 

biologicals, a motion picture projector that supplied the sole recreation for 

the inmates, metal cups, plates and forks to supplement the completely inad-

equate supply available.”  41   Individual subjects were off ered cigarettes: an 

entire packet for inoculation, blood draws, or spinal taps and a single ciga-

rette for “clinical observation.”  42     

 creating and introducing the inoculum 

 Making the syphilis inoculum was neither easy nor simple. One method was to 

grind up gummas (syphilitic growth) in the testes of rabbits infected with the 

Nichols and Frew strains of the disease. Th is proved extremely diffi  cult as rab-

bits had to be fl own in from the VDRL in Staten Island to Cutler in Guatemala 

City; many died en route or did not develop enough of an infection. In addi-

tion, the researchers tried to make inoculum from scrapings of the chancres on 

the bodies of already infected asylum inmates, or on men from the army who 

had a “street strain,” picked up by local prostitutes not involved in the study 

itself.  43   Once the sample was obtained (either by killing the rabbits or scraping 

the men’s penile chancres), the live inoculum had to be made quickly since the 
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spirochetes could not last more than forty-fi ve to ninety minutes outside a 

body. Th is left  very little time to remove the materials, centrifuge it with fresh 

homemade beef-heart broth, and prepare to deliver them to the subjects. Some 

inoculum was created with heat-killed and others with the living spirochetes. 

 Th en the inoculum had to be introduced into the bodies of the subjects. 

On the women inmates, because of what was called “local prejudices against 

male viewing of the body, even by physicians,” the inoculum was inserted 

aft er needles were used to abrade the women’s forearms, face, or mouth. With 

the men, the inoculation was oft en much more direct, aft er what soldiers for 

generations had called the “short arm” inspection. Th ey chose men with “at 

least moderately long foreskins [to keep the mucus membranes moist]” and 

who could “sit or stand calmly in one spot for several hours.” In the experi-

ments, a doctor held the subject’s penis, pulled back the foreskin, abraded the 

penis slightly just short of drawing blood by scraping the skin with a hypo-

dermic needle, introduced a cotton pledget (or small dressing), and dripped 

drops of the syphilitic emulsion onto the pad and through it to the roughed 

skin on the man’s penis for at least an hour, sometimes two. 

 Th is was compared to other forms of introducing the syphilis to the 

body, including scraping the forearm before providing the inoculum, or in-

gestion of syphilitic tissue mixed with distilled water, the removal of spinal 

fl uid that was then infused with the syphilitic mixture and reintroduced into 

the body, and venipunctures of the mixtures into the median cubital vein of 

the forearm.  44   In other studies of prophylaxis at an army barracks, the men 

were allowed to have sex with uninfected prostitutes, then had the syphilitic 

inoculum put into the meatus of their penis. Th ey were told to urinate an 

hour later and apply diff ering kinds of chemical prophylaxis.  45   In still other 

studies, the inoculum was placed on the cervix of prostitutes before they were 

allowed to have sex with the prisoners. 

 Cutler’s scientifi c fervor was impressive, for his sense of the dangers of 

syphilis was acute. Th e experiments varied the ways the inoculations were 

done, whether the syphilitic mixture came from a single chancre, a combina-

tion of “donors,” or from the rabbits or the bodies of infected prostitutes and 

inmates and soldiers. Th e researchers gave out diff ering kinds of chemical 

prophylaxis to some of their subjects, or set up other men as controls who 

had no prophylaxis. Th ey made sure no one had the disease, or had taken 

anything for it, before they began the experimentation. 

 Anyone infected was given penicillin and  supposed  to be cured. Th e 

studies involved hundreds and hundreds of men and women, many of whom 

had their photographs taken and left  in the fi les. Some of the subjects were in 
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multiple experiments. Th e total number (representing subjects not discrete 

individuals) appears to be: “696 exposed to syphilis … 722 to gonorrhea … 

and 142 to chancroid.” Preliminary analysis suggests that 14 percent of those 

in the syphilis studies many not have received what was defi ned as “adequate 

treatment,” while the percentages cured with the gonorrhea and chancroid 

were “99.5%” and “93%,” respectively.  46     

 deception 

 Deception was central here, as in Tuskegee. Cutler, writing to famed peni-

cillin researcher and PHS physician R. C. Arnold in 1947, admitted that they 

were not really telling very many people that the inoculum contained the 

spirochetes that caused syphilis. “As you can imagine,” Cutler reported to his 

colleague, “we are holding our breaths, and we are explaining to the patients 

and others concerned with but a few key exceptions, that the treatment is a 

new one utilizing serum followed by penicillin. Th is double talk keeps me 

hopping at times.”  47   In a second letter, he repeated his concerns that “a few 

words to the wrong person here, or even at home, might wreck it or parts 

of it.”  48   

 Leading scientists knew that secrecy, and even law breaking, was some-

times necessary to further research. Th omas Rivers, the famed virologist who 

led the Rockefeller Institute for Medical Research Hospital in New York, 

made this clear in his 1967 memoir when he recalled: “Well, all I can say is, it’s 

against the law to do many things, but the law winks when a reputable man 

wants to do a scientifi c experiment. For example, the criminal code of the 

City of New York holds that it is a felony to inject a person with infectious 

material. Well, I tested out live yellow fever vaccine right on my ward in the 

Rockefeller Hospital. It was no secret, and I assure you that the people in the 

New York City Department of Health knew it was being done. … Unless 

the law winks occasionally, you have no progress in medicine.”  49   

 Rather than law breaking, in Guatemala the secrecy added to the diffi  -

culties of an already challenging project. Experiments on prophylaxis needed 

to determine how much inoculum to give, the time it was allowed to enter the 

body, and the kinds of “antiseptic agents” and “spirocheticidal” therapy to 

provide.  50   Keeping track of the hundreds of subjects proved complicated, es-

pecially in the mental hospital, when patient’s names were forgotten, or the 

staff  called them, for example, “Th e mute of St. Marcos.” Eliese Cutler, a 

Wellesley College alumna and Cutler’s wife, helped because she “got to know 

the patients and helped keep things straight” through her photographs. Some 
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of the inmates were given the syphilis emulsions numerous times, and 

another, they lamented, “aft er scarifi cation, and the fi rst application of 

emulsion … fl ed the room and was not found until 2 hours later with the 

pledget still in place.”  51   Once it became clear that some of the inoculum took, 

researchers were supposed to be “scrupulous” in making sure the penicillin 

was provided to those infected, and the blood testing continued.  52   

 Th e Guatemalan offi  cials had their own demands. Th ey asked Cutler to 

test and treat men in army barracks, to do surveys of disease in the lowlands, 

and to provide more penicillin for the country as part of the price for cooper-

ation. He traded off  drugs for malaria at the orphanage for the right to con-

tinue blood testing. His bosses in the PHS worried, however, that Cutler 

might be making too many promises of supplies and embarking on too am-

bitious a program. Th e PHS was already fi ghting a battle at home to continue 

its work in venereal disease in the face of the seemingly easy penicillin cure, 

so the project in Guatemala became diffi  cult to justify.  53   Aft er multiple letters, 

Cutler promised to be careful and reported, “We shall use our supply spar-

ingly so as to have it available at all times for use in demonstration programs 

and to build good will.”  54   

 Cutler remained confi dent that he had a gold mine for the research. 

While he was getting pressure from home to justify the abrading and inocu-

lations, he reminded his supervisors that “normal sex leads to this kind of 

trauma and minute lacerations.” Writing to his director-supervisor (the 

famed PHS researcher John F. Mahoney, who had fi rst demonstrated penicil-

lin’s power over syphilis in 1943), Cutler noted that “with the opportunity of-

fered here to study syphilis from the standpoint of pure science just as 

Chesney studies it in the rabbit [,] it should be possible to justify the projects 

in the event of the impossibility of resolution of the prophylactic program.”  55   

 Back in the United States, leading scientists were also hopeful, at fi rst. 

Inoculation studies earlier in the century had caused much controversy, and 

aft er the 1910s most of it proceeded on animals, not humans.  56   Mahoney told 

Cutler in October 1946 that “your show is already attracting rather wide and 

favorable attention up here. We are frequently asked as to the progress of the 

work. Doctor T. B. Turner at Johns Hopkins wants us to check on the patho-

genicity in man of the rabbit spirochete; Doctor Neurath of Duke would like 

to have us follow patients with his verifi cation procedures; Doctor Parran 

[the surgeon general] and probably Doctor Moore [the leading syphilologist 

at Hopkins] might drop in for a visit aft er the fi rst of the year.”  57   Harry Eagle 

of the National Cancer Institute, who had created one of the serology tests for 

syphilis and did major work on penicillin, wanted in on the studies as well, 
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since his theory that penicillin could be used as a prophylaxis had only been 

tested in animals, not humans. He was so angry that he was not allowed in on 

the data that he complained to the surgeon general.  58   

 Th e studies in Guatemala proved problematic, however, both for scien-

tifi c and political reasons. Mahoney admitted that Cutler’s data were not 

showing that enough infection could be transferred and that “the circum-

stance confi rms the conclusion drawn from the Terre Haute study that a very 

important factor other than the presence of the organism must be operative 

in the transmission of the disease.”  59   By the fall of 1947, interest in prophylaxis 

was waning at home, and Mahoney told Cutler that there would be very little 

money if the study were just for serologies and penicillin therapy. Yet they 

assumed that racial and climatic diff erences would require a broader sweep. 

“A comprehensive study of the reliability of serology as a diagnostic instru-

ment among aboriginal peoples in tropical America would require a diff erent 

approach being used at present,” Mahoney argued. “We would be obliged to 

canvas the South and Central American nations, the Mexican Indians, the 

Indian tribes in the United States, and fi nally, the southern negro.”  60     

 should they do this? 

 Th ere was also what bioethicists would later call the “yuck factor” of all the 

work, and the ethics.  61   PHS physician R. C. Arnold, who supervised Cutler 

from afar, was more troubled than was Cutler about the ethics of the project. 

Eight months aft er the “Doctors’ Trials” at Nuremberg had ended, he con-

fi ded to Cutler, “I am a bit, in fact more than a bit, leery of the experiment 

with the insane people. Th ey can not give consent, do not know what is 

going on, and if some goody organization got wind of the work, they would 

raise a lot of smoke. I think the soldiers would be best or the prisoners for 

they can give consent. Maybe I’m too conservative. … Also, how many knew 

what was going on. I realize that a pt [patient] or a dozen could be infected, 

develop the disease and be cured before anything could be suspected. … In 

the report, I see no reason to say where the work was done and the type of 

volunteer.”  62   

 Everyone involved with these studies seemed to know they were treading 

on complicated ethical grounds. Th ere had been debates within the National 

Research Council in the early 1940s over the ethics of the Terre Haute prison 

study on gonorrhea. Th e PHS knew that such studies had to be methodolog-

ically sound and scientifi cally fruitful, historian Harry Marks has argued, to 

justify the risks to prisoners.  63   Yet the PHS knew there were very few other 
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ways to get at this information and to fi nd a way to stop the spread of syphilis 

through prophylaxis before the disease was established, not just cure it aft er-

ward. While the gonorrhea studies had failed in Terre Haute, they still hoped 

the new trials on gonorrhea and syphilis in Guatemala would prove so suc-

cessful that the risks would have been worth it. 

 Malaria specialist G. Robert Coatney, who had done prison malaria studies, 

visited the project in February 1947. In reporting to Cutler aft er he returned to 

the States, he explained that he had brought Surgeon General Th omas 

Parran up to date and that with a “merry twinkle [that] came into his eye … [he] 

said ‘You know, we couldn’t do such an experiment in this country.’ ”  64   

 Cutler, too, acknowledged that other syphilologists thought human exper-

imentation on penicillin as a prevention for syphilis that required inoculation 

with the disease “could not be ethically carried out.” Concerned that discussion 

of this ethical problem was taking place in the United States just as information 

on their grant in Guatemala was published in the  Journal of the American 

Medical Association,  Cutler told Mahoney, “It is becoming just as clear to us 

as it appears to be to you that it would not be advisable to have too many 

people concerned with this work in order to keep down talk and premature 

writing. … We are just a little bit concerned about the possibility of having 

anything said about our program that would adversely aff ect its continuation.”  65   

 Mahoney continued to worry. Th ere is a good deal of “gossip” in high 

places about what was going on in Guatemala, he warned Cutler. “I hope you 

will not hesitate to stop the experimental work in the event of there being an 

undue amount of interest in that phase of the study.” Mahoney, as with 

Arnold, seemed less concerned with the prostitute transmission studies 

taking place in the prison, but seemed more squeamish about the politics and 

morality of the inoculation studies taking place in the mental hospital.  66   

 Th ere was also the problem that the studies, requiring such eff ort to 

induce infection, could not be duplicated elsewhere. Mahoney told Cutler 

about a year and half into the project, that “in syphilis, unless we can transmit 

the infection readily and without recourse to scarifi cation or direct implanta-

tion, the possibilities of studying the subject are not bright.” Th e procedures 

were, he noted “drastic … [and] beyond the range of natural transmission 

and will not serve as a basis for the study of a locally applied prophylactic 

agent.”  67   Cutler did his best to try the studies in multiple ways, to use diff ering 

strains of the bacteria, to move between animal and human donors, and to 

emphasize the repeatability.  68   

 Even as Cutler continued a number of diff ering studies, his PHS supervi-

sors were acutely aware that this had to stop. Supplies were limited, and the 
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growing use of penicillin diminished political support for this kind of 

research. By 1948, Cutler was told to fi nish up his work, leave the laboratory 

materials for the Guatemalan venereal disease control eff ort, and to come 

home to be assigned elsewhere. Eventually, Cutler and his colleagues would 

write up the serology fi ndings, and a colleague would publish some details in 

a Spanish-language public health journal.  69   Cutler put the fi nal report and 

the hundreds of photographs his wife had taken into his fi les, the only record 

of his decades-long research career left  behind.  70   Th e extraordinary eff orts he 

had made to produce disease and understand various kinds of prophylaxis 

were buried in the fi les.   

 does this matter? 

 Dr. Joseph Earle Moore had been right that the penicillin cure for syphilis left  

many unanswered questions about the disease. Although Cutler’s work helped 

refi ne serological testing, and suggested a better chemical prophylaxis, it made 

little impact on syphilis research. Cutler would go on to do another inocula-

tion study fi ve years later in 1953 with the PHS’s Harold Magnuson at New 

York’s Sing Sing Prison with sixty-two “human volunteers,” using, as he had in 

Guatemala, both heat-killed and virulent organisms made from ground-up 

rabbit testes. Th ese inoculations, however, were done intracutaneously and 

subcutaneously. No one was abrading the penises of these American men, 

even in a prison. Anyone positive was treated, too, with penicillin. Th ese 

prison studies were done to answer some questions about reinfection and 

whether having treated syphilis and then being provided with the “booster” of 

new disease created immunity to further infection. Th e extensively quoted 

and published report on this Sing Sing work covered much of the history of 

inoculation syphilis, but it made no mention of the studies in Guatemala.  71   

 Why, then, does any of this work in Guatemala matter, besides the arcane 

history of Cutler’s links to Terre Haute, Guatemala, Sing Sing, and then 

Tuskegee, and our prurient and horrifi ed sense of what they did without any 

individual permission? Do we need to have yet another awful story of the 

“bad old days” of medical research before the creation of institutional review 

boards, which are presumed to protect human subjects? Does this suggest 

ways that those who are concerned with policy toward subjects should 

rethink what happened in Tuskegee? 

 Th e Guatemala study matters for several reasons. It demonstrates the 

links between the United States and the rest of the world in public health. 



susan m. reverby    |     21 

Th ere was traffi  c in ideas, in practices, in justifi cations, and in the bodies of 

researchers that moved across borders.  72   Ways of treating subjects in one 

place, deceptions allowed in another, moved around and through the crea-

tion of a culture of research. It is not just public health practices, but also 

public health research, that crossed over from country to country. It raises yet 

again the question of whether standards held to in the United States are also 

used when research goes abroad.  73   

 Only by understanding this context can we understand the decisions 

made by the Public Health Service. While it had qualms about what was 

being done in Guatemala, the PHS allowed that work to continue for two 

years. Having made that decision, it might well have regarded the project in 

Alabama—which did not infect anyone—as relatively benign. 

 Th e story of the work in Guatemala also confi rms that fact about nonin-

fecting in the “Tuskegee” study, since it shows the diffi  culty of infecting indi-

viduals with syphilis in a scientifi c project. Th e lengths that Cutler and his 

colleagues had to go to give the disease to the inmates of the asylum, prison, 

and army barracks in Guatemala, and then later in less atrocious ways at Sing 

Sing, provide us with a way to say that this is  not  what happened in Tuskegee. 

Surely, the survivors of the study in Alabama would remember that this hap-

pened to them if there had been such injecting and abrading? In all the records 

(either in the federal archives or those at Tuskegee University) of aspirins, iron 

tonics, and pill jars shipped to Tuskegee, there is no mention of money spent 

for rabbits, for laboratories to create the inoculums, or eff orts to do this. 

 At the same time, the Guatemala story may make it even easier to ima-

gine that the government doctors did infect men in Alabama. PHS researchers 

of the period were technically capable of infecting people with syphilis, even 

if doing so was more burdensome than the researchers wished. And they 

were morally capable of infecting people with syphilis, for their faith in their 

cause allowed them to infect people with this dreadful disease without their 

consent or even knowledge—at least when those people lacked power and 

white skin. Th ese facts so complicate the Tuskegee story that I deliberately 

omitted the Guatemala studies from my book  Examining Tuskegee , lest they 

make it too hard to explain that the men in Alabama were  not  infected. 

 Policymakers oft en pick and choose diff ering historical accountings to 

justify the decisions they make. Historians have the luxury to wallow in con-

text and knowable facts, while others make meaning, law, and regulations 

from our work. Th e “Tuskegee” Study is oft en told in a simple manner and 

frequently misremembered. Th e inoculation studies in Guatemala put the ef-

fort in Tuskegee in context but can also increase fear of medical research. For 
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if the hue and cry has been to “remember Tuskegee” to justify control over 

medical research, we can only imagine what the sounds might be if these ex-

periments in Guatemala are included in the portrait. As much as we can be 

squeamish and angry over what was being done in these studies, they force us 

to consider how we tell these stories and the policy we make now, as so much 

of our research is global and the risks and benefi ts of experimentation always 

in need of recalibration.  74     

 october 2010 addendum 

 Th ere was worldwide outrage in response to this paper once knowledge about 

the study reached the highest levels of the U.S. government and an apology 

was issued to the Guatemalan government and its people on October 1, 2010. 

I gave a copy of this paper pre-publication in late June 2010 to Dr. David 

Sencer, the former director of the Centers for Disease Control and Preven-

tion, whom I had interviewed over the study in Tuskegee, so that I could be 

sure the medical information was correct.  75   Upon reading it, Dr. Sencer asked 

if I would allow others in CDC to know about it before publication. I agreed. 

Others within CDC read it, spoke to me about it, and became quite con-

cerned. Th ey made no eff ort to ask me not to publish it. Th ey dispatched Dr. 

John Douglas, a leading syphilis expert, to Pittsburgh to examine the records 

and to provide a report that confi rmed my fi ndings.  76   My unpublished paper 

and Douglas’s report made it up the chain of command through CDC to the 

National Institutes of Health, the Department of Health and Human Services 

(DHHS), the Department of State, and the White House. 

 On October 1, 2010, Secretary of State Hillary Rodham Clinton and Sec-

retary of DHHS Kathleen Sebelius off ered a formal apology to Guatemala for 

this research, which they called “abhorrent,” “unethical,” and “reprehen-

sible.”  77   President Barack Obama called Guatemalan President Álvaro Colom 

“to express his deep regret.”  78   Th e directors of the National Institutes of Health 

and CDC called the study “regrettable and deeply saddening.”  79   Th e Institute 

of Medicine and the President’s Bioethics Commission are scheduled to pro-

vide reports both on what happened and the current protections in place. Th e 

media frenzy about this has circled the globe with coverage and editorials in 

major newspapers, and more than fi ft een hundred stories have been fi led. Its 

eff ect on the protection of human subjects around the world will have to be 

assessed in the future.   

   Wellesley College    
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On October 1, 2010, President Barack Obama telephoned President 
Álvaro Colom of Guatemala to extend an apology to the people of 

Guatemala for medical research supported by the United States and con-
ducted in Guatemala between 1946 and 1948. Some of the research involved 
deliberate infection of people with sexually transmitted diseases (“STDs”)1 
without their consent. Subjects were exposed to syphilis, gonorrhea, and 
chancroid, and included prisoners, soldiers from several parts of the army, 
patients in a state-run psychiatric hospital, and commercial sex workers. 
Serology experiments that did not involve intentional exposure to infec-
tion, which continued through 1953, also were performed in these groups, 
as well as with children from state-run schools, an orphanage, and several 
rural towns. President Obama expressed “deep regret” for the research and 
affirmed the U.S. government’s “unwavering commitment to ensure that all 
human medical studies conducted today meet exacting” standards for the 
protection of human subjects.2

Kathleen Sebelius, Secretary of the U.S. Department of Health and Human 
Services (DHHS), and Hillary Rodham Clinton, Secretary of the Depart-
ment of State, immediately issued a joint apology to the government of 
Guatemala and the survivors and descendants of those affected. Calling the 
experiments “clearly unethical,” Secretaries Sebelius and Clinton amplified 
the President’s statements of regret and apologized “to all the individuals 
who were affected by such abhorrent research practices.”3 In the spirit of 
openness and freedom of inquiry needed to restore trust and repair the 
damage created by these revelations, the Secretaries indicated that the U.S. 
government would launch an independent inquiry into the events. They also 
announced plans for the Presidential Commission for the Study of Bioethical 
Issues (the “Commission”), with input from international experts, to under-
take a thorough review of human subjects protections to “ensure that all 
[U.S.-sponsored] human medical research conducted around the globe today 
meets rigorous ethical standards.”4

The outrage that the U.S. government registered with these announcements 
echoed around the globe. For some, the story was reminiscent of the infamous 
U.S. Public Health Service (PHS) Study of Untreated Syphilis (also known 
as the “Tuskegee Syphilis Study”), in which nearly 400 African American 
men with syphilis in Alabama were left untreated for nearly 30 years while 
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U.S. government researchers observed the progress of their infections.5 The 
similarities between the two cases were stark. The cases arose from the same 
laboratory of the Public Health Service, the Venereal Disease Research Labo-
ratory (VDRL), involved some of the same researchers, and focused, in part, 
on the same disease. Both cases also involved deliberate efforts to deceive 
experimental subjects and the wider community that might have objected 
to the work. But other factors distinguished the research in Guatemala from 
that conducted in Tuskegee. The research in Guatemala ended long before 
the work in Tuskegee stopped and took place over a much shorter period. 
Subjects in Guatemala were deliberately exposed to infections, were members 
of different populations, and were citizens of a foreign country. 

As additional details about the research emerged, President Obama directed 
the Commission to undertake both a forward-looking assessment of research 
ethics and an historical review of events that occurred in Guatemala between 
1946 and 1948.6 On November 24, 2010, he charged the Commission, begin-
ning in January 2011, to “oversee a thorough fact-finding investigation into 
the specifics” of the Guatemala research.7 The President also charged the 
Commission to undertake “…a thorough review of [current] human subjects 
protection to determine if federal regulations and international standards 
adequately guard the health and well-being of participants in scientific studies 
supported by the federal government.”8 

The Commission began its work in January 2011. It held three public 
meetings addressing the President’s requests. During these meetings, the 
Commission heard from experts in law, history, medicine, and ethics, and 
received testimony from members of the public. With dual responsibilities 
to give a full and fair accounting of events largely hidden from history for 
nearly 65 years and also provide an assessment of the current system, the 
Commission decided to publish two reports. This is the first report, a histor-
ical account and ethical assessment of the Guatemala experiments. It aims 
to uncover and contextualize as much as can be known at this time about 
the experiments that took place nearly 65 years ago. It also aims to inform 
current and continuing efforts to protect the rights and welfare of the subjects 
of U.S.-sponsored or -conducted research. The second report on this topic, to 
be published in late 2011, will address contemporary standards for protecting 
human research subjects around the world. 
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Many unanswered questions drove the Commission’s work at the outset of 
its historical review and throughout the investigation process. Among the 
overarching questions to be examined were:

What occurred in Guatemala between 1946 and 1948 involving a series of 
STD exposure studies funded by the U.S. PHS?

To what extent were U.S. government officials and others in the medical 
research establishment at that time aware of the research protocols and to 
what extent did they actively facilitate or assist in them?

What was the historical context in which these studies were done?

How did the studies comport with or diverge from the relevant medical and 
ethical standards and conventions of the time?9

In seeking to answer these questions, the Commission cast a wide net. It 
began with the original records documenting the Guatemala activities found 
by Wellesley College professor Dr. Susan M. Reverby at the University of 
Pittsburgh in June 2003.10 Dr. John C. Cutler, who directed the studies in 
Guatemala and later served as a faculty member at the University of Pitts-
burgh, donated the records to the university in 1990. Dr. Reverby had 
presented her findings from these records at a May 2010 meeting of the 
American Association for the History of Medicine.11 Thereafter, she contacted 
Dr. David Sencer, former Director of the Centers for Disease Control and 
Prevention (CDC), who notified the CDC of this information. Upon learning 
of these records, the CDC immediately undertook a review of them at the 
university. In September 2010, the university contacted the CDC to request 
the transfer of the material to the federal government, and the documents 
were subsequently transferred to the U.S. National Archives and Records 
Administration.12 The National Archives provided the Commission with 
copies of these records in December 2010.

The Commission also sought information from other government and 
nongovernmental sources. Staff independently reviewed documents in nine 
archives, including the National Archives and the University of Pittsburgh 
Archives, and three libraries, including the library of the Pan American 
Health Organization (PAHO) headquarters. PAHO’s predecessor organi-
zation, the Pan American Sanitary Bureau (PASB), sponsored the research 
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in Guatemala through a National Institute of Health grant funded by the 
PHS Venereal Disease Division and its VDRL, which later became part of 
the CDC.13 The Commission sought documents from several government 
agencies, including the U.S. Departments of Defense and Veterans Affairs. 
Documents were requested from the government of Guatemala as well, 
though none were received.14

In total, the Commission reviewed more than 125,000 pages of original 
records. It collected tens of thousands of pages of relevant archival records 
and examined more than 550 published sources. The Commission focused 
its review on the period between 1935 and 1956, starting 10 years before the 
first known planning for the Guatemala experiments began and continuing 
through the year after Dr. Cutler finalized his last retrospective report on 
the experiments. Collected documents and publications are maintained in 
the Commission’s archives. These records will be provided to the National 
Archives for future researchers. 

With the passage of over six decades, the evidence available to document 
the events is limited. Moreover, much of the available information was 
written retrospectively by Dr. Cutler years after the experiments were actually 
conducted. Some of these retrospective accounts include inaccurate data or 
incomplete descriptions of experiments. The documentary evidence is in some 
cases scattered and incomplete. This Commission report was prepared, and 
should be read, with an awareness of the inherent limitations of fact finding 
based in large part on one person’s recollections, particularly those of one who 
played a primary role in the research.15 

At the outset of the Commission’s investigation, Commission Chair Amy 
Gutmann and Commission Executive Director Valerie Bonham met with 
Vice President Rafael Espada of Guatemala, and they shared their respec-
tive plans to lose no time in undertaking thorough investigations to be made 
public.16 Several Commission staff members later traveled to Guatemala in 
May 2011 to meet with the separate commission charged by the government 
of Guatemala to investigate the experiments and to visit the Central American 
Archives in Guatemala City and relevant historical sites.17 

When the Commission began its inquiry, all agreed that—judging from what 
they had learned to date—the intentional exposure research conducted in 
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Guatemala between 1946 and 1948 was clearly and grievously wrong. The 
Commission’s aim in conducting a more comprehensive historical investiga-
tion was to fully uncover the facts surrounding the experiments and offer a 
fair-minded and unvarnished ethical assessment. 

In sum, the PASB18 and VDRL activities in Guatemala led by Dr. Cutler 
took place from approximately July 1946 to December 1948, with follow-up 
work continuing through 1953.19 PASB built and supplied a venereal disease 
research laboratory in Guatemala City to support the work and negotiated 
agreements that gave the researchers authority to work with officials and insti-
tutions across the Guatemalan government, including public health service 
treatment centers for venereal diseases, government hospitals, medical instal-
lations and officers of the military, institutions caring for orphans and the 
insane, and the penal system. Many aspects of the research were collabora-
tive. Costs were borne by the PASB (for administration, travel, construction, 
and supplies), the U.S. Public Health Service Venereal Disease Division 
(providing and paying directly for staff and supplies as well as funding the 
grant issued from the Research Grants Office of the then U.S. National Insti-
tute of Health), and the government of Guatemala (directly funding staff and 
supplying facilities). 

The studies encompassed research on three STDs—syphilis, gonorrhea, 
and chancroid—and involved the intentional exposure20 to STDs of 1,308 
research subjects from three populations: prisoners, soldiers, and psychiatric 
patients.21 Of the 1,308 subjects exposed to an STD, the researchers docu-
mented some form of treatment for 678 subjects.22 Commercial sex workers,23 
who in most cases were also intentionally infected with STDs, were used 
to transmit disease. In addition, to improve diagnostics, the researchers 
conducted diagnostic testing of 5,128 subjects24 including soldiers, prisoners, 
psychiatric patients, children,25 leprosy patients,26 and Air Force personnel at 
the U.S. base in Guatemala.27 This diagnostic testing, which included blood 
draws as well as lumbar and cisternal punctures,28 continued through 1953.29

Most of the information about the experiments in Guatemala available to the 
Commission comes from the records Dr. Cutler donated to the University of 
Pittsburgh Archives Service Center (the Cutler Documents). The documents 
include several final reports on the STD experiments authored in the 1950s 
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(see Table 1). Institutional leaders of the PHS, the National Research Council 
(NRC), the National Institute of Health, and the Director and Assistant 
Director of the VDRL, as well as leading academic scientists encouraged and 
supported the work. Research staff for the Guatemala experiments included 
leaders and senior medical personnel of the government of Guatemala, for 
example, directors of the national Public Health Service Venereal Disease 
Section, the national psychiatric hospital, the national orphanage, and the Army 
medical department (see Table 2). The records show that these events involved 
many officials and researchers in the United States as well as Guatemala. The 
records reveal the unconscionable ways in which the researchers sometimes used 
people as a mere means to advance what Dr. Cutler sometimes called “pure 
science,”30 hidden from public scrutiny in the United States. 

The history of U.S.-supported experimentation undertaken to advance 
medical knowledge and protect national security is complex with evolving 
ethical standards and norms.31 Nonetheless, the experiments in Guatemala 
starkly reveal that, despite awareness on the part of government officials 
and independent medical experts of then existing basic ethical standards 
to protect against using individuals as a mere means to serve scientific and 
government ends, those standards were violated. The events in Guatemala 
serve as a cautionary tale of how the quest for scientific knowledge without 
regard to relevant ethical standards can blind researchers to the humanity of 
the people they enlist into research. 

Arising in response to cases such as these, today’s requirements for the protec-
tion of human subjects in U.S.-funded research are expressed in the medical 
ethics literature and through government regulations and international cove-
nants and declarations, all of which share certain standards and principles. 
Obtaining informed consent of subjects is a cornerstone ethical requirement. 
So too are requirements for minimization of risks, a reasonable balance of 
risks and benefits, sound scientific justification, protection of privacy and 
confidentiality, and special protections for those who are especially vulner-
able, including minors and those with impaired decision making.32 While 
research is sometimes still done with vulnerable populations, using deliberate 
exposure and infection, and without informed consent, such studies have to 
be carefully justified, reviewed, and approved often with additional protec-
tions added.33    
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None of the principles and requirements ref lected in the standards noted 
above were satisfied in the Guatemala experiments. And several—if not all—
of these principles were known by the researchers in Guatemala at the time. 
Their behavior in a similar case—just two years earlier in the United States—
and contemporaneous correspondence shows understanding of, and disregard 
for, generally accepted moral principles such as respect for human dignity in 
the course of their work in Guatemala. For these reasons, the Commission 
finds that many of the actions of the researchers were morally wrong and the 
individual researchers and institutional officials were morally blameworthy.
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The incidence of fraud, or scientific misconduct, has
been much publicized of late. Whiie not new, the case of
John Darsee has piayed an important part in the iitera-
ture of biomedicai research for a number of years. Darsee
was discovered to have fabricated the data which formed
the bases for many articies and abstracts he published
through 1981. The present study shows that, although a
considerable amount of time has passed and some of
his papers have been retracted, Darsee's work con-
tinues to be cited, and cited positiveiy, in the literature
on cardioiogy through 1990. The implications of this
phenomenon are discussed. © 1992 John Wiley & Sons, Inc.

Introduction

"Fraud" may be defined as the fabrication of data
and findings, plagiarism, the deliberate distortion of
actual data, or other acts which fall under the rubric of
scientific misconduct, as applied by such bodies as the
National Science Foundation and the National Institutes
of Health. The behavior under scrutiny here is of the
first type—fabrication. Fraud in science has been the
focus of a great deal of attention in recent years. In
1987, a 450-item bibliography was compiled under the
auspices of the National Library of Medicine (Van de
Kamp & Cummings, 1987). Five conferences on the
subject were scheduled from February through April
1991 (Hamilton, 1991). It is difficult, even with the pub-
licity and scrutiny fraud has received, to determine the
extensiveness of misconduct in research.

The reports of fraud are frequently prominently fea-
tured; witness the recent case of David Baltimore and
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© 1992 by John Wiley & Sons, Inc.

Thereza Imanishi-Kari (Wheeler, 1991). Part of the
notoriety of this case centers on the fact that Baltimore
is a Nobel laureate; part on Baltimore's insistence that
no misconduct existed. His own integrity was never in
question, but allegations directed at his coauthor led to
retraction of the paper. The problem has been around
and has attracted attention since the mid-1970s. Altman
and Melcher report that, in 1981, "Over a third of the
members of the audience at a session [at a meeting of
the Council of Biology Editors] on the subject raised
their hands in answer to a question of whether they
knew of a recent unpublished example of fraud" (Altman
& Melcher, 1983, p. 2004). Two books have been written
in the last decade with the express intention of alerting
both scientists and nonscientists to incidents of fraud in
scientific research (Broad & Wade, 1982; Kohn, 1986).

The seriousness of the matter has prompted govern-
ment investigation in some instances. Some of the cases
reported by Broad and Wade, and by Kohn, resulted in
hearings in 1981 on fraud by the U.S. House Committee
on Science and Technology (U.S. House of Representa-
tives, 1981). More recently, further extensive attention
has been paid to the problem by the National Institute
of Mental Health (1987). Several writers have attributed
at least some of the problem to pressures to publish and
to attract outside funding and to stiff competition faced
by young researchers in the academic and professional
worlds (Petersdorf, 1986; Weinstein, 1979; Woolf, 1986).
This is not the sole cause of misconduct, by any means.
As with any human endeavor, reasons for behavior are
multifarious, but the pressures evident in the research
environment have been the focus of attention by noted
analysts of scientific misconduct. Goodstein offers an
assessment of the reasons for fraud:

My own judgment is that scientists are most vulnerable
to the temptation to fake data when (1) they are under
career pressure to produce something; (2) they think
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they know what the answer is and feel that going to the
trouble of taking the data is superfluous; and (3) they
think they are somewhat protected because experiments
are not expected to be precisely reproducible. This last
point applies more to the biomedical sciences than to
the physical sciences. (Goodstein, 1991, p. 513)

Whatever the cause or motivation, some fraud and
misconduct is occasionally uncovered or admitted to.
Between 1980 and 1982, the National Institutes of Health
reported 45 cases of apparent misconduct (Chubin, 1985,
p. 178). More recently, the National Institutes of Health
have established the Office of Scientific Integrity. From
March 1989, the date of the Office's founding, through
June 1991, 174 allegations of misconduct were investi-
gated. In 86 cases, no misconduct was found; 56 were
still underway in 1991; and, in 19 instances, misconduct
was apparent (Wheeler, 1991). Broad and Wade esti-
mate that each detected case of major fraud is accompa-
nied by 100 undetected cases and, furthermore, by 1000
cases of minor fraud. This is an impressionistic assess-
ment, however; no firm evidence supports their figures.
Furthermore, not all are as quick to state that fraud is
rampant in the research environment. Szilagyi (1984)
and Braunwald (1987), for instance, assert that the act
of fraud is heinous, but believe that it is not a fundamen-
tal and inherent part of science. Braunwald's statement
was offered in response to a paper by Stewart and Feder
(see below) analyzing articles by scientists who coau-
thored works with Darsee. A related problem is that the
extent of fraud is not as ominous as its potential for
disruption. Woolf (1981) notes:

The damage caused by falsification is not related merely
to its frequency. Even if cases of fraud are infrequent,
fraud has an impact on the research of other working
scientists, on the reliability of the published literature,
and on public attitudes that are vital to the future sup-
port of research. Greater understanding of these effects
would allow the scientific community to take steps
to minimize the adverse consequences within science
and to reassure the public that its trust is warranted,
(pp. 12-13)

Many of the cases of admitted or discovered fraud
and misconduct were slow in being resolved. One pos-
sible explanation for the difficulty of discovery is the
lack of replication of studies. It may be that actual or
perceived rewards and funding do not work in favor of
replication. The advancement of work in science does
sometimes lead to the rooting out of invalid work through
the process of building, or attempting to build, upon pre-
vious work. It may also be that an over-reaching assump-
tion of honesty governs actions. Zurer (1987) writes:

One contributing factor may be that chemists [and other
research scientists] very seldom talk explicitly about what
standards are expected in the research lab. Students
don't attend seminars or hear lectures on the necessity
to watch out for self-deception or to avoid the tempta-
tion to "improve" their results. Scientists just assume
the proper standards are self evident, (p. 14)

A third factor is that the weight of authority carries sub-
stantial import, even if there is evidence of fraud, mis-
conduct, or nonmalicious error. As Weinstein (1979)
observes:

Although the norm of universalism is violated when evi-
dence is accepted on the basis of authority, when re-
search is backed by the name of an eminent investigator,
originates from a prestigious institution, is well funded
by knowledgeable granting agencies or finds its way into
print in a respected refereed journal, scientists generally
accept it at face value, (p. 644)

The above section places the problem of fraud and
misconduct in a context of scientific investigation as it
has been conducted for nearly two decades. The review
of the literature is not intended to be exhaustive, but
presents some opinions on causes and pervasiveness of
fraud and misconduct. The writings cited indicate a sen-
sitivity to the issue which has been articulated in the
popular and scholarly literatures since the 1970s. It also
provides an indication that the case of John Darsee is
not an isolated incident. While Darsee's case is a notori-
ous one, and one about which many details are public, it
exists in an era of concern about the integrity of scientific
research. The present study examines the subsequent
trail of Darsee's work throughout the scientific litera-
ture and the acceptance or rejection meeting his work.

Background on the Darsee Case

John Darsee earned his undergraduate degree from
Notre Dame University and received his medical degree
from Indiana University in 1974 (Kohn, 1986). He con-
tinued at Emory doing clinical work and research until
1979, when he moved to Boston. He worked in the labo-
ratory of Eugene Braunwald, an noted physician and re-
searcher and head of medicine at both the Brigham and
Women's and Beth Israel Hospitals (Altman & Melcher,
1983). In May of 1981, some colleagues made known
their suspicions regarding some work Darsee had been
doing (Anonymous, 1982). Braunwald immediately
launched an investigation, in which further irregulari-
ties in the suspected work came to light.

Darsee had been offered a position as Assistant
Professor of Medicine at the Brigham and Women's
Hospital, Braunwald withdrew the offer and the NIH
fellowship Darsee held, and Darsee's appointments with
Brigham and Women's Hospital were terminated. Darsee
continued to do research in the laboratory, however,
though under close supervision. He also submitted fur-
ther papers and abstracts for publication, some co-
authored with Braunwald and others in the lab. The
assumption of Darsee's colleagues was apparently that
the one piece of suspect work was an isolated aberration.

Darsee was involved, at the time of the termination
of his Harvard and Brigham and Women's appoint-
ments, in a multi-institutional project funded by the
National Institutes of Health. Data gathered by Darsee
prior to May 21, 1981 was substantially at variance from
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that gathered at Duke and Johns Hopkins Universities
and the VA Medical Center. He was unable to account
for the variances, so a committee of eight faculty mem-
bers from Harvard and other institutions was estab-
lished by the Dean of the Harvard Medical School. At
approximately the same time, NIH convened a commit-
tee to investigate the incident. The Harvard committee
found substantial evidence that data had been fabricated
in the course of the study. The NIH group delved fur-
ther into Darsee's other publications and discovered sys-
tematic falsification of data in five other studies. As a
result of the committee's work, several of Darsee's pub-
lication were retracted and he was barred from receiving
NIH funds for a period of ten years. (Fig. 1 presents a
chronology highlighting Darsee's career and activities.)

The NIH committee, in its report, stated that:

The panel is of the opinion that the circumstances pre-
vailing throughout Dr. Darsee's period in the labora-
tory, while not responsible for or in any way condoning
his misdeeds, helped to create an environment that may
have inhibited their being uncovered . . . there just
wasn't enough direct contact with Braunwald. (Culliton,
1983, p. 936)

Braunwald maintained that he kept in close touch
with operations of his laboratory. In an effort to excuse
himself, Darsee wrote to Braunwald:

This was an extremely difficult period for me. I had too
much to do, too little time to do it in, and was greatly
fatigued mentally and almost childlike emotionally. I
had not taken a vacation, sick day, or even a day off
from work for six years. I had put myself on a track that
I hoped would allow me to have a wonderful academic
job and I knew I had to work very hard for it. (Knox,
1983, p. 1806)

Woolf (1986) observes two phenomena associated
with fraud, both of which are evident in the Darsee
case. Some extensively reported frauds have occurred in
laboratories where publications per year clearly exceed
the norm and pressure is frequently mentioned as a con-
tributing factor. Both of these observations, as well as
the facts of the Darsee case, point to the reality of aca-
demic research: institutional funding is perceived as in-
adequate for the conduct of extensive research, and
rewards are based largely on published output and the
attraction of external funding.

Subsequent to the Harvard and NIH investigation,
Darsee's career received further scrutiny from a com-
mittee at Emory (Moran, 1985). This panel examined
ten papers and 45 abstracts by Darsee and coauthors. It
concluded that one paper was valid, one was reported to
be valid by the coauthors, and eight were invalid or
fraudulent. Only five of the abstracts were seen to be
valid, while the remaining forty were questionable at
least. The committee stated in its conclusion:

The results of the evaluation of Darsee's work by this
committee provide overwhelming direct and circum-

1974 Earned M. D. degree ftoro Indiana Univeraty School of Medicine

1974-1977 Intern, junior resident, then senior resident in medicine at the Emory

University Hospitals

1977-1979 Clinical fellow in cardiology at the Emory University Hospitals

1978-1979 Also served as chief resident in medicine, Grady Memorial Hospital
and instructor in medicine, Emory University School of Medicine

1979 Went to Harvard Medical School as research fellow in cardiology

1980 Appointed instructor in the department of physiology and research
associate in medicine at Brigham and Women's Hospital

luiy 1981 To be effective date of appointment as assistant professor in medicine at
Harvard Medical School (offer withdrawn and positions as fellow at
Harvard Medical School and research associate at Brigham and
Women's Hospital terminated before this date)

Nov. 1981 Dr. Eugene Braunwald told Drs. I. Willis Hurst and Robert C. Schlant
of Emory University that Darsee had been accused of fabricating data
while at Harvard

3 Dec. 1981 Braunwald urged Hurst and Schlant to conduct an audit of Dai^ee's
work at Emory

17 Feb. 1982 Dean James F. Glenn of the Emory University School of Medicine
appointed an ad hoc committee to review Danee's work while he was
at Emory

29 June 1982 Committee's report completed

Feb. 1983 Committee's report released, with a memorandum from the associate
director of NIH for extramural research and training to the director of
NIH (which recommended that Darsee not receive financial assistance
and contract service from NIH for ten years, that Darsee not serve on
any peer review advisory committee for ten years, and that NIH
investigate Darsee's work at Emory)

FIG. 1. Chronology of events in Darsee's career.

stantial evidence of flagrant and extensive fraud in his
research at Emory University and of fabrication of data
published in the name of the university even after he
was at Harvard. (Moran, 1985, p. 303)

Citations to Darsee

Most of Darsee's publications are dated through 1981.
It may be expected that these publications, appearing as
they do in some prominent journals, will be cited in sub-
sequent literature shortly after the publication of the
original paper. A question asked here relates to the
number of citations received after 1981 by all of Darsee's
articles and abstracts. For that reason, the time period
studied is 1982-1990. These data can be gathered
searching Science Citation Index. This investigation re-
vealed that Darsee's papers were cited a total of 328 times
during the time period in question. Some of those cita-
tions are in non-English-language publications; this ex-
amination focuses on only those in English-language
journals. This means that 298 citations are analyzed.

The 298 citing papers were examined in order to de-
termine the contextual purpose for citing Darsee's ar-
ticles. Each paper was read and the citations were
placed in one of three categories. Some of the papers
dealt directly with the subject of fraud or the retraction
of one or more papers written or cowritten by Darsee.
This category contained the fewest citations. The second
category is that of negative citations. Negative citation
was inferred when the citing paper overtly or implicitly
acknowledged problems with methodology or findings,
but without explicit mention of fraud. The remaining
category, positive citations, is the largest. A positive ci-
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tation is defined as any citation that overtly or implicitly
accepts the methodology and/or findings of Darsee's
work. For instance, an implied positive citation would
be a citing author's mentioning without comment a pro-
cedural method or a finding noted by Darsee in his
paper. From such a citation, acceptance is inferred for
the purposes of this study. In other words, the absence
of negative comment is interpreted as a positive cita-
tion. Any indication of approval, such as the use of rein-
forcing language ("good," "well-conceived," etc.) is
taken to be an overtly positive citation.

The task of examining the citing works was shared by
the authors of this article, with the principal author
taking on the bulk of the work. However, 29, or ap-
proximately 10% of the articles, were examined by both
researchers to determine if there is agreement in the
application of the categories. In only one instance was
there any degree of disagreement. This resulted from a
paper which was critical of Darsee's methodology, but
which accepted the findings nonetheless. This is the
only case of a paper incorporating both positive and
negative evaluation of Darsee's work. The level of agree-
ment in the independent assessments (96.6%) implies
substantial confidence in the study's findings.

Table 1 presents a breakdown of the citations by cate-
gory for the years 1982-1990. As can be seen from the
table, the vast majority of citations to Darsee's work is
positive in nature. Positive citations comprise 85.9% of
the total number of citations. Negative citations are
8.4% and citations acknowledging fraud are 5.7% of the
total. In 1990, all 14 citations were determined to be
positive. Three of the papers cited in 1990 have been
shown to be fraudulent or questionable by the commit-
tee convened at Emory University in 1982. Analysis
shows that 136 of the positive citations are to works
deemed fraudulent or questionable by the committee.
(One of those citing papers recognizes that Darsee's pa-
per included some shoddy methodology, but agreed with
the findings, so it was included in the positive category.)

Some interpretation of these data is conjectural. For
instance, it may be assumed that total numbers of cita-
tions by year dropped off because many knowledgeable
scientists simply stopped citing Darsee at all. These re-

TABLE 1. Number and category of citations to Darsee's work
by year.

Year

1982
1983
1984
1985
1986
1987
1988
1989
1990

Totals

Positive

71
47
38
26
18
14
14
14
14

256

Negative

14
4
1
3
1
1
1
0
0

25

Fraud

2
12
2
0
0
0
0
1
0

17

searchers may have even made conscious decisions to
keep Darsee's name out of the literature by not citing
his work. Darsee's papers, however, have remained alive
in the literature, but explanation for this phenomenon is
elusive. Darsee was cited in the journal Circulation as
late as 1986, despite the fact that two of his papers had
appeared and were retracted in that journal. On the
other hand, the New England Journal of Medicine in-
cludes no citations to his work after 1983 (the year in
which the only two citations were a retraction and an
editorial on fraud). Through 1990, though, Darsee is still
cited, and cited positively, in the literature of cardiology.

Garfield and Welljams-Dorof (1990) found something
of a similar, but far less dramatic, pattern of continuing
citation in the case of Stephen Breuning. Breuning's
works continued to be cited, though in quite small
quantities, after he was convicted of scientific fraud in
1988 for fabricating data included in studies published
primarily during the 1980-1984 period. Garfield and
Welljams-Dorof's (1990) paper noted a larger number of
negative citations that is indicated in this study, and
they concluded that Breuning's influence on the litera-
ture was not great. They wrote:

The most interesting observation to emerge from this
single case study is that the scientific literature seems to
purge itself of articles that are known or even suspected
to be fraudulent. The annual distribution of non-self-
citations indicates that authors shun falsified research
once it is publicly exposed, (p. 1426)

It is obvious that Garfield and Welljams-Dorof's find-
ings cannot be extrapolated to all cases of fraud. Pfeifer
and Snodgrass (1990) looked at citations to retracted
papers. They found that these papers continued to be
cited, even after retraction. They also discovered that
while citation by authors in the United States dropped
after retraction, this group was still in the majority
of citing authors. Some of the possible reasons for the
continuation of citation of retracted observed were the
lack of plentiful information of retractions generally and
the absence of retraction in the self-indexing of some
journals.

Conclusion

This study illustrates clearly the dangers that fraudu-
lent or questionable research hold for the research pro-
cess generally. The works of John Darsee were held up
to close scrutiny a number of years ago and many of his
publications were found wanting. Despite the publicity
his case received, and the extensive reviews to which his
papers were subjected, his work remains alive in the re-
search literature of cardiology. Several years after the
reviews of his works, Darsee's articles are cited posi-
tively (even if the approval is implicit) in subsequent
papers. In fact, the age of Darsee's papers may be a
factor in his continued citation. The retraction of some
of his articles occurred before existing mechanisms
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were in place for alerting researchers about retraction.
There is the possibility that a scientist publishing new
research may be unaware that the cited paper was ever
retracted.

While not everything Darsee contributed to the lit-
erature was fraudulent or questionable, it remains that
much of the fraudulent work of Darsee is currently ac-
cepted as though it were valid. One question that re-
mains from this study is: What more could be done to
alert researchers regarding erroneous or fraudulent re-
search of the past? There is a substantial amount writ-
ten about dealing with the problem in the present, about
penalties for fraud, and about the responsibilities of
academic institutions and government agencies. If there
is fraud, however, and if there is some sloppiness due to
the rush to get things into print, then there is likely to
be continued carelessness with regard to verification of
the literature by authors.

An implication for the literature of science and for
scholarly literatures in general is that researchers need
to take care how they retrieve information. The litera-
ture that has been cited in the past cannot be accepted
uncritically. It must be treated with the same scrutiny
that is accorded to new research; the fact that it is older
and can be traced through the citations of former works
is not necessarily evidence of its accuracy, validity, or
honesty. Garfield and Welljams-Dorof mention the paper
by Thomasson and Stanley (1955) which is as valid now
as it was then:

The uncritical citation of disputed data by a writer,
whether it be deliberate or not, is a serious matter.
Of course, knowingly propagandizing unsubstantiated
claims is particularly abhorrent, but just as many naive
students may be swayed by unfounded assertions pre-
sented by a writer who is unaware of the criticisms.
Buried in scholarly journals, critical notes are increas-
ingly likely to be overlooked with the passage of time,
while the studies to which they pertain, having been
reported more widely, are apt to be rediscovered,
(pp. 610-611)

Much of what is written here applies to error as well
as to fraud. The symptoms described above relating to
pressure to publish and to win grants also manifest
themselves as careless errors. The thrust of some of the
work of Stewart and Feder (1987) centers on error as a
pernicious hindrance to the growth of knowledge. They
describe ten classes of lapses from accepted standards
for scientific research. These classes include nonmali-
cious incidents, such as inaccuracies in numerical pre-
sentation, to the failure to take action after work has
been questioned. Since science depends heavily on its
literature in order to build the research base of the future
on the work of the past, it is essential that the integrity
of the literature by preserved. As is shown here, there is
reason to be concerned with the literature of science
and the research based on the findings of that literature.

The implications for biomedical research are obvi-
ous. Implications for information policy also seem clear

in light of the continued positive citation to work that
has been shown fraudulent, negligent, or, at best, ques-
tionable. A letter to the editor appearing recently in this
Journal addresses this issue. Stein acknowledges a con-
cern regarding use of spurious material, and suggests
that indexing and abstracting services create a link
between retracted or withdrawn papers by adding a
note to that effect to the record for the original paper.
This is the case with retracted publications indexed in
MEDLINE. Kotzin and Schuyler (1989) describe the
process employed in handling the retrieval issues sur-
rounding retracted papers. In addition to notification of
retraction appearing as part of the retracted citation
itself, MEDLINE includes such retrieval mechanisms as
the MeSH subject heading "Retraction of Publication"
in order to assist with the identification of documents
that can present a genuine danger if taken as accurate.
Of course, if a paper is never formally retracted, this
mechanism is not applicable. It becomes clear that this
is both a biomedical research and an information re-
trieval problem, and that both aspects of the problem
require further investigation. Future work should build
on that already undertaken to determine the extent of
the problem and the possible influences of such a lack
of critical scrutiny applied to the literature.
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Policy 
 
WORLD MEDICAL ASSOCIATION DECLARATION OF HELSINKI 
 Ethical Principles for Medical Research Involving Human Subjects 
 
Adopted by the 18th WMA General Assembly, Helsinki, Finland, June 1964, and amended by 
the 
29th WMA General Assembly, Tokyo, Japan, October 1975 
35th WMA General Assembly, Venice, Italy, October 1983 
41st WMA General Assembly, Hong Kong, September 1989 
48th WMA General Assembly, Somerset West, Republic of South Africa, October 1996 
and the 52nd WMA General Assembly, Edinburgh, Scotland, October 2000  
Note of Clarification on Paragraph 29 added by the WMA General Assembly, Washington 2002 
Note of Clarification on Paragraph 30 added by the WMA General Assembly, Tokyo 2004 
 
 

A.   INTRODUCTION  

1. The World Medical Association has developed the Declaration of Helsinki as a 
statement of ethical principles to provide guidance to physicians and other 
participants in medical research involving human subjects. Medical research 
involving human subjects includes research on identifiable human material or 
identifiable data. 

2. It is the duty of the physician to promote and safeguard the health of the people. 
The physician's knowledge and conscience are dedicated to the fulfillment of this 
duty. 

3. The Declaration of Geneva of the World Medical Association binds the 
physician with the words, "The health of my patient will be my first 
consideration," and the International Code of Medical Ethics declares that, "A 
physician shall act only in the patient's interest when providing medical care 
which might have the effect of weakening the physical and mental condition of 
the patient."  

4. Medical progress is based on research which ultimately must rest in part on 
experimentation involving human subjects. 

5. In medical research on human subjects, considerations related to the well-being 
of the human subject should take precedence over the interests of science and 
society. 

6. The primary purpose of medical research involving human subjects is to improve 
prophylactic, diagnostic and therapeutic procedures and the understanding of the 
aetiology and pathogenesis of disease. Even the best proven prophylactic, 
diagnostic, and therapeutic methods must continuously be challenged through 
research for their effectiveness, efficiency, accessibility and quality.  

7. In current medical practice and in medical research, most prophylactic, 
diagnostic and therapeutic procedures involve risks and burdens.  



  
 
  

 

8. Medical research is subject to ethical standards that promote respect for all 
human beings and protect their health and rights. Some research populations are 
vulnerable and need special protection. The particular needs of the economically 
and medically disadvantaged must be recognized. Special attention is also 
required for those who cannot give or refuse consent for themselves, for those 
who may be subject to giving consent under duress, for those who will not 
benefit personally from the research and for those for whom the research is 
combined with care.  

9. Research Investigators should be aware of the ethical, legal and regulatory 
requirements for research on human subjects in their own countries as well as 
applicable international requirements. No national ethical, legal or regulatory 
requirement should be allowed to reduce or eliminate any of the protections for 
human subjects set forth in this Declaration. 

B.   BASIC PRINCIPLES FOR ALL MEDICAL RESEARCH  

10. It is the duty of the physician in medical research to protect the life, health, 
privacy, and dignity of the human subject.  

11. Medical research involving human subjects must conform to generally accepted 
scientific principles, be based on a thorough knowledge of the scientific 
literature, other relevant sources of information, and on adequate laboratory and, 
where appropriate, animal experimentation. 

12. Appropriate caution must be exercised in the conduct of research which may 
affect the environment, and the welfare of animals used for research must be 
respected. 

13. The design and performance of each experimental procedure involving human 
subjects should be clearly formulated in an experimental protocol. This protocol 
should be submitted for consideration, comment, guidance, and where 
appropriate, approval to a specially appointed ethical review committee, which 
must be independent of the investigator, the sponsor or any other kind of undue 
influence. This independent committee should be in conformity with the laws 
and regulations of the country in which the research experiment is performed. 
The committee has the right to monitor ongoing trials. The researcher has the 
obligation to provide monitoring information to the committee, especially any 
serious adverse events. The researcher should also submit to the committee, for 
review, information regarding funding, sponsors, institutional affiliations, other 
potential conflicts of interest and incentives for subjects.  

14. The research protocol should always contain a statement of the ethical 
considerations involved and should indicate that there is compliance with the 
principles enunciated in this Declaration.  

15. Medical research involving human subjects should be conducted only by 
scientifically qualified persons and under the supervision of a clinically 
competent medical person. The responsibility for the human subject must always 
rest with a medically qualified person and never rest on the subject of the 
research, even though the subject has given consent.  



  
 
  

 

16. Every medical research project involving human subjects should be preceded by 
careful assessment of predictable risks and burdens in comparison with 
foreseeable benefits to the subject or to others. This does not preclude the 
participation of healthy volunteers in medical research. The design of all studies 
should be publicly available. 

17. Physicians should abstain from engaging in research projects involving human 
subjects unless they are confident that the risks involved have been adequately 
assessed and can be satisfactorily managed. Physicians should cease any 
investigation if the risks are found to outweigh the potential benefits or if there is 
conclusive proof of positive and beneficial results.  

18. Medical research involving human subjects should only be conducted if the 
importance of the objective outweighs the inherent risks and burdens to the 
subject. This is especially important when the human subjects are healthy 
volunteers.  

19. Medical research is only justified if there is a reasonable likelihood that the 
populations in which the research is carried out stand to benefit from the results 
of the research.  

20. The subjects must be volunteers and informed participants in the research 
project. 

21. The right of research subjects to safeguard their integrity must always be 
respected. Every precaution should be taken to respect the privacy of the subject, 
the confidentiality of the patient's information and to minimize the impact of the 
study on the subject's physical and mental integrity and on the personality of the 
subject. 

22. In any research on human beings, each potential subject must be adequately 
informed of the aims, methods, sources of funding, any possible conflicts of 
interest, institutional affiliations of the researcher, the anticipated benefits and 
potential risks of the study and the discomfort it may entail. The subject should 
be informed of the right to abstain from participation in the study or to withdraw 
consent to participate at any time without reprisal. After ensuring that the subject 
has understood the information, the physician should then obtain the subject's 
freely-given informed consent, preferably in writing. If the consent cannot be 
obtained in writing, the non-written consent must be formally documented and 
witnessed.  

23. When obtaining informed consent for the research project the physician should 
be particularly cautious if the subject is in a dependent relationship with the 
physician or may consent under duress. In that case the informed consent should 
be obtained by a well-informed physician who is not engaged in the investigation 
and who is completely independent of this relationship.  

24. For a research subject who is legally incompetent, physically or mentally 
incapable of giving consent or is a legally incompetent minor, the investigator 
must obtain informed consent from the legally authorized representative in 



  
 
  

 

accordance with applicable law. These groups should not be included in research 
unless the research is necessary to promote the health of the population 
represented and this research cannot instead be performed on legally competent 
persons.  

25. When a subject deemed legally incompetent, such as a minor child, is able to 
give assent to decisions about participation in research, the investigator must 
obtain that assent in addition to the consent of the legally authorized 
representative.  

26. Research on individuals from whom it is not possible to obtain consent, 
including proxy or advance consent, should be done only if the physical/mental 
condition that prevents obtaining informed consent is a necessary characteristic 
of the research population. The specific reasons for involving research subjects 
with a condition that renders them unable to give informed consent should be 
stated in the experimental protocol for consideration and approval of the review 
committee. The protocol should state that consent to remain in the research 
should be obtained as soon as possible from the individual or a legally 
authorized surrogate. 

27. Both authors and publishers have ethical obligations. In publication of the results 
of research, the investigators are obliged to preserve the accuracy of the results. 
Negative as well as positive results should be published or otherwise publicly 
available. Sources of funding, institutional affiliations and any possible conflicts 
of interest should be declared in the publication. Reports of experimentation not 
in accordance with the principles laid down in this Declaration should not be 
accepted for publication.  

C.   ADDITIONAL PRINCIPLES FOR MEDICAL RESEARCH COMBINED WITH 
       MEDICAL CARE 

28. The physician may combine medical research with medical care, only to the 
extent that the research is justified by its potential prophylactic, diagnostic or 
therapeutic value. When medical research is combined with medical care, 
additional standards apply to protect the patients who are research subjects. 

29. The benefits, risks, burdens and effectiveness of a new method should be tested 
against those of the best current prophylactic, diagnostic, and therapeutic 
methods. This does not exclude the use of placebo, or no treatment, in studies 
where no proven prophylactic, diagnostic or therapeutic method exists.1 

30. At the conclusion of the study, every patient entered into the study should be 
assured of access to the best proven prophylactic, diagnostic and therapeutic 
methods identified by the study.2 

31. The physician should fully inform the patient which aspects of the care are 
related to the research. The refusal of a patient to participate in a study must 
never interfere with the patient-physician relationship. 



  
 
  

 

32. In the treatment of a patient, where proven prophylactic, diagnostic and 
therapeutic methods do not exist or have been ineffective, the physician, with 
informed consent from the patient, must be free to use unproven or new 
prophylactic, diagnostic and therapeutic measures, if in the physician's 
judgement it offers hope of saving life, re-establishing health or alleviating 
suffering. Where possible, these measures should be made the object of research, 
designed to evaluate their safety and efficacy. In all cases, new information 
should be recorded and, where appropriate, published. The other relevant 
guidelines of this Declaration should be followed.  

 
 
                                                           
1 Note of clarification on paragraph 29 of the WMA Declaration of Helsinki 

The WMA hereby reaffirms its position that extreme care must be taken in making use of a 
placebo-controlled trial and that in general this methodology should only be used in the absence 
of existing proven therapy. However, a placebo-controlled trial may be ethically acceptable, 
even if proven therapy is available, under the following circumstances: 

  - Where for compelling and scientifically sound methodological reasons its use is necessary to 
determine the efficacy or safety of a prophylactic, diagnostic or therapeutic method; or  

  - Where a prophylactic, diagnostic or therapeutic method is being investigated for a minor 
condition and the patients who receive placebo will not be subject to any additional risk of 
serious or irreversible harm.  
All other provisions of the Declaration of Helsinki must be adhered to, especially the need for 
appropriate ethical and scientific review. 
 
2 Note of clarification on paragraph 30 of the WMA Declaration of Helsinki 
 
The WMA hereby reaffirms its position that it is necessary during the study planning process to 
identify post-trial access by study participants to prophylactic, diagnostic and therapeutic 
procedures identified as beneficial in the study or access to other appropriate care. Post-trial 
access arrangements or other care must be described in the study protocol so the ethical review 
committee may consider such arrangements during its review. 
 
9.10.2004 
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One of the main tasks of COPE’s education
committee is to reduce unethical behaviour. This
involves the rather bold step of defining when people
have been behaving unethically, and then providing
suggestions on how they can avoid doing so in the
future. To this end we have written, and tested on a
group of authors, a guide for young researchers on the
area of authorship, which many people agree is one of
the more confused areas. But writing a document is
one thing; disseminating it is another. We would
therefore welcome comments, particularly on how we
can use this report to change behaviour, so that it
becomes not just another discussion document, but a
real catalyst for change.

In theory, authorship sounds straightforward, but in
practice it often causes headaches. While preparing
these guidelines, we heard about several cases. In one, a
deserving junior researcher was omitted from the
author list; in another a sponsoring company insisted
on the inclusion of an opinion leader who had made
virtually no contribution to a study. And the writer of
a review article found her name replaced with that of
her boss, because she was on maternity leave when the
final version was submitted.

Listing the authors tells readers who did the work
and should ensure that the right people get the credit,
and take responsibility, for the research. Although
journal editors do not always agree among themselves
on what constitutes authorship, many of them
subscribe to the guidance from the International
Committee of Medical Journal Editors (ICMJE), also
known as the Vancouver group.

The latest version, issued in 2001, states that:
“Authorship credit should be based only on:
(1) substantial contributions to conception and

design, or acquisition of data, or analysis and
interpretation of data;

(2) drafting the article or revising it critically for
important intellectual content; and 

(3) final approval of the version to be published.
Conditions (1), (2), and (3) must all be met.

Acquisition of funding, the collection of data, or
general supervision of the research group, by
themselves, do not justify authorship.”

The problem, as studies have shown, is that what
editors want is not what authors do.1 2 This is hardly
surprising given the enormous pressure on individuals
and institutions to “publish or perish.” Thus the
principles laid down by editors are often breached and
by-lines often do not reflect who really did the work.1

Many people (both editors and investigators) feel that
this misrepresentation is a form of research mis-
conduct, and that honesty in reporting science should

extend to authorship. They argue that, if scientists are
dishonest about their relationship to their work, this
undermines confidence in the reporting of the work
itself.

We have written this document to help new
researchers prevent and resolve authorship problems. In
particular it provides:

� suggestions for good authorship practice that
should reduce the incidence of such dilemmas,

� advice on what to do when authorship problems
do arise, and 

� a glossary of key concepts in authorship, with
some reading lists and websites for those who
wish to take this further.

How to reduce the incidence of
authorship problems

People generally lie about authorship in two ways:
� by putting down names of people who took little

or no part in the research (gift authorship, see
below)

� by leaving out names of people who did take part
(ghost authorship, see below).

Preventing a problem is often better than solving it
and we recommend the following three principles.

(a) Encourage a culture of ethical authorship 
One problem is that people who are being unethical
about authorship are simply following local customs
and practice.They need to be made aware of the views
of editors, so that in time the culture will change. As a
junior researcher you can make sure your departmental
library has at least one book on publication ethics (see
list below).You can also inquire if there is a university
or departmental policy on authorship, and suggest that
you start working on one if there is not.

(b) Start discussing authorship when you plan
your research

Raise the subject right at the start. Start gathering
views of all team members and if possible discuss
authorship at a face-to-face meeting. Even before a
study is finished, you should have some idea of the
publications that might come out of it, such as a
conference abstract, the full paper, then some
supplementary papers, and who is likely to be most
involved in these. Continue to discuss ideas about
authorship as the project evolves, and especially if new
people get involved. Keep a written record of your
decisions.

How to handle authorship disputes: a guide for new researchers
Tim Albert, trainer in medical writing,
Elizabeth Wager, freelance writer and trainer
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(c) Decide authorship before you start each article
Many authorship difficulties arise because of misplaced
expectations and poor communication. So it is
important that, before you start to write up your
project, you confirm in writing who will be doing
what—and by when. Ideally you should do this face to
face, though this may not always be possible. Keep
everyone informed of any changes with a written note.

How to handle authorship disputes
when they occur
The above suggestion, that every team should have a
written authorship agreement before the article is
written, should reduce the chances of disputes arising at a
late stage, when effectively all the real work has been
done.We accept, however, that many people are reluctant
to be pinned down in this way, and that it will not always
be possible to take such a sensible approach in real life.
Disagreements about authorship can be classified into
two types: those that do not contravene ICMJE
guidelines (disputes) and those that do (misconduct).

(a) Disputes 
These are largely questions of interpretation, such as
whether someone’s contribution was ‘substantial’ or not.
In such cases you need to negotiate with the people
involved. If the suggestions to include or omit names
came from your supervisor, make clear that you are not
disputing his or her right to make such a decision, but
show dispassionately why you do not agree with the
decision. Support this with evidence, such as laboratory
notebooks, manuscripts, ICMJE statement, Instructions to
Authors etc. If you remain unhappy with your
supervisor’s decision, you may consider an appeal to
someone more senior, such as the departmental head or
dean. But you should do this in exceptional
circumstances only - and make sure your supervisor
knows what you are intending to do.

(b) Misconduct
If you believe that someone is proposing to do something
with the authorship list that is unethical, then you have a
real problem. Should you say nothing (and therefore be
complicit in the unethical behaviour), or should you blow
the whistle, even though this might damage your career
prospects or future funding? We recommend a third way,
which is to explain the fact that the suggested author list
contravenes editors’ recommendations, and could be
considered scientific misconduct. Again, stick to the facts
and avoid being emotional. Point out that an editor could
well decline to publish if he or she finds out. As soon as
the meeting is finished, make a note and file it.

What you can do if authorship issues
are not resolved
Authorship may be used as a bargaining tool if team
members cannot agree on the presentation or
interpretation of results. All authors should see the final

version of a publication before it is submitted so you can
withdraw your name. This will not be an easy decision,
and you must weigh up the loss of credit for the work
you did with the disadvantages of being included in
something with which you do not fully agree.

If your name is included on a publication against your
wishes you should inform the other authors as soon as
possible. If you discover this only after publication you
may contact the journal and ask for a correction.
Similarly, if your name is wrongly omitted, you should
discuss this with the other contributors. You could
contact the journal but an editor is unlikely to add your
name without the agreement of the other authors. If your
name is omitted by accident, and the other authors agree,
then the journal may publish a correction.

Key concepts in authorship
Acknowledgements: Most journals permit (or even
encourage) acknowledgement of contributions to a
research project that do not merit authorship.The ICMJE
guidelines state: ‘All others who contributed to the work
who are not authors should be named in the
Acknowledgments, and what they did should be
described’.All those who are listed in this way should be
aware of it. Some journals (mainly in the US) will require
signatures of those acknowledged.

Appeals:You may ask a journal to withdraw your name
from a paper if it has been included against your wishes.
However most editors are reluctant to get involved in
disputes about omitted authors since they do not have
enough information to judge such cases. Some journals
have an ombudsman, but they deal with cases of alleged
misconduct by the journal. Similarly, COPE only hears
cases submitted by journal editors and is not an appeal
body for cases of disputed authorship.

Contributorship: The ICMJE guidelines now
recommend that authors should state their contribution
to the project: ‘authors should provide a description of
what each contributed, and editors should publish that
information’. Some journals publish this information but
in most cases it is for the benefit of the editor, who wants
reassurance that the criteria have been fulfilled. (See
Instructions to Authors.)

Corresponding author: The person who receives the
reviewers’ comments, the proofs, etc. and whose contact
details are printed on the article so that readers can request
reprints or contact the research group. Journal editors
view this as a purely administrative role, but some authors
equate it with seniority.Take the views of your co-authors
at an early stage, and decide in advance who will be the
corresponding author. Ideally, choose somebody whose
contact details are not likely to change in the near future.

First and last authors: Generally speaking, the most
sought-after position is the first, which is not surprising
given the convention of referring to studies by the first-
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named author, e.g.‘Smith et al. have shown that’.The first
named author is therefore generally held to have made
the greatest contribution to the research. Sometimes
significance is attached to being the last named author.
However, views about this do seem to vary, so don’t
assume that everybody feels the same way about it.
Authors have often given the last place to a senior team
member who contributed expertise and guidance. This
can be consistent with the ICMJE criteria if this person
was involved in study design, the interpretation of the
data, and critically reviewed the publication. However,
cynics may suspect that the final author is often a guest or
honorary author. (See Order of authors.)

Ghost authors: This phrase is used in two ways. It
usually refers to professional writers (often paid by
commercial sponsors) whose role is not acknowledged.
Although such writers rarely meet ICMJE criteria, since
they are not involved in the design of studies, or the
collection or interpretation of data, it is important to
acknowledge their contribution, since their involvement
may represent a potential conflict of interest. The term
can also be used to describe people who made a
significant contribution to a research project (and fulfil
the ICMJE criteria) but are not listed as authors. The
ICMJE guidelines clearly condemn this practice and state
that ‘All persons designated as authors should qualify for
authorship, and all those who qualify should be listed.’

Gift authors: People who are listed as authors but who
did not make a significant contribution to the research
and therefore do not fulfil the ICMJE criteria.These are
often senior figures (e.g. heads of department) whose
names are added to curry favour (or because it is
expected). Another type of gift author is a colleague
whose name is added on the understanding that s/he will
do the same for you, regardless of your contribution to
his/her research, but simply to swell your publication lists.

Group authorship: Some journals permit the use of
group names (e.g. The XYZ Study Group) but many
require contributors to be listed (often alphabetically)
and/or the writing group to be named as well. One
problem with group names is that they are often
miscoded on databases such as Medline.The first person
in an alphabetical list of contributors sometimes becomes
the first author by default, which rather defeats the object.

Guarantor: Should we expect a radiographer to explain
the statistical methods or the statistician to interpret the
x-rays? To take increasing specialisation into account, the
latest version of the ICMJE guidelines acknowledges that
it may be unreasonable to ask individuals to take
responsibility for every aspect of the research. However,
the editors felt that it was important that one person
should guarantee the integrity of the entire project. ‘All
persons designated as authors should qualify for
authorship, and all those who qualify should be listed.
Each author should have participated sufficiently in the
work to take public responsibility for appropriate
portions of the content. One or more authors should take

responsibility for the integrity of the work as a whole,
from inception to published article.’

Instructions to authors: While there is a great deal of
agreement among journal editors on authorship matters,
there are also some differences in detailed requirements and
the ways in which by-lines are presented.You should carefully
read the Instructions to Authors for your target journal.

Number of authors: There are no rules about this. In
the past, databases such as Medline limited the number of
authors they listed. This was shown to influence the
number of authors (most groups tried to stay below the
limit) and, in larger groups, probably increased jostling for
position. Now, however, most databases list all authors.
Rather than decide how many authors there should be, it
is probably best to agree who will qualify as an author, and
then simply include all those who do. However, remember
that including large numbers of authors usually increases
the time it takes to prepare, review and finalise a paper.

Order of authors: The ICMJE guidelines state that the
order of authorship, should be ‘a joint decision of the co-
authors. Authors should be prepared to explain the order
in which authors are listed’. They rather unhelpfully do
not give guidance about the order in which authors are
listed. Wherever possible, make these decisions before
starting to write up the project. Some groups list authors
alphabetically, sometimes with a note to explain that all
authors made equal contributions to the study and the
publication. If you do so, make sure it is clear to the editor.
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Uniform Requirements for Manuscripts Submitted to Biomedical Journals 

I. STATEMENT OF PURPOSE 

I. A. About the Uniform Requirements 
A small group of editors of general medical journals 

met informally in Vancouver, British Columbia, in 1978 
to establish guidelines for the format of manuscripts sub
mitted to their journals. This group became known as the 
Vancouver Group. Its requirements for manuscripts, in
cluding formats for bibliographic references developed by 
the National Library of Medicine (NLM), were first pub
lished in 1979. The Vancouver Group expanded and 
evolved into the International Committee of Medical Jour
nal Editors (ICMJE), which meets annually. The ICMJE 
has gradually broadened its concerns to include ethical 
principles related to publication in biomedical journals. 

The ICJME has produced multiple editions of the 
Uniform Requirements for Manuscripts Submitted to Bio
medical Journals. Over the years, issues have arisen that go 
beyond manuscript preparation, resulting in development 
of a number of Separate Statements on editorial policy. 
The entire Uniform Requirements document was revised 
in 1997; sections were updated in May 1999 and May 
2000. In May 2001, the ICMJE revised the sections related 
to potential conflict of interest. In 2003, the committee 
revised and reorganized the entire document and incorpo
rated the Separate Statements into the text. The committee 
prepared this revision in 2010. 

The total content of the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals may be re
produced for educational, not-for-profit purposes without 
regard for copyright; the committee encourages distribu
tion of the material. 

Journals that agree to use the Uniform Requirements 
are encouraged to state in their Instructions to Authors 
that their requirements are in accordance with the Uni
form Requirements and to cite this version. Journals that 
wish to be listed on www.ICMJE.org as a publication that 
follows the Uniform Requirements should contact the 
ICMJE secretariat office. 

The ICMJE is a small working group of general med
ical journals, not an open-membership organization. Occa
sionally, the ICMJE will invite a new member or guest 
when the committee feels that the journal or organization 
will provide a new perspective. Open membership organi
zations for editors and others in biomedical publication 
include the World Association of Medical Editors www 
.WAME.org, the Council of Science Editors (www 
.councilscienceeditors.org/), and the European Association 
of Science Editors (www.ease.org.uk). 

I. B. Potential Users of the Uniform Requirements 
The ICMJE created the Uniform Requirements pri

marily to help authors and editors in their mutual task of 
creating and distributing accurate, clear, easily accessible 
reports of biomedical studies. The initial sections address 
the ethical principles related to the process of evaluating, 
improving, and publishing manuscripts in biomedical jour

nals and the relationships among editors and authors, peer 
reviewers, and the media. The latter sections address the 
more technical aspects of preparing and submitting manu
scripts. The ICMJE believes that the entire document is 
relevant to the concerns of both authors and editors. 

The Uniform Requirements can provide many other 
stakeholders—peer reviewers, publishers, the media, pa
tients and their families, and general readers—with useful 
insights into the biomedical authoring and editing process. 

I. C. How to Use the Uniform Requirements 
The Uniform Requirements state the ethical principles 

in the conduct and reporting of research and provide rec
ommendations relating to specific elements of editing and 
writing. These recommendations are based largely on the 
shared experience of a moderate number of editors and 
authors, collected over many years, rather than on the re
sults of methodical, planned investigation that aspires to be 
“evidence-based.” Wherever possible, recommendations 
are accompanied by a rationale that justifies them; as such, 
the document serves an educational purpose. 

Authors will find it helpful to follow the recommen
dations in this document whenever possible because, as 
described in the explanations, doing so improves the qual
ity and clarity of reporting in manuscripts submitted to 
any journal, as well as the ease of editing. At the same time, 
every journal has editorial requirements uniquely suited to 
its purposes. Authors therefore need to become familiar 
with the Instructions to Authors specific to the journal 
they have chosen for their manuscript—for example, the 
topics suitable for that journal, and the types of papers that 
may be submitted (for example, original articles, reviews, 
or case reports)—and should follow those instructions. 

II. ETHICAL CONSIDERATIONS IN THE CONDUCT AND 

REPORTING OF RESEARCH 

II A. Authorship and Contributorship 
II. A. 1. Byline Authors 

An “author” is generally considered to be someone 
who has made substantive intellectual contributions to a 
published study, and biomedical authorship continues to 
have important academic, social, and financial implications 
(1). An author must take responsibility for at least one com
ponent of the work, should be able to identify who is respon
sible for each other component, and should ideally be confident 
in their co-authors’ ability and integrity. In the past, readers 
were rarely provided with information about contributions 
to studies from persons listed as authors and in Acknowl
edgments (2). Some journals now request and publish in
formation about the contributions of each person named as 
having participated in a submitted study, at least for orig
inal research. Editors are strongly encouraged to develop 
and implement a contributorship policy, as well as a policy 
on identifying who is responsible for the integrity of the 
work as a whole. 

While contributorship and guarantorship policies ob
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viously remove much of the ambiguity surrounding contri
butions, they leave unresolved the question of the quantity 
and quality of contribution that qualify for authorship. 
The ICJME has recommended the following criteria for 
authorship; these criteria are still appropriate for journals 
that distinguish authors from other contributors. 

● Authorship credit should be based on 1) substantial 
contributions to conception and design, acquisition of 
data, or analysis and interpretation of data; 2) drafting the 
article or revising it critically for important intellectual 
content; and 3) final approval of the version to be pub
lished. Authors should meet conditions 1, 2, and 3. 

● When a large, multicenter group has conducted 
the work, the group should identify the individuals who 
accept direct responsibility for the manuscript (3). These 
individuals should fully meet the criteria for authorship/ 
contributorship defined above, and editors will ask these 
individuals to complete journal-specific author and 
conflict-of-interest disclosure forms. When submitting a 
manuscript authored by a group, the corresponding author 
should clearly indicate the preferred citation and identify 
all individual authors as well as the group name. Journals 
generally list other members of the group in the Acknowl
edgments. The NLM indexes the group name and the 
names of individuals the group has identified as being di
rectly responsible for the manuscript; it also lists the names 
of collaborators if they are listed in Acknowledgments. 

● Acquisition of funding, collection of data, or gen
eral supervision of the research group alone does not con
stitute authorship. 

● All persons designated as authors should qualify for 
authorship, and all those who qualify should be listed. 

● Each author should have participated sufficiently in 
the work to take public responsibility for appropriate por
tions of the content. 

Some journals now also request that one or more au
thors, referred to as “guarantors,” be identified as the per
sons who take responsibility for the integrity of the work as 
a whole, from inception to published article, and publish 
that information. 

Increasingly, authorship of multicenter trials is attrib
uted to a group. All members of the group who are named 
as authors should fully meet the above criteria for author
ship/contributorship. 

The group should jointly make decisions about 
contributors/authors before submitting the manuscript for 
publication. The corresponding author/guarantor should 
be prepared to explain the presence and order of these 
individuals. It is not the role of editors to make authorship/ 
contributorship decisions or to arbitrate conflicts related to 
authorship. 

II. A. 2. Contributors Listed in Acknowledgments 

All contributors who do not meet the criteria for au
thorship should be listed in an acknowledgments section. 
Examples of those who might be acknowledged include a 

person who provided purely technical help, writing assis
tance, or a department chairperson who provided only gen
eral support. Editors should ask corresponding authors to 
declare whether they had assistance with study design, data 
collection, data analysis, or manuscript preparation. If such 
assistance was available, the authors should disclose the 
identity of the individuals who provided this assistance and 
the entity that supported it in the published article. Finan
cial and material support should also be acknowledged. 

Groups of persons who have contributed materially to 
the paper but whose contributions do not justify author
ship may be listed under such headings as “clinical inves
tigators” or “participating investigators,” and their function 
or contribution should be described—for example, “served 
as scientific advisors,” “critically reviewed the study pro
posal,” “collected data,” or “provided and cared for study 
patients.” Because readers may infer their endorsement of 
the data and conclusions, these persons must give written 
permission to be acknowledged. 

II. B. Editorship 
II. B. 1. The Role of the Editor 

The editor of a journal is the person responsible for its 
entire content. Owners and editors of medical journals 
have a common endeavor—publication of a reliable, read
able journal produced with due respect for the stated aims 
of the journal and for costs. Owners and editors, however, 
have different functions. Owners have the right to appoint 
and dismiss editors and to make important business deci
sions in which editors should be involved to the fullest 
extent possible. Editors must have full authority for deter
mining the editorial content of the journal. The concept of 
editorial freedom should be resolutely defended by editors 
even to the extent of their placing their positions at stake. 
To secure this freedom in practice, the editor should have 
direct access to the highest level of ownership, not to a 
delegated manager. 

Editors of medical journals should have a contract that 
clearly states their rights and duties, the general terms 
of the appointment, and the mechanisms for resolving 
conflict. 

An independent editorial advisory board may be use
ful in helping the editor establish and maintain editorial 
policy. 

II. B. 2. Editorial Freedom 

The ICMJE adopts the World Association of Medical 
Editors’ definition of editorial freedom. According to this 
definition, editorial freedom, or independence, is the con
cept that editors-in-chief have full authority over the edi
torial content of their journal and the timing of publica
tion of that content. Journal owners should not interfere in 
the evaluation, selection, or editing of individual articles 
either directly or by creating an environment that strongly 
influences decisions. Journal owners should not require ed
itors to publish supplements as part of their contractual 
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Publication Ethics Policies for Medical Journals
Prepared by the WAME Publication Ethics Committee

Conflict of Interest in Peer-Reviewed Medical Journals

Study Design and Ethics

Authorship

Peer Review

Editorial Decisions

Originality, Prior Publication, and Media Relations

Plagiarism

Advertising

Responding to Allegations of Possible Misconduct

Relation of the Journal to the Sponsoring Society (if applicable)

The purpose of a policy on ethical principles

Medical journals aspire to select, through peer review, the highest quality science. To
achieve this, the entire peer review and publication process must be thorough, objective,
and fair. Almost every aspect of this process involves important ethical principles and
decisions, which are seldom explicitly stated and even less often shared with the readership.
Journals' reputations depend on the trust of readers, authors, researchers, reviewers,
editors, patients, research subjects, funding agencies, and administrators of public health
policy. This trust is enhanced by describing as explicitly as possible the journal's policies to
ensure the ethical treatment of all participants in the publication process.

A comprehensive policy on publication ethics is summarized in this article, which addresses
all the major areas of ethics we believe contemporary science journals should consider. Our
aim is to encourage editors of journals to use these to develop such policies for their
journals and make them accessible to their constituents by publishing them in print or on
the web. The document makes recommendations on what we consider to be the best
solutions to address these ethical problems, but we expect individual journals to customize
the policies to best fit their own situations.

However, we believe that every journal should have an explicit policy on each of these
issues, and that these policies should be published in each journal so they are accessible to
readers, authors, and reviewers.
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Study Design and Ethics

Good research should be well justified, well planned, and appropriately designed, so that it
can properly address the research question. Statistical issues, including power calculations,
should be considered early in study design, to avoid futile studies that produce subject risk
without enrollment sufficient to answer the research question. Outcomes should be specified
at the start of the study. Research should be conducted to high standards of quality control
and data analysis. Data and records must be retained and produced for review upon
request. Fabrication, falsification, concealment, deceptive reporting, or misrepresentation of
data constitute scientific misconduct.

Documented review and approval from a formally constituted review board (Institutional
Review Board or Ethics committee) should be required for all studies involving people,
medical records, and human tissues. For those investigators who do not have access to
formal ethics review committees, the principles outlined in the Declaration of Helsinki should
be followed. If the study is judged exempt from review, a statement from the committee
should be required. Informed consent by participants should always be sought. If not
possible, an institutional review board must decide if this is ethically acceptable. Journals
should have explicit policies as to whether these review board approvals must be
documented by the authors, or simply attested to in their cover letter, and how they should
be described in the manuscript itself.

Animal experiments should require full compliance with local, national, ethical, and
regulatory principles, and local licensing arrangements.

Journal recommendations for preferred presentation and analysis of data should be
described in the Information for Contributors or Authors. Wherever possible,
recommendations should be based on evidence about methods of data presentation that are
readable and most likely to be interpreted correctly by readers. Editors should keep
themselves informed of this research and adapt their recommendations as it evolves.

Authorship

Journals should publish guidance about what constitutes authorship. While there is no
universally agreed definition of authorship, contributors should be made aware of the
guidelines developed by the International Committee of Medical Journal Editors (available at
http://www.icmje.org/#author).

Authorship implies a significant intellectual contribution to the work, some role in writing the
manuscript and reviewing the final draft of the manuscript, but authorship roles can vary.
Who will be an author, and in what sequence, should be determined by the participants early
in the research process, to avoid disputes and misunderstandings which can delay or
prevent publication of a paper.

For all manuscripts, the corresponding author should be required to provide information on
the specific contributions each author has made to the article. (Alternatively, since authors
may differ on the nature and magnitude of contributions, each author may be asked to
describe their own.) All authors are responsible for the quality, accuracy, and ethics of the
work, but one author must be identified who will reply if questions arise or more information
is needed, and who will take responsibility for the work as a whole. This description of
author contributions should be printed with the article. The authors are responsible for
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creating all components of the manuscript. If writers are provided by the sponsoring or
funding institution or corporation to draft or revise the article, the name of the writer and
their sponsoring organization must be provided. Their names and contributions will be
provided with the acknowledgments. Journals should discourage "honorary" authorship
(when authorship is granted as a favor to someone powerful or prestigious who would not
have qualified for it otherwise) and should also try to ensure that all those who qualify as
authors are listed.

All authors must take responsibility in writing for the accuracy of the manuscript, and one
author must be the guarantor and take responsibility for the work as a whole. A growing
trend among journals is to also require that for reports containing original data, at least one
author (eg, the principal investigator) should indicate that she or he had full access to all
the data in the study and takes responsibility for the integrity of the data and the accuracy
of the data analysis. This helps assure that authors, and not funding sources, have final say
over the analysis and reporting of their results.

Peer Review

Peer review is fundamental to the scientific publication process and the dissemination of
sound science. Peer reviewers are experts chosen by editors to provide written assessment
of the strengths and weaknesses of written research, with the aim of improving the
reporting of research and identifying the most appropriate and highest quality material for
the journal. Regular reviewers selected for the journal should be required to meet minimum
standards (as determined and promulgated by each journal) regarding their background in
original research, publication of articles, formal training, and previous critical appraisal of
manuscripts.

Peer reviewers should be experts in the scientific topic addressed in the articles they review,
and should be selected for their objectivity and scientific knowledge. Individuals who do not
have such expertise should not be reviewers, and there is no role for review of articles by
individuals who have a major competing interest in the subject of the article (e.g. those
working for a company whose product was tested, its competitors, those with special
political or ideological agendas, etc.)

Reviews will be expected to be professional, honest, courteous, prompt, and constructive.
The desired major elements of a high-quality review should be as follows:

The reviewer should have identified and commented on major strengths and weaknesses
of study design and methodology

The reviewer should comment accurately and constructively upon the quality of the
author's interpretation of the data, including acknowledgment of its limitations.

The reviewer should comment on major strengths and weaknesses of the manuscript as a
written communication, independent of the design, methodology, results, and
interpretation of the study.

The reviewer should comment on any ethical concerns raised by the study, or any
possible evidence of low standards of scientific conduct.

The reviewer should provide the author with useful suggestions for improvement of the
manuscript.

The reviewer's comments to the author should be constructive and professional

The review should provide the editor the proper context and perspective to make a
decision on acceptance (and/or revision) of the manuscript. (Some journals may wish a
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recommendation on whether the article should be published; others will not, as such
decisions are usually made on priorities different than the reviewer's).

All reviewers should be informed of the journal's expectations and editors should make an
effort to educate them and suggest educational materials (such as articles on how to peer
review:

The editors should routinely assess all reviews for quality; they may also edit reviews before
sending them to authors, or simply not send them if they feel they are not constructive or
appropriate. Ratings of review quality and other performance characteristics of reviewers
should be periodically assessed to assure optimal journal performance, and must contribute
to decisions on reappointment or ongoing review requests (for journals that do not formally
appoint reviewers). Individual performance data must be kept confidential. Performance
measures such as review completion times should be used to assess changes in process that
might improve journal performance.

The type of review process should be stated, such as the number of reviewers, blinded as to
author or institution or not, authors blinded as to reviewer identity or not, etc. Any policy on
suggesting reviewers or on requests to not use certain reviewers should be described.

The submitted manuscript is a privileged communication; reviewers must treat it as
confidential. It should not be retained or copied. Also, reviewers must not share the
manuscript with any colleagues without the explicit permission of the editor. Reviewers and
editors must not make any personal or professional use of the data, arguments, or
interpretations (other than those directly involved in its peer review) prior to publication
unless they have the authors' specific permission or are writing an editorial or commentary
to accompany the article.

If reviewers suspect misconduct, they should notify the editor in confidence, and should not
share their concerns with other parties unless officially notified by the journal that they may
do so.

High-quality review is important, but equally important is that readers be able to readily
determine which contents of the journal are peer reviewed. The journal should describe
which types of articles are peer reviewed, and by whom (ie, only by editorial board
members, by outside expert reviewers, or both). Editors should strongly consider having a
statistician review reports of original research that are being considered for publication, if
this feasible, since studies have shown that typical nonstatistician reviewers do not identify
many major errors in research.

Journals should publish annual audits of acceptance rates, publication intervals, percentage
of submissions sent out for external peer review, and other performance data.

Review materials and original submitted manuscripts may sometimes be useful for
educational purposes, for review by other parties in the peer review process (other than the
decision editor or other reviewers of the same manuscript) or in educational products. No
reviews or manuscripts should be so used without the express written permission of the
reviewer or authors, respectively. (One procedure may be to have a blanket permission for
autonomous internal quality assurance use included in the submission requirements for the
manuscript, and the reviewer's assignment agreement).

Editorial Decisions

Decisions about a manuscript should be based only on its importance, originality, clarity,
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and relevance to the journal's scope and content. Studies with negative results despite
adequate power, or those challenging previously published work, should receive equal
consideration.

There should be an explicit written policy on the procedure that will be followed if an author
appeals a decision.

If a published paper is subsequently found to have errors or major flaws, the Editor should
take responsibility for promptly correcting the written record in the journal. The specific
content of the correction may address whether the errors originated with the author or the
journal. The correction should be listed in the table of contents to ensure that it is linked to
the article to which it pertains in public databases such as PubMed.

Ratings of review quality and other performance characteristics of editors should be
periodically assessed to assure optimal journal performance, and must contribute to
decisions on reappointment. Individual performance data must be confidential. These
performance measures should also be used to assess changes in process that might improve
journal performance.

The handling of manuscripts that may represent a conflict of interest for editors is described
under the section on conflict of interest.

The process by which candidates are nominated to the Editorial Board, and the qualities
sought in candidates, should be explicitly described.

Originality, Prior Publication, and Media Relations

Journals should state their policies on what type of content they accept for publication.
Journals should generally seek original work that has not been previously published. Web
and other electronic publication should be considered the same as print publication for this
purpose. Redundant publication occurs when multiple papers, without full cross reference in
the text, share the same data, or results. Republication of a paper in another language, or
simultaneously in multiple journals with different audiences, may be acceptable, provided
that there is full and prominent disclosure of its original source at the time of submission of
the manuscript. At the time of submission, authors should disclose details of related papers
they have authored, even if in a different language, similar papers in press, and any closely
related papers previously published or currently under review at another journal.

Because medical research findings are of increasing interest to the lay media, journalists
attend scientific meetings at which preliminary research findings are presented, which can
lead to their premature publication in the mass media. Publication of details not included in
the abstract or meeting presentation is not advised until the article has appeared in a peer-
reviewed journal, as this means that enough detailed evidence has been provided to satisfy
peer reviewers and editors. Where this is not possible, authors should help journalists to
produce accurate reports, but refrain from supplying additional data, if they wish their
material to be of sufficient original interest to warrant publication in peer-reviewed journals.
Authors should be discouraged from holding press conferences to publicize their abstract
results, as these results are preliminary and generally the complete report has not yet
undergone peer review. Journals should address these concerns in their formal policies on
originality of submitted materials.

Previous publication of an abstract during the proceedings of meetings (in print or
electronically) does not preclude subsequent submission for publication, but full disclosure
should be made at the time of submission.

The journal's embargo policy (on release of information to the press about upcoming

contents) should be made available. 
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Plagiarism

Plagiarism is the use of others' published and unpublished ideas or words (or other
intellectual property) without attribution or permission, and presenting them as new and
original rather than derived from an existing source. The intent and effect of plagiarism is to
mislead the reader as to the contributions of the plagiarizer. This applies whether the ideas
or words are taken from abstracts, research grant applications, Institutional Review Board
applications, or unpublished or published manuscripts in any publication format (print or
electronic).

Plagiarism is scientific misconduct and should be addressed as such (see prior section).

Self-plagiarism refers to the practice of an author using portions of their previous writings
on the same topic in another of their publications, without specifically citing it formally in
quotes. This practice is widespread and sometimes unintentional, as there are only so many
ways to say the same thing on many occasions, particularly when writing the Methods
section of an article. Although this usually violates the copyright that has been assigned to
the publisher, there is no consensus as to whether this is a form of scientific misconduct, or
how many of one's own words one can use before it is truly "plagiarism." Probably for this
reason self-plagiarism is not regarded in the same light as plagiarism of the ideas and words
of other individuals. If journals have developed a policy on this matter, it should be clearly
stated for authors.

Advertising

Many scientific journals derive a substantial income from advertising or reprints, creating a
potential conflict of interest. Editorial decisions should not be influenced by advertising
revenue or reprint potential. Editorial and advertising functions at the journal should be
independent. Advertisers and donors should have no control over editorial material under
any circumstances.

Reprinted articles must be published as they originally appeared in the journal (including
subsequent corrections); that is, there is no alteration or revision of articles for a
supplement or reprint other than corrections. The content of special supplementary issues (if
any) should be determined only by the usual editorial process and not be influenced in any
way by the funding source or advertisers. Limitations on how reprinted articles may be
combined with advertisements or endorsements of a product or company should be explicitly
addressed in journal policy. If supplements do not undergo peer review or undergo a peer
review process different from the rest of the journal, that should be explicitly stated.

Journals should have a formal advertising policy and this should be made available to all
constituents of the journal. Briefly, journals should require all advertisements to clearly
identify the advertiser and the product or service being offered. In the case of drug
advertisements, the full generic name of each active ingredient should appear. Commercial
advertisements should not be placed adjacent to any editorial matter that discusses the
product being advertised, nor adjacent to any article reporting research on the advertised
product, nor should they refer to an article in the same issue in which they appear.
Limitations on how reprinted articles may be combined with advertisements or

http://www.wame.org/resources/publication-ethics-policies-for-medical-journals#top
http://www.wame.org/resources/publication-ethics-policies-for-medical-journals#top


Publication Ethics Policies for Medical Journals — World Association of Medical Editors

http://www.wame.org/resources/ethics-resources/publication-ethics-policies-for-medical-journals/

endorsements of a product or company should be explicitly addressed in journal policy. Ads
should have a different appearance from editorial material so there is no confusion between
the two. Similar limitations (for the regular journal as well as supplements) may include
placement of ads for related products on the front, rear, or inside cover pages of an issue
that carries an editorial or original article on that topic. Policies on these issues should be
explicit, and published in print or on the Web.

Products or services being advertised should be germane to (a) the practice of medicine, (b)
medical education, or (c) health care delivery.

Advertisements may not be deceptive or misleading. Exaggerated or extravagantly worded
copy should not be allowed. Advertisements should not be accepted if they appear to be
indecent or offensive in either text or artwork, or contain negative content of a personal,
racial, ethnic, sexual orientation, or religious character.

Journals must have the right to refuse any advertisement for any reason. The decision as to
acceptance (and any questions about eligibility raised by readers or others) should be made
in consultation with the journal's editorial content team and the editorial team should be
regularly informed about the evaluation of advertising, especially those that are refused due
to non-compliance with the journal's guidelines.

Responding to Allegations of Possible Misconduct

Journals should have a clear policy on handling concerns or allegations about misconduct,
which can arise regarding authors, reviewers, editors, and others. Journals do not have the
resources or authority to conduct a formal judicial inquiry or arrive at a formal conclusion
regarding misconduct. That process is the role of the individual's employer, university,
granting agency, or regulatory body. However, journals do have a responsibility to help
protect the integrity of the public scientific record by sharing reasonable concerns with
authorities who can conduct such an investigation.

Deception may be deliberate, by reckless disregard of possible consequences, or by
ignorance. Since the underlying goal of misconduct is to deliberately deceive others as to
the truth, the journal's preliminary investigation of potential misconduct must take into
account not only the particular act or omission, but also the apparent intention (as best it
can be determined) of the person involved. Misconduct does not include unintentional error.
The most common forms of scientific misconduct include (the following are taken with minor
modification from the ORI publication Analysis of Institutional Policies for Responding to
Allegations of Scientific Misconduct [http://ori.dhhs.gov/html/polanal2.htm, full report in
PDF format http://ori.dhhs.gov/html/publications/studies.asp, accessed 3/13/04]):

Falsification of data: ranges from fabrication to deceptive selective reporting of findings
and omission of conflicting data, or willful suppression and/or distortion of data.

Plagiarism: The appropriation of the language, ideas, or thoughts of another without
crediting their true source, and representation of them as one's own original work.

Improprieties of authorship: Improper assignment of credit, such as excluding others,
misrepresentation of the same material as original in more than one publication, inclusion
of individuals as authors who have not made a definite contribution to the work
published; or submission of multi-authored publications without the concurrence of all
authors.

Misappropriation of the ideas of others: an important aspect of scholarly activity is
the exchange of ideas among colleagues. Scholars can acquire novel ideas from others
during the process of reviewing grant applications and manuscripts. However, improper
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use of such information can constitute fraud. Wholesale appropriation of such material
constitutes misconduct.

Violation of generally accepted research practices: Serious deviation from accepted
practices in proposing or carrying out research, improper manipulation of experiments to
obtain biased results, deceptive statistical or analytical manipulations, or improper
reporting of results.

Material failure to comply with legislative and regulatory requirements affecting
research: Including but not limited to serious or substantial, repeated, willful violations
of applicable local regulations and law involving the use of funds, care of animals, human
subjects, investigational drugs, recombinant products, new devices, or radioactive,
biologic, or chemical materials.

Inappropriate behavior in relation to misconduct: this includes unfounded or
knowingly false accusations of misconduct, failure to report known or suspected
misconduct, withholding or destruction of information relevant to a claim of misconduct
and retaliation against persons involved in the allegation or investigation.

Deliberate misrepresentation of qualifications, experience, or research accomplishments to
advance the research program, to obtain external funding, or for other professional
advancement.

Responses to possible misconduct

Journals should have an explicit policy describing the process by which they will respond to
allegations of misconduct. In drafting such a policy, the guidance provided to editors by a
publication of the US Office of Research Integrity may be useful
(ori.dhhs.gov/multimedia/acrobat/masm.pdf, accessed 12/2/03). The process described in
the following 2 paragraphs is an example of a policy for an individual journal:

All allegations of misconduct will be referred to the Editor-In-Chief, who will review the
circumstances in consultation with the deputy editors. Initial fact-finding will usually include
a request to all the involved parties to state their case, and explain the circumstances, in
writing. In questions of research misconduct centering on methods or technical issues, the
Editor-In-Chief may confidentially consult experts who are blinded to the identity of the
individuals, or if the allegation is against an editor, an outside editor expert. The Editor-In-
Chief and deputy editors will arrive at a conclusion as to whether there is enough evidence
to lead a reasonable person to believe there is a possibility of misconduct. Their goal is not
to determine if actual misconduct occurred, or the precise details of that misconduct.

When allegations concern authors, the peer review and publication process for the
manuscript in question will be halted while the process above is carried out. The
investigation described above will be completed even if the authors withdraw their paper,
and the responses below will still be considered. In the case of allegations against reviewers
or editors, they will be replaced in the review process while the matter is investigated.

All such allegations should be kept confidential; the number of inquiries and those involved
should be kept to the minimum necessary to achieve this end. Whenever possible,
references to the case in writing should be kept anonymous.

Journals have an obligation to readers and patients to ensure that their published research
is both accurate and adheres to the highest ethical standard. Therefore, if the inquiry
concludes there is a reasonable possibility of misconduct, responses should be undertaken,
chosen in accordance with the apparent magnitude of the misconduct. Responses may be
applied separately or combined, and their implementation should depend on the
circumstances of the case as well as the responses of the participating parties and
institutions. The following options are ranked in approximate order of severity:

A letter of explanation (and education) sent only to the person against whom the
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complaint is made, where there appears to be a genuine and innocent misunderstanding
of principles or procedure.

A letter of reprimand to the same party, warning of the consequences of future such
instances, where the misunderstanding appears to be not entirely innocent.

A formal letter as above, including a written request to the supervising institution that a
investigation be carried out and the findings of that inquiry reported in writing to the
journal.

Publication of a notice of redundant or duplicate publication or plagiarism, if appropriate
(and unequivocally documented). Such publication will not require approval of authors,
and should be reported to their institution.

Formal withdrawal or retraction of the paper from the scientific literature, published in
the journal, informing readers and the indexing authorities (National Library of Medicine,
etc), if there is a formal finding of misconduct by an institution. Such publication will not
require approval of authors, should be reported to their institution, and should be readily
visible and identifiable in the journal. It should also meet other requirements established
by the International Committee of Journal Editors(www.icmje.org/#correct, accessed
12/2/03). It is recommended that editors inform readers and authors of their reservation
of the right to publish a retraction if it meets these conditions, thereby helping decrease
arguments with authors.

Editors or reviewers who are found to have engaged in scientific misconduct should be
removed from further association with the journal, and this fact reported to their institution.

Relation of the Journal to the Sponsoring Society (if applicable)

The journal should have an explicit policy describing its governance and relationship to the
sponsoring society. Editors-in-chief and the owners of their journals both want the journals
to succeed, but they have different roles. The primary responsibilities of the editors-in-chief
are to inform and educate readers, with attention to the accuracy and importance of journal
articles, and to protect and strengthen the integrity and quality of the journal and its
processes. Owners are ultimately responsible for all aspects of publishing the journal,
including its staff, budget, and business policies. The relationship between owners and
editors-in-chief should be based on mutual respect and trust, and recognition of each
other's authority and responsibilities, because conflicts can damage the intellectual integrity
and reputation of the journal and its financial success.

The following are guidelines for protecting the responsibility and authority of editors-in-chief
and owners:

The conditions of the editors-in-chief's employment, including authority, responsibilities,
term of appointment, and mechanisms for resolving conflict, should be explicitly stated
and approved by both editor and owners before the editor is appointed.

Editors-in-chief should have full authority over the editorial content of the journal,
generally referred to as "editorial independence." Owners should not interfere in the
evaluation, selection, or editing of individual articles, either directly or by creating an
environment in which editorial decisions are strongly influenced.

Editorial decisions should be based mainly on the validity of the work and its importance
to readers, not the commercial success of the journal. Editors should be free to express
critical but responsible views about all aspects of medicine without fear of retribution,
even if these views might conflict with the commercial goals of the publisher. To maintain
this position, editors should seek input from a broad array of advisors, such as reviewers,
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editorial staff, an editorial board, and readers.

Editors-in-chief should establish procedures that guard against the influence of
commercial and personal self-interest on editorial decisions.

Owners have the right to hire and fire editors-in-chief, but they should dismiss them only
for substantial reasons, such as a pattern of irresponsible editorial decisions, scientific
misconduct, disagreement with the long-term editorial direction of the journal, or
personal behavior (such as criminal acts), that are incompatible with a position of trust.
Furthermore it is preferable that any evaluation on which hiring or firing is based should
be performed by a panel of independent experts, rather than a small number of
executives of the owning organization.

Editors-in-chief should report to the highest governing body of the owning organization,
not its administrative officers. Major decisions regarding the editor's employment should
be made by this body with open discussion and time to hear from all interested parties.
Some owners have found it useful to appoint an independent board to advise them on
major decisions regarding their editor and journal.

Editors should resist any actions that might compromise these principles in their journals,
even if it places their own position at stake. If major transgressions do occur, editors
should participate in drawing them to the attention of the international medical
community.
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Did Lax Laboratory Safety Practices Kill This
UCLA Chemist?
In her first year out of college, Sheri Sangji was fatally burned at work. Will her death teach
academics to protect their lab staff?

By Jim Morris | Sat Jul. 28, 2012 8:39 AM PDT

Sheri Sangji was on fire instantly. The 23-year-old research associate had accidentally pulled the

plunger out of a syringe while conducting an experiment in a UCLA laboratory. In the syringe was a

solution that would combust upon contact with air. It spilled onto Sangji's hands and body. 

She wasn't wearing a lab coat; no one had told her to. The fire burned through her gloves, then her

hands. She inhaled toxic, superheated gases given off by her burning polyester sweater, a process that

accelerated as she ran and screamed.

It was the afternoon of December 29, 2008. Campus was mostly quiet for the holidays, but chemistry

professor Patrick Harran's team was at work. He was in his office, one floor up from Room 4221 of

the Molecular Sciences Building, where at his direction Sangji had been trying to produce a chemical

that held promise as an appetite suppressant. She was unsupervised.

Two postdoctoral fellows were nearby when Sangji caught fire. One ran upstairs to summon Harran;

the other tried to smother the fire with his lab coat. He didn't think to put Sangji under an emergency

shower a few feet away. By now, deep burns covered almost half her body.

Harran found Sangji "sitting on the floor," her clothes "either caked to her or burned off," he later told

an investigator. Eighteen days later, on January 16, 2009, Sangji died from her wounds.

"Sheri was a young girl who was working in a laboratory in one of the largest and most prestigious

universities in the world," says Sangji's older sister, Naveen, now a surgical resident in Boston. "There

should be no safer place for someone to go to work. Instead, she never got to come back home."
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An unprecedented prosecution

In December 2011, the Los Angeles County district attorney filed a criminal complaint [1] against

Harran and the regents of the University of California alleging "willful violation of an occupational

safety and health standard causing the death of an employee"—the first time an American university

professor had been accused of a felony in connection with the death of a worker.

On Friday, the criminal case against the university regents was dropped after they agreed to establish a

$500,000 scholarship fund in Sangji's name at the University of California-Berkeley. They also

promised to implement new safety measures, including requiring all of UCLA's principal

investigators, such as Harran, and their lab employees to complete a safety training program within 60

days. The criminal case against Harran, who faces up to 4 1/2 years in jail, continues; his arraignment

was postponed until September 5.

But Sangji's death has had effects far beyond those court cases. Faculty members, department heads

and deans across the country have followed the developments with consternation: Might they, too, be

criminally liable if something happened in one of their labs? "The district attorney got the attention of

every research institution in the United States," says Harry Elston, editor of the Journal of Chemical

Health and Safety.

Harran, 42, did not respond to interview requests from the Center for Public Integrity and the Center

for Investigative Reporting. In a 2009 statement [2] to the Los Angeles Times, he called Sangji's death

a "tragic accident" and explained, "Sheri was an experienced chemist and published researcher who

exuded confidence and had performed this experiment before in my lab. Sheri had previous

experience handling pyrophorics, chemicals that burn upon exposure to air, even before she arrived at

UCLA…However, it seems evident, based on mistakes investigators tell us were made that day, I

underestimated her understanding of the care necessary when working with such materials."

UCLA officials declined interview requests, pointing to a written statement [3] issued by university

Chancellor Gene Block in January. "Sheri Sangji's death was strongly felt by everyone at UCLA, and

we were deeply saddened by the loss of a member of our community," Block wrote. "I made a pledge
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then that we would go above and beyond existing policies and regulations to become a model of

campus safety. And we have."

Documents used to build the criminal case against Harran and the regents paint a vivid picture of the

events leading up to the accident at UCLA. And investigations undertaken since Sangji's death raise

questions about safety at academic laboratories across the country. The American Chemical Society, a

professional association for chemists, recently unveiled a draft report [4] recommending ways to

change the "safety culture" in academia, where labs are stocked with students and other young

workers. The study, its authors wrote, was prompted by "devastating incidents in academic

laboratories and observations, by many, that university and college graduates do not have strong

safety skills." Last fall, following a serious 2010 accident at Texas Tech University, the US Chemical

Safety Board released a report [5] stating that it was "greatly concerned" by the frequency of such

accidents. The board said it had documented 120 in university labs since 2001, and identified "safety

gaps" that threatened more than 110,000 graduate students and postdoctoral researchers in the US. 

"A scientist's scientist"

Sheri Sangji was raised in Karachi, Pakistan, and graduated from Pomona College in Southern

California in May 2008. A superior student and athlete, she earned a degree in chemistry but had no

plans to make a career in the field. "She was a very dynamic person with lots of interests, a lot of

spark," says her sister Naveen, 29, also a Pomona graduate. "She was interested in the environment,

women's rights, minorities' rights."

Sheri took a job with a pharmaceutical company outside of Los Angeles, hoping to save money for

law school. She was intrigued by an ad Harran placed for a research associate at UCLA. The idea of

working for a "rising star" in organic chemistry appealed to her, Naveen says. 

When Sangji interviewed for the job in September 2008, Harran

was impressed. Sangji "was very familiar with analytical

instrumentation of the type that I really wanted her to focus on,

which was great," Harran later told [6] Brian Baudendistel, who

investigated the accident for California's Division of Occupational
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Safety and Health (Cal/OSHA). "I asked her if she was comfortable

with general techniques and properties of organic chemistry. And I

asked her if she worked with air-sensitive materials…Just how

generally comfortable she was in the laboratory. That's what we

spent most of our time on, and she left. And, you know, I loved her.

I thought she was fabulous."

Sangji began work on October 13. Four days later, Harran watched

her perform a small-scale experiment using tert-Butyllithium solution, a chemical its manufacturer,

Sigma-Aldrich, describes as follows: "Reacts violently with water. Contact with water liberates

extremely flammable gases. Spontaneously flammable in air. Causes burns."

Sangji did a "great job" on the experiment, Harran told Baudendistel, and had knowledge of chemistry

beyond her years. "She had published in top peer-reviewed journals with very well-known

researchers…She stood out." Harran acknowledged, however, that Sangji did not receive generalized

safety training. "I believe my assistant told me that it was not offered for her category per se, although

we were going to follow up on that." He also said that no fire-resistant clothing was available to lab

employees at the time of the accident.

Harran had been recruited to UCLA from the University of Texas-Southwestern Medical Center in

Dallas, where he'd spent nearly 11 years and won a number of honors. According to Steven

McKnight, chairman of the biochemistry department at UT Southwestern, Harran "built a very strong

laboratory and proceeded to make a number of really nice discoveries in the field of synthetic

chemistry." Harran and a colleague, Xiaodong Wang, developed a chemical that causes cancer cells to

kill themselves. They published a paper on the breakthrough in Science magazine.

A graduate of Skidmore College and Yale, Harran was "a scientist's scientist," McKnight says. "He

really wanted to dig in and make discoveries of consequence. When he went to UCLA it was a

heartbreaker."

A violent reaction

UCLA pursued Harran aggressively, offering him a budget of $3.2 million to set up a state-of-the-art
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The bottle Sangji held during the accident CPI

organic chemistry lab on the fifth floor of the Molecular Sciences Building. He and his team were

given temporary space on the fourth floor while renovations were made upstairs.

On October 30, 2008, UCLA chemical safety officer Michael Wheatley conducted an annual

inspection [7] of the fourth-floor labs. Wheatley found a number of deficiencies, one particularly

relevant to events that would soon unfold: "Eye protection, nitrile [synthetic rubber] gloves and lab

coats were not worn by laboratory personnel."

In an email [8] on November 5, Wheatley asked Harran when they could meet to discuss the findings.

"Is it possible to wait until we get settled on the 5th floor?" Harran replied a week later. "That would

make for a better meeting—our labs on 4 are overcrowded and disorganized. I wasn't planning to be

in temporary space for this long." Wheatley agreed to the delay.

On December 29, a Monday, Sheri Sangji reported for work on the fourth floor. Harran wanted her to

replicate a chemical reaction she'd performed on October 17, but on a scale three times larger. Around

1 p.m., Sangji was using a 60-millileter plastic syringe with a 2-inch needle to transfer

tert-Butyllithium from a bottle.

The needle was too short; the manufacturer

recommends using one at least a foot long.

Cal/OSHA's Baudendistel theorized that the

smaller needle forced Sangji to tilt or lay the

bottle on its side, awkwardly withdrawing the

liquid with one hand while holding the bottle

with the other. Had the needle been long

enough, she could have clamped the bottle,

upright, to the workbench, a less risky

procedure. Safer still would have been the

"cannula technique," where an inert gas like

nitrogen is used to push a liquid through a tube

from one container to another.
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Sangji accidentally pulled out the plunger of the syringe, spilling the solution and triggering a flash

fire. Had she been wearing a fire-resistant lab coat, her burns might have been less severe. In fact, she

was wearing no lab coat, not even a cotton one.

At the time there was no university policy requiring such protection. "That policy has been put in

place since the accident," Harran told Baudendistel. Requisition forms from the UCLA Department of

Chemistry and Biochemistry show that fire-resistant lab coats were, in fact, ordered after the accident,

at a cost of $45.05 each.

In an interview [9] with a deputy UCLA fire marshal, Harran described what he saw before the

paramedics arrived: Sheri "was, you know, she was in shock…she was shaking. I asked her what

happened. She didn't tell me much. She just said there was a fire, and she just kept asking, 'Where are

they, where are they, where are they?'…She wanted water on her arms, and she was holding her hands

out like this, and the skin was separating. It was awful."

 

Sangji was taken to the hospital. Shortly after 4 p.m. Pacific time, Naveen Sangji’s cellphone rang in

Boston. Then a medical student at Harvard, she assumed her sister was calling to tell her about

another law school acceptance letter. They had been coming regularly.

It was a hospital social worker, using Sheri’s phone. Naveen caught a flight to Los Angeles early the

next morning and went straight to the burn center to which her sister had been transffered. “Her arms

were suspended from the ceiling to keep them in a certain position, all wrapped with bandages,”

Naveen says. “The only part of her that I could see was her face.” Her sister would die less than three

weeks later.

"Willful violation"

In the months to follow, Naveen pressed UCLA officials for details on the accident. She found the

responses wanting. The university, she felt, was trying to make it appear that Sheri was an

experienced chemist, and that the fire was her fault.

Cal/OSHA began one investigation shortly after the accident but before Sheri's death; it resulted in
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four citations [10] and a $31,875 fine against UCLA in May 2009. 

On June 17, 2009, a month after the citations, Chancellor Block

replyed to an email from Naveen. He recalled [11] "the elegant and

successful way" Sheri had performed the tert-Butyllithium

experiment the previous October. Block wrote that the "campus

believes…that many corrective measures ordered by our inspectors

were taken before the tragic accident, though they were not

properly documented." Cal/OSHA, he noted, "found no willful

violations of regulations or laws by UCLA personnel. Neither

[chemistry department chair Al] Courey nor Dr. Harran were in the lab the day of the tragedy and did

not have the opportunity to remind Sheri to put on her lab coat."

In his interview with the deputy fire marshal, however, Harran—the lab’s principal investigator, or

PI—admitted that his safety policies were less than rigid. Harran said he "never explicitly" told his

senior employees, such as postdoctoral fellows, to make sure subordinates were wearing protective

equipment.

Sangji is not the only UCLA lab worker who suffered serious burns in recent years. In November

2007, a graduate chemistry student named Matthew Graf caught fire after spilling a bottle of alcohol

near an open flame. He also wasn’t wearing a lab coat and sustained second-degree burns to his hands

and torso. He spent a week in a burn center, and underwent surgery to repair his hands. Cal/OSHA

didn’t learn about the accident until nearly two years after the fact and cited [12] UCLA for failing to

report it; the university is contesting the citation.

And on December 22, 2008, one week before Sangji was burned, another graduate chemistry student,

Jonah Chung, sustained burns and cuts when the equipment he was working on "detonated, causing

glass, hot oil, and chemicals to strike his face and torso," investigator Baudendistel wrote. Chung,

who sustained burns and cuts "was not wearing a lab coat, gloves, nor appropriate eye protection…at

the time of the incident."

In Naveen Sangji’s view, the fine in her sister's case was sorely insufficient. So she was relieved and
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gratified when Baudendistel issued his

95-page report [13] in December 2009,

concluding that "the laboratory safety

policies and practices utilized by UCLA

prior to Victim Sangji’s death, were so

defective as to render the University’s

required Chemical Hygiene Plan and

Injury and Illness Prevention Program

essentially non-existent." There had been

"a systemic breakdown of overall

laboratory safety practices at UCLA," he

wrote.

"Dr. Harran," Baudendistel concluded in

the report, "permitted Victim Sangji to

work in a manner that knowingly caused her to be exposed to a serious and foreseeable risk of serious

injury or death."

Baudendistel referred the Harran case to criminal prosecutors, as is Cal/OSHA’s practice when it

believes it has evidence of gross employer misconduct. While about a third of such referrals result in

charges, Harran wasn’t a foreman on a trenching job or the owner of a roofing company. He was an

award-winning chemistry professor with the backing of a powerful university.  He could be expected

to fight back—vigorously.

Baudendistel recommended that Harran and UCLA be charged with involuntary manslaughter and

felony labor code violations. But when the Los Angeles District Attorney's office did file its felony

complaint, this past December, the manslaughter charge was absent, leaving only willful violation of

the state labor code.

Hard questions

Chemists and safety consultants were stunned. Across academia and private industry, the Sangji case
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had already set off debate; bloggers [14] and journal editors had written about it. The filing of the

complaint took the discussion to another level. Uncomfortable questions followed: Were some

principal investigators so obsessed with publishing papers, securing grants, and winning prizes that

they’d lost sight of their responsibility to keep employees and students from being hurt?

"Each lab is like an island where the PI is king," says Paul Bracher, a postdoctoral researcher in

chemistry at Caltech who writes a blog called ChemBark [15]. "He provides for the lab, brings in

grants, decides how the money is spent. There are a lot of demands on their time, and the safety stuff a

lot of times gets lost in the shuffle.

"I’ve never heard of anyone getting fired for being unsafe," adds Bracher, whose trachea was pierced

by flying glass in an undergraduate lab accident 12 years ago.

The US Chemical Safety Board has identified academic "fiefdoms" as being partly to blame for

accidents like the one that killed Sangji. Its fall 2011 report [5] concluded that at "academic research

institutions, PIs may view laboratory inspections by an outside entity as infringing upon their

academic freedom." The board recommended that the US Occupational Safety and Health

Administration revise its lab standard [16], which focuses on dangers from exposure to hazardous

chemicals, to make clear that physical hazards also must be controlled. 

UCLA, for its part, has created a Center for Laboratory Safety [17] which, Chancellor Block said in

his January statement [3], will "identify and institute best practices in safety, going beyond the

minimum requirements of outside agencies so that we can hold our laboratories to even higher

standards. We also dramatically increased the number of lab inspections, strengthened our policy on

the required use of personal protective equipment and developed a hazard-assessment tool that labs

must update annually or whenever conditions change."

The real-world impacts of these changes remain to be seen. "I think the university is trying," says Rita

Kern, a staff research associate in the UCLA Department of Medicine who sits on the health and

safety committee of University Professional and Technical Employees, Communications Workers of

America Local 9119 (UPTE), the union to which Sheri Sangji belonged. "Some things have changed,

but it’s like turning a big boat in the middle of the ocean. It doesn’t turn very fast."
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Indeed, after two inspections in the 14 months following Sangji’s death, Cal/OSHA cited [18] UCLA

for 16 lab safety violations. Five were classified as "serious" and one as "repeat serious." The

university paid a $36,690 fine.

Ryan Marcheschi, a postdoctoral fellow in the UCLA chemical and biomolecular engineering

department who works with flammable and explosive compounds, says the university has "tightened

up" on safety since the Sangji accident, though much of this has come in the form of increased

paperwork. When he learned that the criminal complaint had been filed against Harran, "I thought it

was extreme," Marcheschi says. "But then I thought, maybe that’s what’s needed to make policies

change."

UPTE's health and safety director, Joan Lichterman, gives the district attorney's settlement agreement

with the UC regents a mixed rating. Lichterman likes the fact that PIs at UCLA no longer will be able

to operate labs or supervise anyone without first completing safety training. But she doesn't

understand why the agreement ends after four years.

"Why only four years and not in perpetuity?" she asks.

The Center for Public Integrity is a non-profit, non-partisan independent investigative news outlet.

For more of its stories go to www.iwatchnews.org [19]. This story was done in collaboration with the

Center for Investigative Reporting.
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1. INTRODUCTION AND GENERAL CONCLUSIONS

This meeting was organized to review scientific progress in
research on recombinant DNA molecules and to discuss
appropriate ways to deal with the potential biohazards of this
work. Impressive scientific achievements have already been
made in this field and these techniques have a remarkable
potential for furthering our understanding of fundamental
biochemical processes in pro- and eukaryotic cells. The use of
recombinant DNA methodology promises to revolutionize the
practice of molecular biology. Although there has as yet been
no practical application of the new techniques, there is every
reason to believe that they will have significant practical
utility in the future.
Of particular concern to the participants at the meeting

was the issue of whether the pause in certain aspects of
research in this area, called for by the Committee on Re-
combinant DNA Molecules of the National Academy of
Sciences, U.S.A. in the letter published in July, 1974**
should end; and, if so, how the scientific work could be under-
taken with minimal risks to workers in laboratories, to the
public at large, and to the animal and plant species sharing
our ecosystems.
The new techniques, which permit combination of genetic

information from very different organisms, place us in an
area of biology with many unknowns. Even in the present,
more limited conduct of research in this field, the evaluation
of potential biohazards has proved to be extremely difficult.
It is this ignorance that has compelled us to conclude that it
would be wise to exercise considerable caution in performing
this research. Nevertheless, the participants at the Conference
agreed that most of the work on construction of recombinant
DNA molecules should proceed provided that appropriate
safeguards, principally biological and physical barriers ade-

* Summary statement of the report submitted to the Assembly of
Life Sciences of the National Academy of Sciences and approved
by its Executive Committee on 20 May 1975.
Requests for reprints should be addressed to: Division of Medical
Sciences, Assembly of Life Sciences, National Academy of
Sciences, 2101 Constitution Avenue, N.W., Washington, D.C.
20418.
** Report of Committee on Recombinant DNA Molecules:
"Potential Biohazards of Recombinant DNA Molecules," Proc.
Nat. Acad. Sci. USA 71, 2593-2594, 1974.
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quate to contain the newly created organisms, are employed.
Moreover, the standards of protection should be greater at
the beginning and modified as improvements in the method-
ology occur and assessments of the risks change. Furthermore,
it was agreed that there are certain experiments in which the
potential risks are of such a serious nature that they ought
not to be done with presently available containment facilities.
In the longer term, serious problems may arise in the large
scale application of this methodology in industry, medicine,
and agriculture. But it was also recognized that future re-
search and experience may show that many of the potential
biohazards are less serious and/or less probable than we now
suspect.

IX. PRINCIPLES GUIDING THE RECOMMENDATIONS
AND CONCLUSIONS

Although our assessments of the risks involved with each of
the various lines of research on recombinant DNA molecules
may differ, few, if any, believe that this methodology is free
from any risk. Reasonable principles for dealing with these
potential risks are: (i) that containment be made an essential
consideration in the experimental design and, (ii) that the
effectiveness of the containment should match, as closely as
possible, the estimated risk. Consequently, whatever scale of
risks is agreed upon, there should be a commensurate scale of
containment. Estimating the risks will be difficult and in-
tuitive at first but this will improve as we acquire additional
knowledge; at each stage we shall have to match the potential
risk with an appropriate level of containment. Experiments
requiring large scale operations would seem to be riskier than
equivalent experiments done on a small scale and, therefore,
require more stringent containment procedures. The use of
cloning vehicles or vectors (plasmids, phages) and bacterial
hosts with a restricted capacity to multiply outside of the
laboratory would reduce the potential biohazard of a par-
ticular experiment. Thus, the ways in which potential bio-
hazards and different levels of containment are matched may
vary from time to time, particularly as the containment
technology is improved. The means for assessing and balanc-
ing risks with appropriate levels of containment will need to
be reexamined from time to time. Hopefully, through both
formal and informal channels of information within ind be-
tween the nations of the world, the way in which potential
biohazards and levels of containment are matched would be
consistent.
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Containment of potentially biohazardous agents can be
achieved in several ways. The most significant contribution to
limiting the spread of the recombinant DNAs is the use of
biological barriers. These barriers are of two types: (i) fas-
tidious bacterial hosts unable to survive in natural environ-
ments, and (ii) nontransmissible and equally fastidious vec-
tors (plasmids, bacteriophages, or other viruses) able to
grow only in specified hosts. Physical containment, ex-
emplified by the use of suitable hoods, or where applicable,
limited access or negative pressure laboratories, provides an
additional factor of safety. Particularly important is strict
adherence to good microbiological practices which, to a large
measure can limit the escape of organisms from the experi-
mental situation, and thereby increase the safety of the
operation. Consequently, education and training of all per-
sonnel involved in the experiments is essential to the effec-
tiveness of all containment measures. In practice, these
different means of containment will complement one another
and documented substantial improvements in the ability to
restrict the growth of bacterial hosts and vectors could permit
modifications of the complementary physical containment
requirements.

Stringent physical containment and rigorous laboratory
procedures can reduce but not eliminate the possibility of
spreading potentially hazardous agents. Therefore, investi-
gators relying upon "disarmed" hosts and vectors for addi-
tional safety must rigorously test the effectiveness of these
agents before accepting their validity as biological barriers.

1II. RECOMMENDATIONS FOR MATCHING TYPES OF
CONTAINMENT WITH TYPES OF EXPERIMENTS

No classification of experiments as to risk and no set of con-
tainment procedures can anticipate all situations. Given our
present uncertainties about the hazards, the parameters
proposed here are broadly conceived and meant to provide
provisional guidelines for investigators and agencies con-
cerned with research on recombinant DNAs. However, each
investigator bears a responsibility for determining whether,
in his particular case, special circumstances warrant a higher
level of containment than is suggested here.

A. Types of containment

1. Minimal Risk. This type of containment is intended for
experiments in which the biohazards may be accurately
assessed and are expected to be minimal. Such containment
can be achieved by following the operating procedures recom-
mended for clinical microbiological laboratories. Essential
features of such facilities are no drinking, eating, or smoking
in the laboratory, wearing laboratory coats in the work area,
the use of cotton-plugged pipettes or preferably mechanical
pipetting devices, and prompt disinfection of contaminated
materials.

2. Low Risk. This level of containment is appropriate for
experiments which generate novel biotypes but where the
available information indicates that the recombinant DNA
cannot alter appreciably the ecological behavior of the re-
cipient species, increase significantly its pathogenicity, or
prevent effective treatment of any resulting infections. The
key features of this containment (in addition to the minimal
procedures mentioned above) are a prohibition on mouth

use of biological safety cabinets for procedures likely to
produce aerosols (e.g., blending and sonication). Though
existing vectors may be used in conjunction with low risk
procedures, safer vectors and hosts should be adopted as they
become available.

3. Moderate Risk. Such containment facilities are intended
for experiments in which there is a probability of generating
an agent with a significant potential for pathogenicity or
ecological disruption. The principle features of this level of
containment, in addition to those of the two preceding classes,
are that transfer operations should be carried out in biological
safety cabinets (e.g., laminar flow hoods), gloves should be
worn during the handling of infectious materials, vacuum
lines must be protected by filters, and negative pressure
should be maintained in the limited access laboratories.
Moreover, experiments posing a moderate risk must be done
only with vectors and hosts that have an appreciably impaired
capacity to multiply outside of the laboratory.

4. High Risk. This level of containment is intended for
experiments in which the potential for ecological disruption or
pathogenicity of the modified organism could be severe and
thereby pose a serious biohazard to laboratory personnel or
the public. The main features of this type of facility, which
was designed to contain highly infectious microbiological
agents, are its isolation from other areas by air locks, a
negative pressure environment, a requirement for clothing
changes and showers for entering personnel, and laboratories
fitted with treatment systems to inactivate or remove bio-
logical agents that may be contaminants in exhaust air and
liquid and solid wastes. All persons occupying these areas
should wear protective laboratory clothing and shower at
each exit from the containment facility. The handling of
agents should be confined to biological safety cabinets in
which the exhaust air is incinerated or passed through Hepa
filters. High risk containment includes, in addition to the
physical and procedural features described above, the use of
rigorously tested vectors and hosts whose growth can be
confined to the laboratory.

B. Types of experiments

Accurate estimates of the risks associated with different
types of experiments are difficult to obtain because of our
ignorance of the probability that the anticipated dangers
will manifest themselves. Nevertheless, experiments involving
the construction and propagation of recombinant DNA
molecules using DNAs from (i) prokaryotes, bacteriophages,
and other plasmids, (ii) animal viruses, and (iii) eukaryotes
have been characterized as minimal, low, moderate, and high
risks to guide investigators in their choice of the appropriate
containment. These designations should be viewed as interim
assignments which will need to be revised upward or down-
ward in the light of future experience.
The recombinant DNA molecules themselves, as distinct

from cells carrying them, may be infectious to bacteria or
higher organisms. DNA preparations from these experiments,
particularly in large quantities, should be chemically in-
activated before disposal.

1. Prokaryotes, Bacteriophages, and Bacterial Plasmids.
Where the construction of recombinant DNA molecules and
their propagation involves prokaryotic agents that are known
to exchange genetic information naturally, the experiments

Proc. Nat. Acad. Sci. USA 72 (1975)
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can be performed in minimal risk containment facilities.
Where such experiments pose a potential hazard, more
stringent containment may be warranted.
Experiments involving the creation and propagation of

recombinant DNA molecules from DNAs of species that
ordinarily do not exchange genetic information, generate
novel biotypes. Because such experiments may pose bio-
hazards greater than those associated with the original organ-
isms, they should be performed, at least, in low risk contain-
ment facilities. If the experiments involve either pathogenic
organisms or genetic determinants that may increase the
pathogenicity of the recipient species, or if the transferred
DNA can confer upon the recipient organisms new metabolic
activities not native to these species and thereby modify its
relationship with the environment, then moderate or high
risk containment should be used.
Experiments extending the range of resistance of established

human pathogens to therapeutically useful antibiotics or dis-
infectants should be undertaken only under moderate or high
risk containment, depending upon the virulence of the
organism involved.

2. Animal Viruses. Experiments involving linkage of viral
genomes or genome segments to prokaryotic vectors and their
propagation in prokaryotic cells should be performed only
with vector-host systems having demonstrably restricted
growth capabilities outside the laboratory and with moderate
risk containment facilities. Rigorously purified and character-
ized segments of non-oncogenic viral genomes or of the de-
monstrably non-transforming regions of oncogenic viral DNAs
can be attached to presently existing vectors and propagated
in moderate risk containment facilities; as safer vector-host
systems become available such experiments may be performed
in low risk facilities.
Experiments designed to introduce or propagate DNA from

non-viral or other low risk agents in animal cells should use
only low risk animal DNAs as vectors (e.g., viral, mitochon-
drial) and manipulations should be confined to moderate risk
containment facilities.

3. Eukaryotes. The risks associated with joining random
fragments of eukaryote DNA to prokaryotic DNA vectors
and the propagation of these recombinant DNAs in pro-
karyotic hosts are the most difficult to assess.
A priori, the DNA from warm-blooded vertebrates is more

likely to contain cryptic viral genomes potentially pathogenic
for man than is the DNA from other eukaryotes. Conse-
quently, attempts to clone segments of DNA from such
animal and particularly primate genomes should be performed
only with vector-host systems having demonstrably re-
stricted growth capabilities outside the laboratory and in a
moderate risk containment facility. Until cloned segments of
warm-blooded vertebrate DNA are completely characterized,
they should continue to be maintained in the most restricted
vector-host system in moderate risk containment laboratories;
when such cloned segments are characterized, they may be
propagated as suggested above for purified segments of
virus genomes.

Unless the organism makes a product known to be danger-
ous (e.g., toxin, virus), recombinant DNAs from cold-blooded
vertebrates and all other lower eukaryotes can be constructed
and propagated with the safest vector-host system available
in low risk containment facilities.

Purified DNA from any source that performs known func-
tions and can be judged to be non-toxic, may be cloned with
currently available vectors in low risk containment facilities.
(Toxic here includes potentially oncogenic products or sub-
stances that might perturb normal metabolism if produced
in an animal or plant by a resident microorganism.)

4. Experiments to be Deferred. There are feasible experi-
ments which present such serious dangers that their perform-
ance should not be undertaken at this time with the currently
available vector-host systems and the presently available
containment capability. These include the cloning of re-
combinant DNAs derived from highly pathogenic organisms
(i.e., Class III, IV, and V etiologic agents as classified by the
United States Department of Health, Education and Welfare),
DNA containing toxin genes, and large scale experiments
(more than 10 liters of culture) using recombinant DNAs that
are able to make products potentially harmful to man,
animals, or plants.

IV. IMPLEMENTATION

In many countries steps are already being taken by national
bodies to formulate codes of practice for the conduct of ex-
periments with known or potential biohazard.tt,T$ Until
these are established, we urge individual scientists to use the
proposals in this document as a guide. In addition, there are
some recommendations which could be immediately and
directly implemented by the scientific community.

A. Development of safer vectors and hosts

An important and encouraging accomplishment of the meeting
was the realization that special bacteria and vectors which
have a restricted capacity to multiply outside the laboratory
can be constructed genetically, and that the use of these
organisms could enhance the safety of recombinant DNA
experiments by many orders of magnitude. Experiments
along these lines are presently in progress and in the near
future, variants of X bacteriophage, non-transmissible plas-
mids, and special strains of Escherichia coli wvill become
available. All of these vectors could reduce the potential bio-
hazards by very large factors and improve the methodology as
well. Other vector-host systems, particularly modified strains
of Bacillus subtilis and their relevant bacteriophages and
plasmids, may also be useful for particular purposes. Quite
possibly safe and suitable vectors may be found for eukaryotic
hosts such as yeast and readily cultured plant and animal
cells. There is likely to be a continuous development in this
area and the participants at the meeting agreed that improved
vector-host systems which reduce the biohazards of recom-
binant DNA research will be made freely available to all
interested investigators.

B. Laboratory procedures

It is the clear responsibility of the principal investigator to
inform the staff of the laboratory of the potential hazards of

tt Advisory Board for the Research Councils, "Report of the
Working Party on the Experimental TManipulation of the Genetic
Composition of 'Micro-Organisms. Presented to Parliament by
the Secretary of State for Education and Science by Command
of Her Majesty, January 1975." London: Her Majesty's Sta-
tionery Office, 1975, 23pp.
At National Institutes of Health Recombinant DNA Molecule
Program Advisory Committee.

Proc. Nat. Acad. Sci. USA 72 (1975)



1984 Summary Statement: Berg et al.

such experiments before they are initiated. Free and open
discussion is necessary so that each individual participating in
the experiment fully understands the nature of the experiment
and any risk that might be involved. All workers must be
properly trained in the containment procedures that are de-
signed to control the hazard, including emergency actions in
the event of a hazard. It is also recommended that appropriate
health surveillance of all personnel, including serological
monitoring, be conducted periodically.

C. Education and reassessment

Research in this area will develop very quickly and the
methods will be applied to many different biological problems.
At any given time it is impossible to foresee the entire range
of all potential experiments and make judgments on them.
Therefore, it is essential to undertake a continuing reassess-
ment of the problems in the light of new scientific knowledge.
This could be achieved by a series of annual workshops and
meetings, some of which should be at the international level.
There should also be courses to train individuals in the
relevant methods since it is likely that the work will be taken
up by laboratories which may not have had extensive ex-
perience in this area. High priority should also be given to
research that could improve and evaluate the containment
effectiveness of new and existing vector-host systems.

V. NEW KNOWLEDGE

This document represents our first assessment of the potential
biohazards in the light of current knowledge. However, little
is known about the survival of laboratory strains of bacteria
and bacteriophages in different ecological niches in the outside

world. Even less is known about whether recombinant DNA
molecules will enhance or depress the survival of their vectors
and hosts in nature. These questions are fundamental to the
testing of any new organism that may be constructed. Re-
search in this area needs to be undertaken and should be given
high priority. In general, however, molecular biologists who
may construct DNA recombinant molecules do not undertake
these experiments and it will be necessary to facilitate col-
laborative research between them and groups skilled in the
study of bacterial infection or ecological microbiology. Work
should also be undertaken which would enable us to monitor
the escape or dissemination of cloning vehicles and their hosts.
Nothing is known about the potential infectivity in higher

organisms of phages or bacteria containing segments of
eukaryotic DNA and very little about the infectivity of the
DNA molecules themselves. Genetic transformation of bac-
teria does occur in animals, suggesting that recombinant
DNA molecules can retain their biological potency in this
environment. There are many questions in this area, the
answers to which are essential for our assessment of the bio-
*hazards of experiments with recombinant DNA molecules.
It will be necessary to ensure that this work will be planned
and carried out; and it will be particularly important to have
this information before large scale applications of the use of
recombinant DNA molecules is attempted.

The work of the committee was assisted by the National
Academy of Sciences-National Research Council Staff: Artemis
P. Simopoulos (Executive Secretary) and Elena 0. Nightingale
(Resident Fellow), Division of Medical Sciences, Assembly of
Life Sciences, and supported by the National Institutes of
Health (Contract NO1-OD-5-2103) and the National Science
Foundation (Grant GBMS75-05293).
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In the fall of 2001, just weeks after the trauma 

of 11 September, letters laced with powdered 

anthrax caused death and panic in the United 

States. Ever since, biological scientists have 

debated whether, one day, the need to keep 

sensitive information from aspiring bioterror-

ists would force them to impose new limits on 

the academic openness they had long taken 

for granted.

A decade later, that day appears to have 

arrived. Just before Christmas, the U.S. gov-

ernment announced that a biosecurity advi-

sory board had asked two research teams 

to strike key details from papers in press at 

Science and Nature. The studies describe 

how researchers made the deadly H5N1 

avian infl uenza more transmissible between 

mammals—possibly providing a blue-

print on how to set off a fl u pandemic. The 

researchers and the journals agreed, but only 

if the U.S. government comes up with a sys-

tem that allows “responsible” scientists to 

see the deleted information, which public 

health experts say could be crucial to mon-

itoring H5N1 outbreaks and developing 

drugs and vaccines.

The unprecedented decision by the 

National Science Advisory Board for Bio-

security (NSABB) has sparked fi erce criticism 

and strong support. And the episode has impli-

cations far beyond a couple of paragraphs in a 

pair of papers. Already, senior U.S. offi cials 

are scrambling to develop new, tougher over-

sight procedures for evaluating and possibly 

blocking potentially risky “dual use” stud-

ies before they begin—reviews that critics 

say the fl u experiments should have received. 

And offi cials are struggling to devise a work-

able system for sharing the redacted details 

with some scientists but not others. “There 

is no perfect solution” to that problem, says 

Anthony Fauci, director of the U.S. National 

Institute of Allergy and Infectious Diseases 

(NIAID) in Bethesda, Mary-

land, which funded the stud-

ies. “There is not even a good 

solution.”

The World Health Orga-

nization (WHO), meanwhile, 

fears that the fallout could 

damage a 2011 global agree-

ment to share infl uenza sam-

ples that was years in the 

making. And NSABB chair 

Paul Keim, a microbial geneti-

cist at Northern Arizona Uni-

versity in Flagstaff, would like 

to see a voluntary moratorium 

on publicizing similar stud-

ies pending international talks 

on how to proceed. “This is 

an Asilomar moment,” Keim 

says, referring to a landmark 1975 meeting 

in Asilomar, California, where, after halt-

ing their research, scientists drew up safety 

guidelines for working with recombinant 

DNA technology.

The studies—led by Ron Fouchier of 

Erasmus MC in Rotterdam, the Netherlands, 

and Yoshihiro Kawaoka of the University of 

Wisconsin, Madison, and the University of 

Tokyo’s Institute of Medical Science—were 

designed to see if changes in H5N1’s genetic 

makeup might make it more capable of jump-

ing from human to human. Kawaoka received 

an NIAID grant in 2006, while Fouchier’s 

work was done under a subcontract for Adolfo 

García-Sastre of Mount Sinai School of Med-

icine in New York City, who runs an NIAID-

funded infl uenza center. 

The studies had not raised eyebrows 

before. Their dual-use aspects “didn’t hit the 

radar screen” of the scientists who reviewed 

the proposals for NIAID, Fauci says, in part 

because “similar types of research looking at 

alteration of transmissibility have been going 

on forever.” University biosafety committees 

in the United States and the Netherlands also 

green-lighted the work; such panels typically 

focus on lab safety, not dual-use aspects.

Little is known about the content of 

Kawaoka’s study, under review by Nature. 

But Fouchier discussed his work, under 

review at Science, at a September meeting in 

Malta. His lab initially tried making the virus 

more transmissible in ferrets—virologists’ 

preferred animal model—by mutating key 

genes. That didn’t work, so researchers tried 

an old method called “passaging”: transfer-

ring the virus from ferret to 

ferret to prod it to adapt. After 

10 iterations, Fouchier’s team 

had a virus that transmitted 

well thanks to fi ve mutations.

When Fouchier’s paper 

arrived at Science, “it was 

obvious” that it needed spe-

cial review, says Editor-in-

Chief Bruce Alberts (who did 

not discuss the paper’s con-

tent with Science’s reporters). 

The journal quickly recruited 

outside specialists, including 

biosecurity experts who serve 

on NSABB.

NSABB itself was first 

Will Flu Papers Lead to 
New Research Oversight?

B I O S E C U R I T Y

“This is an Asilomar 

moment.”

—PAUL KEIM,

NORTHERN ARIZONA 

UNIVERSITY

Game changer? Efforts to make H5N1 (left) trans-

missible in mammals rekindle “dual use” concerns.

Continued on page 22
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alerted to the studies by NIAID staff late last 

summer and received copies of the papers 

in mid-October. The problems were imme-

diately obvious, Keim says. A working 

group of eight voting and a dozen ex offi cio 

members—including White House and 

NIAID staffers—started discussing the papers 

in teleconferences. “It was wham-wham-

wham, three meetings the fi rst week,” Keim 

recalls. In November, the working group made 

its recommendations to the full 25-member 

NSABB. Several more “very, very serious 

discussions” followed, says NSABB mem-

ber Michael Imperiale, a virologist at the Uni-

versity of Michigan, Ann Arbor. “We realized 

that the stakes were very high 

for the life sciences.”

NSABB had been there 

before. In 2005, it had 

approved a controversial 

paper about the resurrection 

of the H1N1 flu strain that 

caused the 1918 pandemic 

(Science, 7 October 2005, 

p. 77). “That was a very dan-

gerous virus, too,” Keim says, 

but for various reasons, the 

H5N1 work seemed even 

more problematic. “Slowly, 

you get to the line where 

something shouldn’t be com-

municated,” he says. “These 

papers exceeded that line in 

our minds.” In the end, the 

board was unanimous: Key 

details had to go.

On 30 November, NSABB members con-

veyed that message to the scientists and jour-

nals. The board, however, has no regulatory 

authority; it only makes recommendations. 

And NSABB’s advice was so general that 

“it took us a while to fi gure out exactly what 

they wanted,” Alberts says. By late Decem-

ber, all sides could announce a deal: The jour-

nals would publish an incomplete description 

of the studies—if the government delivered a 

“transparent plan” for sharing the details. 

Kawaoka and Fouchier went along reluc-

tantly. And many of their colleagues say the 

deal is antithetical to the scientifi c spirit and 

unnecessary. “I think it’s an overreaction,” 

García-Sastre says. Only a small group of 

highly skilled virologists could make use of 

the mutations, he says, and the well-known 

passaging method is “not an ‘Aha!’ idea.” 

Peter Palese, another fl u scientist at Mount 

Sinai, isn’t convinced that ferret studies can 

even predict a fl u strain’s behavior in humans. 

Moreover, highly pathogenic H5N1 has been 

around for a long time, he writes in an e-mail: 

“If it would be so easy to make highly trans-

missible H5N1 viruses, nature would have 

done it already.”

But a senior flu scientist recruited by 

NSABB as a special adviser says the panel did 

the right thing. Robert Webster, 79, of St. Jude 

Children’s Research Hospital in Memphis, 

Tennessee, is the unoffi cial dean of fl u science 

and an expert on H5N1. He believes the stud-

ies were justifi able and publishing their main 

message is essential—which is that H5N1 is a 

global human threat and “not just a problem 

for chickens.” At the same time, “I don’t think 

science should be putting out recipes” for bio-

terrorists, Webster says. 

Now, developing a system to distribute 

the hidden details is just one 

of the “very diffi cult tasks” 

facing U.S. offi cials, Fauci 

says. Fouchier has estimated 

that perhaps 1000 research-

ers at 100 institutes should 

be allowed to see his work, 

for example. But the govern-

ment has few legal means of 

restricting the fl ow of infor-

mation other than outright 

classification, Fauci notes, 

and “NIH does not do clas-

sified research.” Alberts, 

however, is optimistic that 

off icials will f ind some 

“credible method,” perhaps 

a secure Web site or marked 

paper copies that could be 

distributed via embassies.

It won’t work forever, Imperiale predicts. 

“This information will eventually get out one 

way or another. We aren’t deluding ourselves.” 

Even slowing the fl ow, however, will provide 

valuable time to develop countermeasures, 

Imperiale says.

Fauci is also part of a government-wide 

group that is fi ercely haggling over new pro-

cedures for spotting “dual-use research of 

concern” before it starts. NIAID is already 

reviewing funded projects, he says, to make 

sure there are no more “surprises.” But what 

to do about future proposals isn’t clear.

One likely option is expanding a question-

naire-based screening system already in place 

at a few major universities and for government 

researchers within the U.S. National Institutes 

of Health (NIH) and the Centers for Disease 

Control and Prevention. It asks researchers to 

check a box if their study might “enhance the 

harmful consequences of a biological agent or 

toxin,” such as by increasing transmissibility. 

The form is then reviewed by an Institutional 

Biosafety Committee (IBC)—bodies set up 

after Asilomar to oversee DNA research—

which can recommend changes. 

Many researchers and university offi cials 

worry that most IBCs—there are some 700 

in the United States—don’t have the neces-

sary expertise and that broadly worded ques-

tionnaires could hinder research. Studies, 

however, suggest that few projects would get 

fl agged. When NIH screened 3444 intramu-

ral DNA research projects from 2009, for 

instance, it found just two that merited spe-

cial review. “There is no excuse for not doing 

screening,” argues Richard Ebright, a biolo-

gist at Rutgers University in Piscataway, New 

Jersey, and the Howard Hughes Medical Insti-

tute. The two fl u studies, he says, “would have 

been clearly identifi ed as problematic much 

earlier if this process had been followed.”

Clamping down in the United States will 

have little effect elsewhere. Some biosecu-

rity advocates want a global panel to review 

studies that could result in a pathogen with 

pandemic potential; it could be similar to a 

WHO smallpox research panel that can reject 

proposed experiments. At the least, an inter-

national debate should occur, says Keim, 

who believes that in the meantime, scientists 

should neither publish the results of H5N1 

transmissibility studies nor present them at 

meetings. That idea is getting mixed reviews. 

“I don’t think that’s in the best interest of sci-

ence,” says virologist Andrew Pekosz of Johns 

Hopkins University in Baltimore, Mary-

land. A moratorium could “handicap” young 

researchers building their careers, he notes. 

WHO officials, meanwhile, said in a 

30 December statement that they are “deeply 

concerned about the potential negative conse-

quences” of the controversy on global efforts 

to share information about H5N1. After the 

virus started spreading rapidly in 2003, some 

nations complained about WHO’s system for 

sharing viral samples and research benefi ts: 

Indonesia even suspended participation. To 

ease tensions, WHO brokered a new agree-

ment, released in May 2011. Redacting the 

fl u papers could violate that agreement—a 

particularly sensitive issue because WHO 

says it provided the viral samples used by 

Fouchier and Kawaoka.

Meanwhile, some scientists worry that 

the focus on bioterrorism has diverted atten-

tion from a more likely risk: a lab accident 

that could unintentionally release a newly 

created viral strain. Sloppy lab practices in 

Asia, they note, triggered three minioutbreaks 

of the virus that causes SARS. Escape of an 

engineered H5N1 virus, Ebright says, would 

“really raise the question of whether there are 

some studies that aren’t worth the risk.” 

–MARTIN ENSERINK AND DAVID MALAKOFF

“There is no perfect 

solution. There is not 

even a good solution.”
—ANTHONY FAUCI, NIAID

Continued from page 20

Published by AAAS

 o
n 

Ja
nu

ar
y 

21
, 2

01
2

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://www.sciencemag.org/


The fight over flu
A proposal to restrict the planned publication of 

research on a potentially deadly avian influenza virus is 
causing a furore. Ten experts suggest ways to proceed.

RON FOUCHIER &  
AB OSTERHAUS
Globalize the 
discussion
Erasmus MC, Rotterdam,  
the Netherlands 

So far, most of the human deaths from the 
deadly H5N1 strain of bird flu have occurred 
in Asia and the Middle East. Many labs world
wide — including ours — are trying to under
stand what makes the virus so virulent, and 
how to stop it. H5N1 research is thus a global 
issue, yet the entire research community seems 
to be following the advice of one country. 

We are not questioning the unprecedented 
recommendations last month from the US 

National Science Advisory Board for Bio
security (NSABB) to remove key details 
from the methods and results sections of 
published papers, including our own, sub
mitted to Science (see Nature 481, 9–10; 
2012). But we do question whether it is 
appropriate to have one country dominate 
a discussion that has an impact on scientists 
and publichealth officials worldwide. This 
discussion should include the perspective of 
people in regions where H5N1 has infected 
humans. Will the NSABB also advise on 
which international researchers and officials 
have the right to see the full papers, to help 
implement urgently needed surveillance and 
other intervention strategies?

It is not clear whether an international 
discussion would lead to different recom
mendations. There is no global equivalent 
of the NSABB, but many European experts 
that we have seen quoted in the press believe 
that the research should be published in full. 

We don’t know the worldwide opinion until 
a group of experts from all parts of the globe 
is formed. An issue this big should not be 
decided by one country, but by all of us. 

JOHN STEINBRUNER
A system for 
redacted papers
Director, Center for International 
and Security Studies at Maryland, 
University of Maryland, College Park

If the two papers (submitted to Nature and 
Science) describing a transmissible form of 
the H5N1 virus are the first to be published 
with key details missing, they probably won’t 
be the last. We need to establish both a short
term and a longterm solution for how the 
scientific community should handle such a 
publication. Who decides who should have 
access to the full details? Who monitors 
the community so that the details don’t get 
passed around outside the group of experts 
cleared to receive them?

I believe that the entire process must be 
regulated by a global health body, ideally 
the World Health Organization (WHO). 
Already, a WHO committee oversees all 
research involving the smallpox virus. A 
similar, more developed system could work 
for H5N1 and other deadly pathogens. 
An international group of experts would 
approve research involving those agents, 
decide who will have access to the details 
of papers that come out of that work, and 
hold those vetted individuals accountable 
for what they do with the information. For 
instance, such a system might allow permit
ted experts to view papers only electroni
cally, so nothing is on paper. A database 
could record the privileged few people who 
have seen the full paper, and what they do 
with the information. In all likelihood, legal 
safeguards would be needed to protect the 
rights of people who receive the sensitive 
information. Such a process would not offer 
complete protection against misuse, but it 
would show the scientific community that 
the committee is watching what they do.

Because dangerous pathogens are a global 
issue, any procedure would need buyin 
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EXHIBITION The scientific 
legacy of Robert Scott’s 
ill-fated expedition p.264

OBITUARY Paul Doty,  
chemist and arms-control 
advocate  p.266

VACCINES More collaboration 
would spur biomedical 
research innovation p.261

PHILANTHROPY Charities should 
pay their fair share of 
research costs p.260
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D. A. HENDERSON
The ultimate 
biological threat
Center for Biosecurity, University 
of Pittsburgh Medical Center, 
Pennsylvania 

The H5N1 influenza strain poses a poten
tial biological hazard far more serious than 
any we have ever known. It is a virus that is 
capable of killing half its victims, a propor
tion greater than that for any other epidemic 
disease. Were that coupled with the trans
missibility of a pandemic flu virus, it would 
have characteristics of an ultimate biologi
cal weapon unknown even in science fiction 
(see Nature 480, 421–422; 2011). We should 
not publish a blueprint for constructing such 
an organism. 

KWOK-YUNG YUEN
The Hong Kong 
perspective
Chair of Infectious Disease, 
Department of Microbiology, 
University of Hong Kong

As a scientist working in Hong Kong — the 
site of the first human epidemic of infection 
by the highly fatal H5N1 virus — I appreci
ate the publichealth significance of knowing 
which mutations confer airborne transmis
sibility in an animal model. The new, much
debated research provides this information. 
Finding similar genomic signatures in animal 
or human viruses collected from the WHO 
Global Influenza Surveillance Network may 
alert publichealth workers to an impending 
epidemic of unthinkable magnitude or sever
ity. But I also appreciate the possibility that 
such mutants could cause a global disaster 
if accidentally or deliberately produced and 
released into animal and human populations. 
Consequently, I support the recommenda
tion from the NSABB to remove key details 
from the papers describing this work. 

Biological warfare is familiar to people 
living in this part of the world. During the 
SinoJapanese War in the 1930s and 1940s, 
scientists and physicians of the Japanese 

from all countries, who would have to 
give the committee binding jurisdiction 
over research involving extremely dangerous 
agents. This will take some time. In the short 
term, the WHO or some other global health 
organization should immediately establish 
an ad hoc committee to review who should 
receive access to the full H5N1 papers, and 
ensure that the details do not circulate widely. 

Most importantly, these discussions 
should not be controlled by officials focused 
on national security. H5N1 is primarily a 
matter of public health. If there is a threat 
of bioterrorism, let it be judged by a global 
health organization, which can set rules that 
do not deprive scientists of information that 
could save millions of people in the case of 
a natural pandemic. If nationalsecurity 
organizations become involved, they will 
vet scientists on the basis of citizenship, and 
will be inclined to discriminate against those 
countries in which terrorists have found ref
uge. But some of those countries are among 
the few that have experienced human deaths 
from H5N1, and are most likely to witness 
the origins of a natural pandemic. It is cru
cial that scientists and other experts are 
judged on their qualifications, not on their 
nationality. If the world is to accept the pro
cess, nationalsecurity officials cannot be 
allowed to dominate the discussion.
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South Asian countries such as Nepal are among the most likely to be hit by avian flu epidemics. 

army’s Unit 731 infected civilians and prison
ers of war in Manchuria, China, with Yersinia 
pestis, the bacterium behind the Black Death, 
which was first identified in plague patients 
in Hong Kong in 1894. When the unit found 
that the bacteria caused severe organ dam
age when serially inoculated into prisoners 
of war, the unit began spreading plaguecon
taminated fleas in China, causing outbreaks. 

Censoring scientific data for publication 
will not stop rogue individuals or nations 
from developing a deadly and highly trans
missible form of H5N1, but it would at least 
buy some time to find and stockpile the 
appropriate anti virals, immunomodulators 
and vaccines to protect against most variants 
of H5N1. Even if the publications omit the 
methods for making such a deadly virus, 
the genomic signatures associated with air
borne transmissibility should be known to 
the directors of all publichealth laboratories 
in the WHO surveillance network, after they 
sign an agreement of confidentiality. 

LYNN KLOTZ &  
ED SYLVESTER
Worry about  
lab infections
Center for Arms Control and  
Non-Proliferation, Washington DC; 
Walter Cronkite School of Journalism 
at Arizona State University 

Asian bird flu is just one of the extremely 
dangerous pathogens researched in labo
ratories throughout the world. Along with 
the two labs that created a potentially con
tagious form of H5N1, at least 40 others 
worldwide investigate deadly, highly con
tagious pathogens not currently present in 
human populations, such as the SARS virus 
and the recently resurrected 1918 pandemic 
flu virus. Publichealth experts worry about 
natural pandemics, and governments worry 
about the risk that these pathogens pose 
to national security — but the probability 
of accidental release is likely to be much 
higher.

We have analysed the likelihood of 
escape from 42 labs, using 1% as the esti
mated probability of an escape from a single 
lab in a single year. This approximates the 
historical probability, obtained by divid
ing the documented number of escapes of 
these pathogens (3, each involving the SARS 
virus) by our estimate of the total number 
of labyears of research on these pathogens 
since 2003 (more than 300 lab years). Lab 
infections can easily spread: in 2004, after 
the only natural SARS outbreak in humans 
was contained, two graduate students lab
infected with SARS in Beijing infected seven 
others, causing one death.

Our analysis shows that the probability of 
an escape from at least one of 42 labs in a 
single year is 34%; within less than 4 years, 
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JEFFERY K. TAUBENBERGER
Study how viruses 
swap hosts
Chief, Viral Pathogenesis and Evolution 
Section, Laboratory of Infectious 
Diseases, US National Institute of 
Allergy and Infectious Diseases

How influenza viruses adapt to humans and 
cause disease has been a significant inter
est of my laboratory, including sequencing 
the genome of the 1918 H1N1 influenza, 
the virus that caused the worst pandemic 
on record. This work has led to research on 
how influenza viruses switch hosts and cause 
severe disease, and is serving as a basis for new 
vaccines and therapies. As a result of these 
studies, scientists and publichealth officials 
are better prepared to prevent or mitigate a 
similar future pandemic. Studies examining 
adaptation and transmission of avian H5N1 
influenza virus are similarly important.

For reasons not yet clear, some influenza 
viruses adapted to poultry can acquire sets 
of mutations that kill almost every bird that 
they infect, but rarely infect humans. Since 
1997, H5N1 viruses have devastated poul
try flocks in southeast Asia and other parts 
of the world, and also caused disease in a 
limited number of the presumably tens of 
thousands of humans who have had direct 
contact with infected birds. Although human 
infections are uncommon, the high fatality 
rate in those people infected by H5N1 — 
more than 50% — raises serious concerns. 

A growing body of evidence suggests 
that influenza hostswitching processes are 
complex, and may be unique to each virus. 
Changes in the 1918 H1N1 virus crucial 
for adapting to humans, for example, were 
not found in the 2009 
pandemic H1N1 virus. 
It is essential to con
tinue research into this 
with H5N1 and other 
emerging pathogens, 

RICHARD H. EBRIGHT
Mitigate the  
risks of release
Department of Chemistry and 
Chemical Biology, Rutgers 
University, Piscataway, New Jersey 

Engineered derivatives of highly patho
genic avian influenza virus capable of  
aerosol transmission in nonrodent mam
mals pose potential threats to human health 
and to food production. The major concern 
is accidental release, for example through 
infection of a lab worker who then infects 
others. Deliberate release by a disturbed or 
disgruntled lab worker, bioterrorism and 
biowarfare are also concerns.

The following steps should be taken imme
diately. To address accidental release, assign 
the viruses as pathogens that require the high
est biosafety level (‘level 4’, not ‘level 3+’ as has 
been the case to date). To address deliberate 
release, assign the viruses as pathogens that 
require the highest level of biosecurity (‘Tier 
1’, like smallpox virus and anthrax bacterium, 
under the revised US selectagent rule that 
enters into force this year).

To minimize risks from future research, 
additional steps should be taken. We need 
to implement a system of mandatory prior 
review of research directed at increasing a 
pathogen’s virulence, transmissibility or abil
ity to evade countermeasures. We also need 
to reevaluate, and preferably terminate, bio
defence expenditures on research directed 
at creating and assessing new biothreats, as 
opposed to addressing existing biothreats. 
Creating and assessing new threats rarely 
increases security. Doing so in biology — 
where the number of potential threats is 
nearly infinite, and where the asymmetry 
between the ease of creating threats and 
the difficulty of addressing threats is nearly 
absolute — is especially counterproductive. 

DAVID L. HEYMANN
We will always 
need vaccines
Head, Centre on Global Health 
Security, Chatham House, London

The creation in vitro of highly transmissible 
forms of H5N1 is a fresh reminder of how 
the endgame in infectiousdisease control 
has changed. 

For years, scientists and officials have 
believed that the ultimate application of dis
ease control was eradication. In a world free 
from a particular pathogen, the disease no 
longer occurs, and the expense — and small 
risk — of vaccination is avoided. As a result, 
there would be no need to develop and 
maintain vaccine stockpiles. This idea began 
to change in 2002, when the poliovirus was 
synthesized de novo. The change has been 
profound — the endgame must now take 
into consideration the possibility that con
solidation and safe storage, or destruction, 
of remaining polioviruses is not sufficient to 
eliminate the risk that it will be reintroduced. 
With the possibility of synthesizing a virus, 
it is likely that we will always need to have 
vaccines readily available.

But some say that maintaining samples 
of deadly pathogens is a necessary precau
tion. Take the discussions about the samples 
of smallpox virus (Variola), maintained at 
two WHOsanctioned laboratories since the 
virus’s eradication. Some now argue that we 
need these samples to study the virus, and  to 
develop new vaccines and therapies in case 
of a bioterrorist attack. Indeed, the WHO 
Advisory Group of Independent Experts that 
reviews the smallpox research programme 
noted this year that DNA sequencing, clon
ing and gene synthesis could now allow  
de novo synthesis of the entire Variola virus 
genome and creation of a live virus, using 
publicly available sequence information, at 
a cost of about US$200,000 or less. 

It is tempting to argue that, for the sake of 
public health, research that constructs highly 
pathogenic forms of viruses, such as H5N1, 
should be squashed. But even if we elimi
nated H5N1 and destroyed all lab samples, 
we would still need to consider keeping and 
producing a vaccine, because the virus could 
potentially be recreated. And stopping this 
type of research would open a dangerous door. 
Although adding and deleting genes can cre
ate superstrains that put the entire world at 
risk, such research also helps to develop pub
lichealth tools such as vaccines and diagnos
tic tests. Preventing this research would also 
prevent us from using all possible scientific 
options to prepare for naturally occurring —  
or deliberately caused — outbreaks. ■

 NATURE.COM
See Nature’s web 
focus on the 1918 
influenza pandemic:
go.nature.com/9rcpjv

the chance of escape reaches 80%. If more 
labs begin studying the (potentially) human 
contagious form of H5N1, that interval will 
decrease even further. 

In comparison, the average time between 
the three natural influenza pandemics in 
the last century was about 30 years (1918, 
1957 and 1968). We are creating a risk that 
is much greater than that posed by nature. 
Laboratories need stronger precautions, such 
as mandatory quarantine of lab staff work
ing on live dangerous pathogens until they 
can be certified clear of infection. Regulators 
should not be sitting idly by, while the threat 
of a manmade pandemic looms. 

and to investigate how they adapt and cause 
disease. The work could provide better sur
veillance tools to detect viruses that are in 
the process of adapting to humans. Scien
tists must be able to continue to work with 
these viruses safely and appropriately, in 
multiple teams utilizing the talents of many 
researchers, and under the numerous layers 
of protection and oversight that safeguard 
scientists and the public. 

Of course, scientists will have to continu
ously reexamine and discuss the balance 
between the benefits of conducting and 
publishing pathogen research, and the risk 
of misuse of such knowledge. We should 
continue the dialogue as we continue the 
research.
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T he packages that started arriving by 
FedEx on 12 October last year came with 
strict instructions: protect the informa-
tion within and destroy it after review. 

Inside were two manuscripts showing how 
the deadly H5N1 avian influenza virus could 
be made to transmit between mammals. The 
recipients of these packages — eight members 
of the US National Science Advisory Board for 
Bio security (NSABB) — faced the unenviable 
task of deciding whether the research was safe 
to publish. 

The group deliberated. Soon, the rest of the 
NSABB’s 22 voting members and two dozen 
non-voting members and advisers were drawn 
in. For five-and-a-half weeks, they pored over 

the data in the papers, weighing the benefits 
of sharing the information against the risk 
that doing so might lead to the accidental or 
intentional release of a lethal new virus. They 
exchanged views in hundreds of e-mails and 
in more than 24 hours of teleconference calls.

On 21 November, the NSABB recommended 
that journals should redact the papers, publish-
ing their conclusions but sharing methods and 
data only with approved scientists and health 
officials. It was the first time that the board 
had recommended any such restriction since 
it was convened in 2005, and it sparked a global 
debate — aired in journals, meetings, blogs and 
newspapers — that is still raging and has left 
the US government in an awkward spot. “The 

United States funded this research and then 
wanted to censor it,” says David Fidler, who 
teaches international law at Indiana University 
Bloomington. “This looked dysfunctional.” 

Throughout these turbulent months, the 
spotlight has shone as much on the NSABB 
as it has on the mutant flu viruses. The board’s 
members, with backgrounds ranging from 
biology to medicine to national security and 
law, have been developing guidelines for bio-
security oversight for nearly seven years. The 
flu research was a major test of the principles 
they had been espousing. 

By all appearances, the board struggled. By 
mid-February, the NSABB was under pres-
sure to overturn its initial assessment. And 

THE FIGHT OVER MUTANT FLU HAS THROWN THE SPOTLIGHT ON A LITTLE-KNOWN GOVERNMENT 
BODY THAT OVERSEES DUAL-USE RESEARCH. SOME ARE ASKING IF IT WAS UP TO THE TASK.

B Y  B R E N D A N  M A H E R

THE  
BIOSECURITY  
OVERSIGHT
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in the last days of March, it did — voting 
unanimously in favour of full publication for 
one paper, which appeared early this month1. 
The board also recommended that the second 
paper be published, but six members dissented, 
arguing that the work still posed significant 
concerns. (That paper’s publication is expected 
within weeks.) The whole episode has left 
many people with questions. Could the board 
have done better? Why wasn’t the research 
flagged earlier? And is there a way to publish 
sensitive information while minimizing risks? 

There is one point of agreement, says David 
Relman, a microbiologist at Stanford Univer-
sity in California and member of the NSABB: 
“This is not the way any of us wants to see these 
issues discussed, that is, at the eleventh hour 
and fifty-ninth minute.” 

SECURITY SCARE
The NSABB’s roots can be traced back to 
October 2001, when letters carrying anthrax 
spores were sent to several public figures 
around the country (see ‘Threat and response’). 
In response, the US government invested bil-
lions of dollars to prepare for future acts of 
bioterror, much of it channelled into patho-
gen research through the National Institute 
of Allergy and Infectious Diseases (NIAID) 
in Bethesda, Mary land. In parallel, Congress 
asked the National Academies to form a panel 
to recommend how dual-use research — work 
that could carry bioterror risks as well as ben-
efits — should be identified, regulated and 
reported. Scientists were anxious to show that 
they could police their own work and avoid 
heavy-handed or cumbersome regulation from 
above. “The science community ought to come 
up with a process before the public demands 
the government do it for them,” warned Parney 
Albright of the US Department of Homeland 
Security in 2003 (ref. 2). 

Geneticist Gerald Fink at the Massachusetts 
Institute of Technology in Cambridge was  
chosen to chair the panel. The recommenda-
tions in the resulting ‘Fink report’, published 
in 2004, set out seven ‘deadly sins’: types of 
research that should warrant close scrutiny, 
such as experiments to render a vaccine 
ineffect ive or to make a pathogen more viru-
lent. The report also called for the creation of 
a national advisory board to further explore 
the issues on a national and international stage. 
This would become the NSABB, an independ-
ent panel that is managed and supported by the 
National Institutes of Health (NIH). In June 
2005, NIH director Elias Zerhouni swore in 
23 NSABB members in Bethesda. Paul Keim, 
a microbiologist at Northern Arizona Univer-
sity in Flagstaff and acting chair of the NSABB, 
says that the ceremony involved the raising of 
hands. “We all kept from giggling,” he says. 

Right away, the board started to flesh out 
guidelines for a US policy on dual-use research. 
Its flagship document, released in 2007 and 
building on the Fink report, emphasized 

local self-governance, suggesting, for exam-
ple, that investigators monitor their own and 
colleagues’ projects, possibly with the help of 
existing institutional biosafety committees. 

Although not officially part of the board’s 
remit, the NIH also called on the NSABB to 
review the occasional paper that raised bio-
security concerns. The first two3,4 to land in 
the board’s lap, in 2005, dealt with efforts to 
resurrect the Spanish flu virus that was respon-
sible for millions of deaths immediately after 
the First World War. The board recommended 
that the papers be published in full. Keim says 
he now wishes that the group had had more 
time to deliberate over the Spanish flu work, 
which raised many of the same issues as the 

current debate. “I guess I have some regrets 
about that decision because of the impact it 
would have had on policy,” he says.

Nevertheless, the papers the board received 
last October were different from those it had 
handled before. Their roots go back to 1997, 
when H5N1 started devastating bird popula-
tions worldwide and health officials voiced 
alarm about the catastrophe that could ensue 
if the disease gained the ability to jump between 
humans. In 2006, the NIH convened a blue-rib-
bon panel to identify priority research on avian 
influenza. Among other projects, it highlighted 
the need for experiments to see how bird flu 
might evolve the ability to spread from person 
to person. Soon after, the NIH commissioned 
and funded several such projects, including 
one from Ron Fouchier at the Erasmus Medi-
cal Center in Rotterdam, the Netherlands, and 
one from Yoshihiro Kawaoka at the University 
of Wisconsin-Madison and the University of 
Tokyo. Robert Webster, a virologist at St Jude 
Children’s Research Hospital in Memphis, Ten-
nessee, and a member of the blue-ribbon panel, 
says that it paid close attention to the stringent 
biosafety requirements of such work, but that 
dual-use concerns “didn’t really surface”. 

They should have, says Keim. The experi-
ments committed at least two of the Fink 
report’s deadly sins: they deliberately changed 
the host range of a pathogen and they 
increased its transmissibility. “You think about 
adapting H5N1 to mammals,” Keim says, and 
you quickly “realize that there is the potential 
to do something very dangerous”. 

Concerns surfaced in September 2011, when 
Fouchier presented his results at a high-profile 
meeting in Malta. He described, in ominous 
terms, how he had mutated wild H5N1 virus 
to make it more likely to infect human cells. He 
had then let the virus evolve in ferrets, a good 
model for human transmission, until it was 
able to spread through the air by a cough or a 
sneeze. Kawaoka took a different approach, 
mutating a single gene from H5N1 and plug-
ging it into a less pathogenic viral genome. What 
resulted — two influenza viruses that could 
spread in mammals, that most humans had 
never been exposed to and that stemmed from a 
virus with the potential to kill — was worrying. 

Still, the board struggled with its decision. At 
first, says NSABB member Arturo Casadevall, 
a microbiologist at the Albert Einstein College 
of Medicine in New York, “I was very uncom-
fortable with the idea of redacting information 
because I think that it’s a slippery slope”. But 
the data and expert analysis assembled by the 
board convinced him that what Fouchier and 
Kawaoka had done was too easy to repeat. “We 
just didn’t think it would be a good idea to put a 
recipe out there,” he says. Michael Osterholm, 
a public-health researcher at the University of 
Minnesota in Minneapolis, emphasized his 
support for the research, but stressed the pre-
cautionary principle. Once the work was pub-
lished, it could not be taken back. “You can’t 
unring a bell,” he said on several occasions. 

In late December, the US Department of 
Health and Human Services, which oversees 
the NIH, announced that it would follow the 
NSABB’s advice. The response was severe, says 
Keim. “That redaction approach has been uni-
versally panned,” he says. “The investigators 
hated it, the people who weren’t going to get 
the data hated it. The government hated it 
because they couldn’t figure out how to do it.” 

Meanwhile, the NSABB’s members were 
scrambling to make clear that the issues needed 
international discussion. In mid-February, 
Kawaoka and Fouchier presented their work at 
a closed meeting at the World Health Organi-
zation (WHO) in Geneva, Switzerland. They 
assured the researchers that the benefits — for 
monitoring wild viruses for potentially danger-
ous mutations and for vaccine development — 
outweighed the risks. They also explained that 
the mutant viruses weren’t necessarily lethal to 
the ferrets, something that hadn’t been clear 
to everyone before. The attendees, mostly aca-
demic flu researchers, recommended that both 
papers be published in full. 

In light of the new information, the NIH 
asked the NSABB to reconsider its position. 
A workshop was scheduled for 29–30 March.

SECOND THOUGHTS
The meeting started at 7 a.m. in a sixth-floor 
conference room of building 31 on the NIH 
campus in Bethesda. Keim had heard the pres-
entations at Geneva, but still couldn’t predict 
how the rest of the board were going to react. 

“THE UNITED STATES 
FUNDED THIS 

RESEARCH AND 
THEN WANTED TO 

CENSOR IT.”
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2001  Australian researchers 
inadvertently create a highly 
pathogenic mousepox virus, 
prompting alarm that the 
technique could be used to 
weaponize smallpox.

2001  Anthrax attacks 
in the United States 
show the reality of a 
bioterror act using 
sophisticated 
microbiology.

2003  A highly 
pathogenic form of 
H5N1 avian in�uenza 
begins to circulate. 
Several people are 
infected and as many 
as half the con�rmed 
cases die from it.

2005  The 
NSABB reviews 
two papers 
reconstructing 
the 1918 
Spanish 
in�uenza virus 
genome. It 
recommends 
full publication 
of both.

2006  
A blue-ribbon 
panel publishes a 
report prioritizing 
research into 
H5N1, which 
leads to funding 
of controversial 
work by Ron 
Fouchier and 
Yoshihiro 
Kawaoka.

12 September  Ron Fouchier 
(pictured) announces that he 
has created a mammalian-
transmissible form of H5N1.

21 November  The NSABB 
recommends that papers by 
Fouchier and Kawaoka be 
redacted: only certain researchers 
would gain access to full 
materials and methods. 

20 January  Fouchier, Kawaoka 
and 37 other �u researchers 
agree to a 60-day moratorium on 
research with the mutant strains.

17 February  Experts convened 
by the World Health Organization 
conclude that the research should 
be published in full. 

30 March  After a two-day 
meeting, the NSABB 
recommends full publication 
of both papers, but the decision 
is not unanimous.

2 May  Kawaoka’s paper is 
published.

2003  The National 
Academies publishes 
the ‘Fink’ report 
(Biotechnology Research 
in an Age of Terrorism) 
which calls for the 
creation of the NSABB.

2005  
The NSABB 
is sworn in.

2007  The NSABB 
publishes guidelines 
entitled Proposed 
Framework for the 
Oversight of Dual 
Use Life Sciences 
Research.

Controversy on mutant 
avian �u begins

Long-standing concerns about research with potential risks erupted 
into full-blown controversy late last year. The National Science Advisory 
Board for Biosecurity (NSABB) has been a central player throughout. 

 THREAT AND RESPONSE

P. SCHNEIDER, THE CHARLOTTE OBSERVER/AP; GETTY IMAGES; T. TUMPEY/CDC; D.-J. VISSER/THE NEW YORK TIMES/REDUX/EYEVINE
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“I was not placing bets either way.” The voting 
members sat round a conference table, with 
about 60 administrators, government officials 
and ex officio members looking on. Every-
one was given two hours in silence to review 
revised manuscripts from Kawaoka’s and 
Fouchier’s teams. The researchers had edited 
the papers to clarify the benefits of the research 
and to explain the safety measures taken dur-
ing work with the viruses. Later, they gave 
presentations. Fouchier was reportedly ques-
tioned for two hours. 

By this point it was clear that Kawaoka’s 
paper posed less of a threat than Fouchier’s 
because of the low pathogenicity of his hybrid 
virus. But Relman and other members of the 
NSABB say that they were not reassured by 
Fouchier or by the revisions to his manuscript. 
“There were no new data that for me dimin-
ished the evidence for mammal-to-mammal 
transmissibility and no data that convinced 
me that the virulence was any less in his 
mutant viruses than it was in the wild-type 
parental H5N1 strains,” Relman says.

The board also heard that the practical and 
political barriers to redaction looked formi-
dable. NIH director Francis Collins told them 
that export-control rules and freedom-of-
information laws in other countries would 
make it impossible to implement a system for 
selectively releasing data quickly. Moreover, 
such a system could jeopardize the pandemic-
influenza preparedness framework, an inter-
national agreement to share influenza viral 
samples and information that had been ham-
mered out in 2011 by the WHO after years 
of debate. For officials in countries such as 
Indonesia, where poultry farmers have faced 
financial ruin because of H5N1, a decision to 
redact information sounded like a decision to 
withhold it. It became clear to the board that 
redaction was effectively off the table, mean-
ing that the NSABB could vote to publish the 
paper in full, or not at all. 

After a full day of briefings and another of 
deliberation, the board voted. The members 
present at the meeting unanimously recom-
mended publication of the Kawaoka paper and 
voted 12–6 in favour of publishing Fouchier’s.

Few came out of the meeting happy. Some 
were still unsure about how dangerous Fouch-
ier’s virus really was. “Even the 12 who voted 
in favour of publication were uneasy about 
this uncertainty in the virus,” says Keim, who 
declined to reveal his vote. Relman, who voted 
against publication, says that the process felt 
unbalanced and that he didn’t have enough 
time to assess some new data presented there 
that had not yet been peer reviewed. “I do 
think questions should be asked about the 
manner and process by 
which we were asked to 
perform this reassess-
ment,” he says.

Osterholm asked some 
of these questions in a 

sharply worded letter to the NSABB and Amy 
Patterson, the board’s director at the NIH, a 
week and a half after the meeting. (The letter 
was leaked to Science and Nature days later.) 
In it, Osterholm said that the presentations 
given at the meeting were one-sided and 
designed to favour full publication of the arti-
cles. He said that Fouchier had revealed at the 
meeting an additional mutation that makes 
H5N1 both transmissible through the air and 
deadly. This work “surely must be considered 
as a candidate for the next manuscript to be 
before the NSABB for review”, wrote Oster-
holm, who worried that all the same problems 
would come up again. In her response to the 
letter, Patterson respectfully disagreed with 

Osterholm’s complaints. But by this point, 
the spat had started to attract the attention of 
law-makers. Congressman Jim Sensenbrenner 
(Republican, Wisconsin) wrote letters to the 
NIH and to the White House asking how deci-
sions about the research were reached. 

People within the NSABB, and outside it, 
now say that the board did its best in a highly 
complex situation. But many point a finger 
at a flawed mechanism for identifying and 
dealing with dual-use research. “Almost at 
every step the system isn’t working very well 
for these projects that raise serious concerns 
about biosecurity,” Fidler says. The most press-
ing question is why the research wasn’t flagged 
up earlier for scrutiny. 

The answer: the policy simply wasn’t in 
place. In its 2007 report, the NSABB recom-
mended that the federal government develop 
guidelines and implement a code of conduct 
to help institutions and researchers to report 
potential risks at the earliest stage of pro-
ject development. It also recommended the 
development of strategies for communicat-
ing sensitive research, including restricted 
publication. These recommendations went 
largely unheeded because scientists resisted the 
introduction of cumbersome new practices. 
“We got all worried about the possibility of 
these threats,” says Fidler, but when it came to 
imposing regulations on research, “we tended 
to back off ”. 

Now, the flu controversy has forced the US 
government’s hand. On 29 March, while the 
NSABB was being briefed, it released a policy 

that requires federal agencies to identify and 
monitor research projects they fund that tick 
boxes on the ‘deadly sins’ list. Tom Inglesby, 
who directs the Center for Biosecurity of 
UPMC in Baltimore, Maryland, welcomes the 
new policy. “It would be much more preferable 
for these decisions to go on at the beginning 
of this experimental process. It’s more fair to 
the scientists, more fair to their institutions, 
more fair to the journals and more fair to the 
NSABB,” he says. 

Keim, however, points out that the policy 
does not require review by disinterested par-
ties. “These are decisions that need to be made 
in the open with input from different segments 
of our society,” he says. It may be too much to 
expect scientists to coolly evaluate the risks of 
their own research against the benefits they 
gain personally from publication. And even if 
regulatory changes do take root in the United 
States, international agreement will take years 
to solidify. Keim and several others at the 
NSABB say that publishing with controlled 
access to certain data would still have been the 
preferred option for the H5N1 papers, but the 
challenges extend well past US borders.

Most observers and participants expect that 
the NSABB will continue to weigh in on policy 
development, although it may have to resolve 
questions about conflicts of interest first. In 
the wake of the flu controversy, some observ-
ers have questioned whether it is appropriate 
to have the NSABB under the control of the 
NIH — which funded the flu research — and 
populated by NIH-funded scientists. Board 
members might not have wanted to vote against 
publication if it risked biting the hand that 
feeds them. “I’d be lying if I didn’t say that that 
thought crossed my mind,” says Michael Impe-
riale, a virologist at the University of Michigan 
in Ann Arbor and a member of the board since 
its inception. Ultimately, he says, he followed his 
conscience, which favoured publication of both 
articles. Anthony Fauci, director of the NIAID 
and a non-voting member of the NSABB, calls 
the idea of the NIAID taking revenge against 
NSABB members for their vote “preposterous”.

The whole controversy has been an ordeal 
for those involved. But Casadevall takes a posi-
tive view. “The end result has been a tremen-
dous education,” he says. 

“I don’t know how much of a silver lining 
that is,” Fidler says. There’s little consensus as 
to what a new system for dual-use research 
oversight should look like, he says, and gov-
ernments have simply kicked the can down the 
road in the past. “That may happen again, but 
at least it’s out in the open,” he says. ■

Brendan Maher is a features editor for 
Nature.
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“THIS IS NOT THE 
WAY ANY OF US 
WANTS TO SEE 
THESE ISSUES 

DISCUSSED.”
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