




Current Practice in  
Forensic Medicine





Current Practice in Forensic 
Medicine, Volume 2

Edited by

John A.M. Gall and J. Jason Payne‐James



This edition first published 2016
© 2016 by John Wiley & Sons, Ltd

Registered office
John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial offices
9600 Garsington Road, Oxford, OX4 2DQ, UK
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, for customer services and for information about how to apply 
for permission to reuse the copyright material in this book please see our website at  
www.wiley.com/wiley‐blackwell.

The right of the author to be identified as the author of this work has been asserted in accordance with 
the UK Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, 
except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior permission 
of the publisher.

Designations used by companies to distinguish their products are often claimed as trademarks. All 
brand names and product names used in this book are trade names, service marks, trademarks or 
registered trademarks of their respective owners. The publisher is not associated with any product or 
vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author(s) have used their best 
efforts in preparing this book, they make no representations or warranties with respect to the accuracy 
or completeness of the contents of this book and specifically disclaim any implied warranties of 
merchantability or fitness for a particular purpose. It is sold on the understanding that the publisher is 
not engaged in rendering professional services and neither the publisher nor the author shall be liable 
for damages arising herefrom. If professional advice or other expert assistance is required, the services 
of a competent professional should be sought.

Library of Congress Cataloging‐in‐Publication Data

Names: Gall, John A. M., editor. | Payne-James, Jason, editor.
Title: Current practice in forensic medicine / [edited] by John Gall, Jason Payne-James.
Description: 2nd edition. | Chichester, West Sussex, : John Wiley & Sons, Ltd, 2016. |  

Includes bibliographical references and index.
Identifiers: LCCN 2016011603 | ISBN 9781118455982 (cloth)
Subjects: | MESH: Forensic Medicine–methods
Classification: LCC RA1051 | NLM W 700 | DDC 614/.1–dc23
LC record available at http://lccn.loc.gov/2016011603

A catalogue record for this book is available from the British Library.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may 
not be available in electronic books.

Cover image: Gettyimages/agsandrew

Set in 10/12pt Sabon by SPi Global, Pondicherry, India

1 2016

http://www.wiley.com/wiley-blackwell


Contents

List of Contributors ix

Preface xix

Chapter One: DNA contamination – a pragmatic clinical view 1
Contamination considerations 1
DNA profiling 6
DNA deposits 10
Decontamination 11
General approach to DNA decontamination 20
Contamination 20
Cleaning and the DNA laboratory 22
Cleaning and decontamination of forensic examination  
suites – the way forward 26
References 31

Chapter Two: The toxicity of the novel psychoactive substances 35
Introduction 35
Acute toxicity 35
Chronic toxicity 40
Deaths 41
References 44

Chapter Three: Postmortem gastric content analysis: its role in determining  
time since death 47

Introduction 47
The physiology of gastric emptying 48
Gastric motility and emptying 49
Methods for measuring gastric emptying 52
Experimental studies 52
Factors affecting gastric emptying (in adults) 53
Analysis of gastric contents 56
Usefulness of gastric contents in time of death estimations 61
Conclusion 62
Acknowledgments 63
References 63

Chapter Four: Conducted energy devices 67
Overview 67
What are conducted energy devices? 67
Modes of use of the TASER® X26, TASER® X26P  
and TASER® X2 68



vi contents 

The electrical outputs of the TASER® X26, X26P and X2 68
Operationally exploited effects of TASER® CEDs: pain and neuromuscular 
incapacitation 70
Adverse effects associated with use of the TASER® X26 71
Conclusions 76
References 77

Chapter Five: Autoerotic deaths 81
Historical context 81
Definition 83
Incidence 85
Investigation of autoerotic deaths 86
Typical methods of autoerotic death 88
Atypical methods of autoerotic deaths 91
Typical and atypical victims 92
Summary 94
References 94

Chapter Six: Excited Delirium Syndrome: aetiology, identification  
and treatment 97

Introduction 97
Aetiology 101
Diagnosis 103
Initial approach and work‐up 104
Medication treatment options for ExDS 106
Supportive treatment 110
Conclusions 112
References 114

Chapter Seven: Automatism – wading through the quagmire 119
Introduction 119
Definitions of automatism 120
The law 121
Medical conditions capable, or possibly capable, of founding a defence 
of automatism 123
Sentencing and mitigation 134
Proposals for reform in England and Wales 135
Acknowledgments 135
Law reports 135
References 136

Chapter Eight: Classification of personality disorders, clinical manifestations 
and treatment 139

Introduction 139
What is personality disorder? 139
Dimensional or categorical diagnostic approaches? 141
Prevalence 142
The hybrid model 143
Assessment 143



 contents vii

Specific issues in forensic medicine settings 149
References 150

Chapter Nine: Driving impairment: the main risk factors 153
Introduction 153
Legislative approaches 155
Sobriety assessment 158
Specific drugs 162
Forensic specimens in drug driving cases 168
Medical conditions and fitness to drive 169
Sleep deprivation 171
Conclusions 172
References 172

Chapter Ten: Risk factors for death or harm to health for detainees  
in short‐term police custody 179

Introduction 179
The background to healthcare in police custody 179
The nature of health problems of detainees 180
Deaths and harm in police custody 185
Excited Delirium Syndrome 190
Broad principles of care 191
Identification and diversion 197
Prevention of death and harm in police custody 202
References 203

Chapter Eleven: The utility of radiological investigation of suspected  
abusive head trauma in children 207

Introduction 207
Injury patterns 207
Anatomy of the head 208
Scalp injury 209
Skull injury 209
Estimate of time of injury of skull fractures 213
Mimics of skull fractures 214
Tips for investigating suspected skull fracture 217
Intracranial manifestations of head injury 218
Subdural haemorrhage 219
Subarachnoid haemorrhage 233
Extradural haemorrhage 234
Cortical contusions 235
Diffuse axonal injury (shear injury) 235
Brain oedema, swelling and hypoxic ischaemic brain injury 236
Conclusion 240
References 240

Chapter Twelve: Child maltreatment: detection and diagnosis 243
Introduction 243
Defining child abuse and neglect 244



viii contents 

The physician’s role in detecting child abuse 244
Contributing and risk factors for child abuse 246
General signs and symptoms of child abuse 246
Physical signs of child abuse 247
Fabricated or induced illness 257
Specific clinical presentations suspect for child abuse 259
Recognizing neglect 260
Screening instruments for detection of child abuse in Emergency  
Departments 260
Medical conditions that mimic child abuse 262
Summary and conclusion 262
References 265

Chapter Thirteen: Recovery of remains in potential crimes against humanity 
investigations – a forensic anthropological approach 269

Forensic anthropology and investigations into human rights violations 
and crimes against humanity 269
The characteristics of forensic anthropological investigations into  
human rights violations and crimes against humanity 272
The main mistakes made in forensics 274
Phases of the forensic anthropological investigation in the context  
of human rights violations 275
A multidisciplinary approach 281
Complex cases 282
Lessons learned and considerations 283
Conclusions 284
Acknowledgments 284
References 285

Chapter Fourteen: Field missions 287
Introduction 287
S: Situation 288
M: Mission 289
E: Execution 289
A: Administration and logistics 291
C: Communications and command 295
S: Security 295
Other mission‐related matters 296
Strategic security assessments 297
Conclusion 311

Appendix A-Mission plan template 312
Appendix B-Example of team functions for personnel required  
for the exhumation of human remains from a mass grave 314

Index 317



List of Contributors

Paul I. Dargan MB BS, FRCPE, FACMT, FRCP, ERT, FAACT, FEAPCCT, FBPhS
Paul Dargan is a consultant physician and clinical toxicologist, and clinical director 
at Guy’s and St Thomas’ NHS Foundation Trust, London, UK. He is also Professor 
of Clinical Toxicology at King’s College London. He has an active research and teach-
ing programme, with a focus on recreational drug toxicity, self‐poisoning and heavy 
metal toxicity. He has published over 220 peer‐reviewed papers and numerous book 
chapters, and is a member of the editorial board of a number of medical journals. 
Paul sits on the Advisory Council on the Misuse of Drugs (ACMD) and the Scien-
tific Committee of the European Monitoring Centre for Drugs and Drugs  Addiction 
 (EMCDDA). He is an  expert adviser on numerous other bodies, including the US Food 
and Drug Administration (FDA), Médecins Sans Frontières (MSF) and the World 
Health  Organization (WHO).

John A.M. Gall BSc (Hons), MB, BS, PhD, FACLM, FFFLM (RCP Lond), 
FFCFM (RCPA), DMJ (Clin & Path)
John Gall is a consultant forensic physician. He is an Associate Professor, Department 
of Paediatrics, The University of Melbourne, Director of Southern Medical Services, 
Principal of Era Health and is a staff specialist forensic physician in the Victorian Pae-
diatric Forensic Medical Service, located at the Royal Children’s Hospital and Monash 
Medical Centre, Melbourne. He is a member of the international editorial board of the 
Journal of Forensic and Legal Medicine, Egyptian Journal of Forensic Sciences and In-
ternet Journal of Forensic Medicine and Toxicology. John is the current President of the 
World Police Medical Officers and was Vice President of the Australasian Association 
of Forensic Physicians. John qualified initially as a biochemist, completed his doctorate 
in the Department of Pathology at the University of Melbourne and engaged in post-
doctoral research in anatomy. He later read medicine at the University of Melbourne 
and undertook training in anatomical and forensic pathology, and clinical forensic med-
icine. He has practised clinical forensic medicine for over 20 years, initially as a forensic 
medical officer with Victoria Police and later as a consultant at the Victorian Institute 
of Forensic Medicine. John has been extensively involved in undergraduate and post-
graduate education at the University of Melbourne and Monash University. He was an 
honorary senior lecturer in the Department of Forensic Medicine, Monash University, 
during which time he taught custodial medicine in the University’s Graduate Diploma 
of Forensic Medicine. He also devised, developed and administered an international 
continuing education programme in forensic medicine and, with co‐authors, wrote and 
edited Forensic Medicine Colour Guide and the first edition of this series. John has been 
involved in forensic medical research and much of these findings have been published. 
In addition to forensic medicine, he practises occupational and military medicine.



x list of contributors 

Clare M. Legge BSc, MSc, DipFHID
Clare Legge is a Publishing Editor at SAGE Publications, London where she works 
in the STM Journals editorial department on a diverse list of engineering and materi-
als science journals. Clare graduated from Bournemouth University in 2008 with a 
first class BSc honours degree in forensic and crime scene science. She subsequently 
 obtained an MSc in forensic medical sciences from Cameron Forensic Medical Sci-
ences, Barts and the London School of Medicine and Dentistry, Queen Mary Univer-
sity London, where her thesis focused on the use of gastric contents in estimating time 
since death. In 2012 Clare was awarded a diploma in forensic human identification 
from the Faculty of Forensic and Legal Medicine, The Royal College of Physicians.

Johan Marchand MD
Johan Marchand is a general paediatrician and consultant in child abuse at the 
 University Hospital for Children of the Brussels Free University. He studied medi-
cine at Brussels Free University and was trained in paediatrics in Brussels and Paris. 
Formerly he worked as confidential doctor in the Child Confidential Centre for 
Child Abuse of Ghent, and was director and paediatrician of the Child  Confidential 
Centre, Brussels. He also worked in the Medical Institute Clairs  Vallons,  Ottignies, 
as head of a multidisciplinary team caring for abused children in residential care. 
He is a clinical tutor at the Brussels Free University and participates in the study 
programme for medical students (child abuse, psychosocial medicine). Johan is a 
frequent speaker at conferences on child abuse in Belgium, and organizer of a three‐
day course on forensic aspects of child abuse in the past. He actively  participates 
in many European and world conferences on child abuse organized by the Interna-
tional  Society for Prevention of Child Abuse and Neglect.

Willie Nugent
Willie Nugent is the founder and managing director of Eurocheck Security 
 Consultants Limited. Willie served in the Irish Defence Forces for over 20 years, 
retired with the rank of captain in 2001 and set up Eurocheck Security Consult-
ants Limited. While serving in the Irish Defence Forces, he served in the Military 
Police, Army Ranger Wing and the Cavalry Corps. He served three years in South 
Lebanon as part of UNIFIL (the United Nations Interim Force in Lebanon). While 
he was heavily involved in security, operational and training aspects, he also has 
extensive experience in the areas of logistics and transport. Willie is strongly com-
mitted to  human rights and democracy and served as special security officer with 
rhe European Union Border Assist Mission at Rafah, in Gaza and Israel in 2009. 
In recent years he has conducted hostile environment, security awareness and war 
crimes  investigation training throughout Europe, Africa, the Middle East and South 
America. Willie holds a Level 7 certificate in further education from the National 
University of Ireland at Maynooth.

J. Jason Payne‐James LLM MSc FRCS PFFLM FCSFS FACLM FCLM DFM 
Mediator
Jason Payne‐James is an independent specialist in forensic and legal medicine with 
a range of research and clinical interests. He qualified in medicine in 1980 at the 
 London Hospital Medical College. He has undertaken additional postgraduate 



 list of contributors xi

 qualifications at Cardiff Law School, the Department of Forensic Medicine and 
Science at the University of Glasgow and with the University of Ulster, Northern 
Ireland. He has been a forensic medical examiner with the Metropolitan Police for 
almost 25 years. His clinical and research interests include healthcare in custody, 
restraint and less‐lethal systems, harm and death in custody and torture. He has 
published peer‐reviewed research on a wide range of subjects, including healthcare 
in custody, use of force, TASER®, and irritant spray.

Jason is honorary senior lecturer at Cameron Forensic Medical Sciences, Barts 
and the London School of Medicine and Dentistry. He is honorary consultant  in 
 emergency medicine at St George’s Hospital, London. He is external consultant to 
the UK  National Crime Agency and National Injuries Database. He is editor‐in‐chief 
of the Journal of Forensic & Legal Medicine. He is president of the Faculty of Fo-
rensic and Legal Medicine of the Royal College of Physicians. In addition to Current 
Practice in Forensic Medicine he has co‐edited and co‐authored other publications, 
including the Encyclopedia of Forensic and Legal Medicine, Forensic Medicine: 
Clinical and Pathological Aspects and Symptoms and Signs of Substance Misuse. He 
is lead author of the 13th edition of Simpson’s Forensic Medicine; he co‐authored the 
Oxford Handbook of Forensic Medicine and co‐edited Age Estimation in the Living. 
He is currently co‐editing Monitoring and Documenting Conditions of Detention 
and Custody, Torture and Ill‐Treatment.

Mercedes Salado Puerto PhD
Mercedes Salado Puerto first qualified as a biologist and completed her doctorate 
in the Department of Biological Anthropology, Universidad Autónoma de Madrid, 
Spain. As a forensic anthropologist, she was member of the Guatemalan foren-
sic anthropology team from 1998 to 2003. Since 2003 she has been a member of 
the Argentine Forensic Anthropology Team (EAAF), where she currently works as 
 identification coordinator. She specializes in the historical investigation of cases of 
political violence (analysis of written and oral sources, collecting ante‐mortem data 
from relatives of the missing, interviewing witnesses, information management and 
databases), archaeological exhumation of individual and mass graves, and analysis 
of skeletal human remains in order to identify them and determine the cause of death. 
She has been involved in forensic investigations and training in Argentina, Bosnia‐
Herzegovina, Burundi, Colombia, Cyprus, Chile, Guatemala, Iran, Iraq, Morocco, 
Mexico, Nepal, Panama, Peru, South Africa, Sudan, Thailand, Timor‐Leste, Togo, 
Uruguay and Vietnam. She has been lecturer in the postgraduate diploma in foren-
sic anthropology and human rights (Universidad Nacional Mayor de San  Marcos, 
Perú), the master’s degree in forensic anthropology and bioarchaeology (Graduate 
School of the Pontificia Universidad Católica del Perú) and the doctorate in anthro-
pology at the Universidad Nacional de Córdoba, Argentina. She is a member of the 
Latin American Association of Forensic Anthropology and the International Com-
mittee of the Red Cross Forensic Advisory Group.

John W.L. Puntis BM (Hons), DM, FRCP, FRCPCH
As an undergraduate, John Puntis attended Southampton School of Medicine before 
undertaking postgraduate paediatric specialty training in Birmingham, UK, where 
he developed an interests in neonatology, gastroenterology and clinical nutrition. 



xii list of contributors 

In  1990 he moved to Leeds as director of Neonatal Services for Yorkshire, and 
 subsequently developed a multidisciplinary nutritional support team for the Leeds 
Children’s Hospital. He now works as a paediatric gastroenterologist helping to 
provide a regional service to a population of around three million; this includes 
a home parenteral nutrition programme (currently with eighteen patients). John 
has been a member of the nutrition committee of the British Society of Paediatric 
 Gastroenterology, Hepatology and Nutrition, the Royal College of Paediatrics and 
Child Health and the European Society of Paediatric Gastroenterology, Hepatology 
and Nutrition. His research interests have included the development of gastrointesti-
nal function, non‐invasive assessment of pancreatic exocrine function, and the deliv-
ery of safe and effective nutritional support. He is an associate editor of Archives of 
Disease in Childhood, and has published over 220 papers, letters and book chapters 
on gastroenterology and nutritional topics.

John Ralston
John Ralston is an executive director of the Institute for International Criminal 
 Investigations. He served for several years as the chief of investigations with the 
Office of the Prosecutor at the International Criminal Tribunal for the Former Yugo-
slavia (ICTY) with overall responsibility for the investigation of alleged atrocities in 
the Balkans. John was a foundation member of the ICTY. Joining as an investigation 
team leader, he was responsible for establishing the tribunal’s first investigations and 
preparing its standard operating procedures. In 2014 he was chair of the Interna-
tional Crimes Evidence Project which examined alleged crimes in the closing stages 
of the war in Sri Lanka. A former homicide detective in Australia, he spent several 
years investigating Nazi war criminals for the Commonwealth Attorney‐General’s 
Special Investigations Unit. In 2004–2005 he served as chief investigator for the UN 
Independent Commission of Inquiry for Darfur, Sudan. He also spent four years 
leading organized crime investigations and criminal asset recovery actions with the 
New South Wales Crime Commission.

Padma Rao BSc Hons, MBBS, MRCP, FRCR, FRANZCR
Padma Rao is a UK‐trained physician and radiologist and has specialized in pae-
diatric radiology since 1996. Padma underwent subspecialty paediatric radiology 
training at Alder Hey Children’s Hospital, Liverpool, and Westmead Children’s Hos-
pital, Sydney, before being appointed as a consultant paediatric radiologist at the 
Royal Children’s Hospital, Melbourne and honorary senior lecturer at the University 
of Melbourne in 2002. Padma has particular interests in imaging of the paediatric 
urinary tract and in the area of non‐accidental injury. Padma has authored many 
journal articles and presentations, along with several book chapters on the topic of 
non‐ accidental injury, and has been a speaker at many national and international 
meetings. Padma works closely with the Victorian Institute of Forensic Medicine 
reporting the postmortem imaging in children in Victoria. Padma is a member of the 
International Society of Forensic Radiology and Imaging and is on the paediatric 
post mortem imaging task force. Padma maintains an active teaching role and is an 
examiner for the Part II Fellowship of the Australian and New Zealand College of 
Radiologists Board examinations. She has contributed to the teaching units for the 
masters in forensic medicine degree at Monash University. She is actively involved in 



 list of contributors xiii

the Executive of the Australian and New Zealand Society for Paediatric  Radiology 
having completed a three year term as Treasurer. In her present role at the Royal 
Children’s Hospital, she is Director of Medical Imaging. Padma has a keen interest in 
quality in healthcare and is on the Royal Children’s  Hospital  Executive Innovations 
and Improvement Committee.

Keith J.B. Rix BMedBiol (Hons), MPhil, LLM, MD, FRCPsych, Hon FFFLM
Keith Rix is an honorary consultant forensic psychiatrist in the Norfolk and Suf-
folk NHS Trust. His involvement in the forensic field began in the 1960s when 
he lived in hostels in London with ex‐offenders and assessed prisoners for hostel 
admission. He qualified in medicine in Aberdeen in 1975 and trained in psychia-
try in Edinburgh and Manchester. In Manchester he was a lecturer in psychiatry 
and carried out his doctoral research under the supervision of Professor Sir David 
Goldberg. In 1983 he moved to Leeds as senior lecturer in psychiatry and became 
a visiting consultant psychiatrist at HM Prison, Leeds. He established the Leeds 
Magistrates’ Court Mental Health Assessment and Diversion Scheme and the city’s 
forensic psychiatry service. His research has included studies of drunkenness of-
fenders in a Scottish burgh police court, arson and psychiatric disorder in  prisoners. 
He has provided expert evidence to the courts for 30 years, including evidence on 
a pro bono basis in capital cases in the Caribbean and Africa. He is the author 
of Expert Psychiatric Evidence, editor of A Handbook for Trainee Psychiatrists 
and co‐author, with his wife, Elizabeth Lumsden Rix, of Alcohol Problems. Until 
recently he was chair of the Fitness to Practise Panel of the Medical Practitioners 
Tribunal Service and a part‐time lecturer in the Department of Law, De Montfort 
University, Leicester. He is now Visiting Professor of Medical Jurisprudence, Insti-
tute of Medicine, University of Chester. He also has an interest in medical ethics and 
has recently published on the subject of the involvement of health professionals in 
capital punishment.

Anny Sauvageau MD MSc FRCPC
Anny Sauvageau started her career as a forensic pathologist in Montreal in 2002. 
In 2009, she moved to Alberta where she was deputy chief medical examiner 
(2010) and chief medical examiner (2011–2014). She is an associate clinical pro-
fessor at the University of Alberta and the University of Calgary, and is a well‐
known expert on asphyxia. Anny received her medical degree from the University 
of Montreal in 1996 and is board certified in anatomical pathology. She has a 
founder designation in forensic pathology from the Royal College of Physicians 
and Surgeons of Canada in recognition of her contribution to the development 
of this new specialty in Canada. She was vice president of the forensic pathology 
examination board of the Royal College of Physicians and Surgeons of Canada 
(2007–2012). She was also the founder of the residency programme in forensic 
pathology at the University of Alberta, and the programme director from 2011 to 
2015. Anny is the author of more than 75 papers in peer‐reviewed forensic jour-
nals and a highly sought international speaker. She is the founder of the working 
group on human asphyxia. Her innovative approach to forensic research has sig-
nificantly improved understanding of the pathophysiology of hanging and other 
types of strangulation.



xiv list of contributors 

Robert D. Sheridan BSc (Hons), PhD, CBiol, FRSB
Bob Sheridan is a life scientist with a background in physiology and pharmacology. 
After obtaining his doctorate in central nervous system neuropharmacology from 
the University of Bath, UK in 1982, he went to work as a postdoctoral CNS elec-
trophysiologist in the Department of Psychiatry, University of Manchester and then 
in the Institute of Physiology, Ludwig‐Maximilians University, Munich. In 1989, he 
moved from academia to the pharmaceutical industry, becoming a research pharma-
cologist at the Syntex Research Centre, Edinburgh, and later at Quintiles Research, 
Edinburgh. Since 1998, he has worked as a researcher at the UK Defence Science 
and Technology Laboratory (Dstl). His introduction to less‐lethal weapons came 
in 2001, when Dstl were commissioned to assess the medical effects of conducted 
energy devices (CEDs) to support a review of this technology by the UK’s independ-
ent Defence Scientific Advisory Council sub‐committee on the Medical Implications 
of Less‐Lethal Weapons (DOMILL). The TASER® CED was subsequently intro-
duced into policing in England and Wales in 2003, Scotland in 2005 and Northern 
 Ireland in 2008. Bob continued to provide impartial advice to DOMILL until it was 
 replaced in 2012 by the Scientific Advisory Committee on the Medical Implications 
Less‐Lethal Weapons (SACMILL). He continues to advise SACMILL on CEDs and 
other less‐lethal weapons. He is a member of the police National (formerly ACPO) 
Less‐Lethal Weapon Working Group, serves on the editorial board of the Journal of 
Forensic and Legal Medicine, and is a chartered biologist and Fellow of the Royal 
Society of Biology.

Sara L. Short BSc, PhD, MCSFS
Sara Short is a highly experienced expert witness in the area of crimes against the 
person involving DNA profiling, body fluid analysis, blood pattern analysis, damage 
assessment, hairs and examination of stomach contents. She is director of a small fo-
rensic firm providing services for the defence, acts as a consultant for a main forensic 
provider in the UK and occasionally works directly with police forces. She has given 
evidence on numerous occasions in Magistrates’ and Crown Courts in England and 
Wales and from time to time in other jurisdictions. Sara obtained a first class hon-
ours degree in biology from the University of Durham and studied blood groups in 
body fluids at the Forensic Science Unit at the University of Strathclyde for her doc-
torate. She has a certificate in management from Bristol Polytechnic Business School. 
She was employed by the Forensic Science Service and her career has run alongside 
the development of DNA profiling analyses. She provides visiting lectures to the fo-
rensic programmes at a number of universities, but principally at the University of 
Wolverhampton. Sara is a professional member the Chartered Society of Forensic 
Sciences. Sara became a reviewer for the Journal of Forensic and Legal Medicine 
(formerly Journal of Clinical Forensic Medicine) in Spring 2008 and has published 
on a range of different topics in forensic science and its teaching.

J. Anne S. Smith MBBS, FRACP, MForens Med, FFCFM (RCPA)
Anne Smith trained as a paediatrician in Melbourne and has worked in the field of 
child abuse and in private practice as a general and community paediatrician since 
1989. She has been director of the Victorian Forensic Paediatric Medical Service 
since July 2006. She has a longstanding interest in medical education. She  developed 



 list of contributors xv

three units for the master’s in forensic medicine degree at Monash University, in-
cluding a unit in child and adolescent sexual abuse and a unit in physical child 
abuse which were modified from an existing single unit of study in child abuse. Anne 
also produced a new unit titled ‘Advanced issues in child abuse’. She has coordinated 
and taught all three units, and is currently teaching the advanced unit after handing 
on to others the teaching role for the first two units.

Over the last 25 years she has taught medical students at the University of 
 Melbourne, local, national and international paediatricians, GPs, nurses, child 
 protection workers, police and allied heath professionals about the medical as-
pects of child abuse and neglect. She has published articles and book chapters, 
 produced seminars and workshops and  has also been involved in developing train-
ing programmes for building doctors’ clinical expertise in the medical evaluation of 
 suspected child abuse and neglect. She has presented at national and international 
conferences. She has been involved in several committees of the Royal Australa-
sian College of Physicians, including the Division of Paediatrics Council when she 
was chair of the Chapter of Community Child Health. She is currently a member 
of the governing committee of the Australasian Association of Forensic Physicians 
and is a member of the Faculty Committee of the Faculty of Clinical Forensic Medi-
cine, Royal College of Pathologists, Australasia. Anne has been involved in writing 
policy and developing practice guidelines regarding child abuse and neglect for the 
RACP and for the services in which she has been employed. She has served on several 
committees and advisory groups for local government, including the Victorian Child 
Death Review Committee. Her international work includes training and lecturing in 
Vietnam and Cambodia.

Margaret M. Stark LLM MSc (Med Ed) MB BS FFFLM (Founding) FACBS 
FHEA FACLM FRCP FFCFM (RCPA) DGM DMJ DAB
Margaret Stark is the clinical lead for Tascor Medical Services, UK providing clinical 
forensic medical services for Surrey Police and a forensic medical examiner for the 
Metropolitan Police Service (MPS), London. She is the chair of the forensic science 
sub‐committee of the Faculty of Forensic and Legal Medicine (FFLM) and a member 
of the academic committee. She worked in Sydney as director of the Clinical Forensic 
Medicine Unit for New South Wales Police Force for three years and was an adjunct 
professor in the Faculty of Medicine, University of Sydney from 2012 to 2015. Before 
working in New South Wales she worked as a forensic physician with the Metro-
politan Police Service for 22 years and was the first medical director of the Forensic 
Health Care Service, Southminster, UK from 2010 to 2011. She was instrumental 
in establishing the FFLM and the founding academic dean, a post she held from 
2006 to 2011, leading the team responsible for establishing the faculty membership 
 examination. She was also a member of the Australasian Association of Forensic Phy-
sicians’ committee working with the Royal College of Pathologists of  Australasia to 
establish a faculty of clinical forensic medicine to cover Australasia. She was awarded 
the David Jenkins Professorship in Forensic and Legal Medicine in 2011. Marga-
ret has written extensively in the field of clinical forensic medicine, including the 
third edition of Symptoms and Signs of Substance Misuse (September 2014) and has 
also been involved in a number of collaborative quantitative and qualitative research 
 projects, including the UK government’s research into drugs and driving.



xvi list of contributors 

Danny H. Sullivan MBBS, MBioeth, MHlthMedLaw, AFRACMA, FRCPsych, 
FRANZCP
Danny Sullivan is a consultant forensic psychiatrist. His medical qualification was 
from the University of Melbourne and he later obtained postgraduate degrees in 
bioethics and in medical law. He trained in psychiatry at the Maudsley Hospital, 
London and the Institute of Psychiatry, and was awarded the Laughlin Prize of the 
Royal College of Psychiatrists. Danny subsequently completed psychiatry  training in 
Australia and has since worked at the Victorian Institute of Forensic Mental Health 
(Forensicare). He is responsible for the statewide community forensic mental 
health service and has interests in intellectual disability and in sexual offending. He 
has worked in a number of prisons in the United Kingdom and Australia. He pro-
vides expert psychiatric evidence in criminal and coronial jurisdictions. In addition, 
he holds honorary academic appointments and is involved in teaching and research, 
with fifteen book chapters and over twenty academic publications.

Denise Syndercombe Court MSB, CBiol, FIBMS, CSci, DMT, MFSSoc, PhD
Denise Syndercombe Court is a reader in Forensic Genetics at King’s College  London 
and Honorary Research Fellow in Haematology at Barts Hospital and the London 
School of Medicine and Dentistry, both in London. She trained as a specialist teacher 
in evidence‐based approaches in medicine and has recently coedited and written 
Medical Sciences, a comprehensive text on the science of medicine. In addition to her 
medical teaching, Denise teaches forensic science at undergraduate and  postgraduate 
levels and runs a laboratory that specializes in complex family relationships. She is 
an active researcher works collaboratively across Europe as part of the Euroforgen 
Network of Excellence in Forensic Genetics. She represents the United Kingdom on 
the European DNA Profiling Group (EDNAP) and as a  member of the International 
Society for Forensic Genetics she represents the society on the UK Forensic Regula-
tor’s DNA working group. Denise is a council member of the British Academy of Fo-
rensic Science and is science editor of their journal,  Medicine,  Science and the Law. 
As a specialist in forensic science she regularly conducts  forensic  examinations and 
attends court as an expert witness, working for both the defence and prosecution.

Gary M. Vilke MD, FACEP, FAAEM
Gary Vilke is a professor of clinical emergency medicine on the faculty in the Depart-
ment of Emergency Medicine, University of California, San Diego (UCSD) and is the 
former medical director for the County of San Diego Emergency Medical Services. 
Gary currently serves as the co‐director for custody services at UCSD as well as the 
director for clinical research for the Emergency Department. He currently serves as 
the medical director for risk management for the UC San Diego Health System. He 
did his undergraduate training at the University of California, Berkeley and attended 
medical school at UCSD. He finished his residency in emergency medicine at UCSD 
in 1996 and has been on the emergency medicine faculty since then. His research fo-
cus has been in the areas of tactical medicine and prehospital care and has published 
over 180 articles and 45 book chapters, including over 50 publications on topics 
including positional asphyxia, weight force on the back, OC (irritant) spray, neck 
holds, restraint chairs, Excited Delirium Syndrome and the TASER®. He has lectured 
internationally on the topics of in‐custody death syndrome. He has been funded by 



 list of contributors xvii

several national organizations, including the National Institute of Justice, the Police 
Executive Research Forum (PERF) and the Institute for the Prevention of In‐Custody 
Deaths (IPICD), to udertake research in these fields.

David M. Wood MD, FRCP, FACMT, FEAPCCT, FBPhS
David Wood is a consultant physician and clinical toxicologist, and service  (clinical) 
lead for medicine at Guy’s and St Thomas’ NHS Foundation Trust and King’s Health 
Partners, London. He is also an honorary senior lecturer in teaching and research at 
King’s  College London. He has an active research and clinical interest in the epidemi-
ology of use and acute harms  associated with classical recreational drugs and novel 
psychoactive substances. He has published just over 170 peer‐reviewed papers and 
review articles, numerous book chapters and co‐edited a textbook on novel psycho-
active substances. He is on the editorial board of the Journal of Medical Toxicology. 
David is an expert adviser to the European Monitoring Centre for Drugs and Drugs 
Addiction (EMCDDA) and sits on the UK Advisory Council on the Misuse of Drugs 
(ACMD) technical committee and novel psychoactive substances (NPS) working 
groups and is the clinician  member of the ACMD NPS watch list. 





Preface

Forensic medicine is a broad and evolving field in which many points of controversy 
and change occur between the publication of standard textbooks, often because of 
new research, new technology or new laws or regulations. There is considerable 
overlap between the clinical and pathological aspects of this area of practice. This is 
the second in a series of volumes aimed at providing a practical update on areas 
relevant to clinical practice and a focus for debate in the selected topics. Each  chapter, 
written by specialists within their respective fields, is intended to give a stimulating 
and sometimes controversial general overview of the area under discussion with 
reference to the published literature. The chapters contain details of significant 
changes or significant points that the reader should be aware of. In some cases, the 
chapter covers areas that have not previously been fully discussed in existing 
 textbooks or that are currently highlighted in forensic practice. The book aims to be 
of direct relevance to a multiprofessional, international audience and provide a guide 
to current approaches to the subject area, although examples may be drawn from 
specific jurisdictions to enable readers to relate to their own practice.

This volume contains a range of current, new and often controversial subjects, 
including chapters on DNA decontamination and forensic sample collection, the 
toxicity of novel psychoactive substances, the use of gastric contents in the timing of 
death, the physiological and physiological effects of controlled energy devices, the 
main risk factors of driving impairment, the risk factors for harm to health of 
 detainees in short‐term custody, autoerotic deaths, child maltreatment and neglect, 
and the investigation of potential non‐accidental head injury in children. Also 
included are chapters on Excited Delirium Syndrome, automatism and personality 
disorders, each of which is relevant to everyday clinical practice. Two topics not 
generally covered in standard clinical forensic medical textbooks include a forensic 
anthropological approach to body recovery in potential crimes against humanity, 
and risk management and security issues for the forensic practitioner investigating 
potential crimes against humanity in a foreign country.

The opinions expressed in this volume are those of the chapter authors and do not 
necessarily represent those of the editors or the publishers. We hope that this new 
volume will once again stimulate discussion and reflection on practice, even if the 
reader may have different opinions from some of the views expressed here.

John A.M. Gall, Melbourne

J. Jason Payne‐James, Southminster

May 2016
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DNA contamination – a 
pragmatic clinical view
John A.M. Gall and Denise Syndercombe Court

1
Contamination considerations

Forensic DNA testing has had a significant impact on the investigation of crimes. 
Initially developed in the mid‐1980’s by Alec Jeffreys and his group (Jeffreys, Wilson 
and Thein, 1985), the original ‘fingerprinting’ procedure has been modified and 
refined to the point where ‘DNA profiling’ has seemingly attained infallibility status 
(Koehler, 1993; National Research Council, 1996; Thompson, 1997). This status has 
been acquired and/or enhanced by its use in the exoneration of persons falsely 
 convicted of various crimes and the subsequent successful conviction of the apparent 
perpetrators (Innocence Project, 1992). The concept of DNA infallibility in the inves-
tigation of crimes has, however, led to some significant miscarriages of justice. It is 
these exceptions that serve as a warning that the use of DNA profiling in  criminal 
investigations requires a full understanding of the process by those employing the 
technology, and caution in the interpretation of the findings and their subsequent 
application in the legal system.

Different types of error may occur in any scientific procedure; DNA testing is no 
exception. DNA profiling is not and never has been infallible. There are many 
potential sources of error in its application. If it is to be applied competently within 
the legal system, all persons utilizing DNA data must have some understanding of 
the science behind it and of its potential sources of error. What is apparent is that 
many involved in the process, whether for specimen collection, testing, interpreta-
tion, application or presentation in court, have a poor understanding of DNA 
 technology and its limitations, the potential for both error and misinterpretation, 
and the consequences of these when judged in a court of law. The sources of error 
are many and it is not our intention to examine them all. Instead, this chapter will 
address the issue of DNA contamination of items  –  other than their deliberate 
 contamination  –  and consider this in relation, in particular, to the work of the 
forensic physician.

Does DNA contamination occur? The answer is yes, and there are some very high‐
profile cases to demonstrate its occurrence – probably it occurs far more frequently 
than we appreciate. The following examples of accidental contamination illustrate 
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how easy it is for contamination to occur and how DNA profiling results may too 
readily be accepted without question.

The ‘Phantom of Heilbronn’

Between 2007 and 2009, the German police were confronted by an apparent 
unknown female criminal who had been linked by DNA to some 40 crime scenes 
over a fifteen‐year period (BBC News, 2009; Himmelreich, 2009). These crimes, 
which included six homicides and various burglaries and break‐ins, had occurred in 
locations across Austria, France and Germany. Dubbed the ‘Phantom of Heilbronn’ 
following the murder of a young policewoman, Michele Kiesewetter, in Heilbronn  
in 2007, the hunt for this mystery female intensified and a substantial reward of 
€300,000 was offered for information leading to her capture. In 2009, the German 
police eventually unearthed the identity of the murderer and thief. The answer had 
been in plain sight all the time and is a stark reminder of the fallibility of DNA 
profiling.

In March 2009, while investigating the case of an unidentified, burned, deceased 
male from 2002, the Phantom’s DNA profile was detected when re‐examining the 
fingerprints of a male asylum‐seeker taken years earlier in order to reveal his DNA 
profile. The improbability of this finding resulted in the DNA test being repeated 
using a second swab to collect more DNA from the specimen. This time the Phantom’s 
DNA was not identified. The problem was revealed as one of DNA contamination 
and the identified DNA was that of a female worker on a production line for cot-
ton‐tipped swabs  –  swabs used by various police forces across Europe to collect 
specimens at crime scenes.

Stefan König of the Berlin Association of Lawyers was reported (Himmelreich, 
2009) to have made a very pertinent comment in relation to placing too much 
 credence on identifying trace amounts of DNA:

What we need to avoid is the assumption that the producer of the traces is  automatically 
the culprit. Judges tend to be so blinded by the shiny, seemingly perfect evidence of 
DNA traces that they sometimes ignore the whole picture. DNA evidence on a crime 
scene says nothing about how it got there. There is good reason for not permitting con-
victions on the basis of DNA circumstantial evidence alone.

His comment has proved to be correct and the question of how the DNA ‘got 
there’ is particularly pertinent.

The Jama case

On 21 July 2008 a young Somalian male, Farah Abdulkadir Jama, was found guilty 
and imprisoned for the rape of a 48‐year‐old female in a Melbourne nightclub on 15 
July 2006. The sentence was for six years with a non‐parole period of four years. It 
was alleged that Mr Jama had sexually assaulted the woman, who had been found 
unconscious in a toilet cubicle, locked from the inside. Although the woman had 
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consumed alcohol that evening, its effects were in excess of her expectations and 
raised the possibility that she had been drugged, presumably by her drink or drinks 
being spiked. Subsequent toxicological analysis did not support this assumption but 
did show a high blood alcohol level.

The normal procedure for cases of acute alleged sexual assault in the State of 
Victoria is that victims are taken to one of several designated examination suites 
located within some of the major metropolitan hospitals. Within these suites a foren-
sic examination is undertaken by a forensic medical officer (FMO) or forensic physi-
cian (FP) and specimens are collected and provided to the police. This occurred in the 
case of this female and Mr Jama’s DNA was identified during subsequent forensic 
laboratory testing of biological specimens from the alleged victim. As a result, Mr 
Jama was found guilty of a sexual assault and sentenced to imprisonment, of which 
he completed approximately fifteen months prior to his being acquitted by the Court 
of Appeal.

The case against Mr Jama had been based on a single piece of evidence: that his 
DNA had been identified on a single slide preparation and associated swab collected, 
among other swabs, from the alleged victim when examined by the FMO. The 
matching DNA was, in fact, recovered from only one of two swabs taken from the 
endo‐cervical region of the woman and was not present on two other swabs taken 
from within the vagina. In addition, from the available information, his DNA did 
not appear to be on the alleged victim’s clothing. Also of importance was that Mr 
Jama had never attended the nightclub in question (based on evidence tendered to 
the court) and there was no evidence to suggest otherwise.

Following Mr Jama’s acquittal, the Hon. Justice Vincent undertook an enquiry on 
behalf of the Victorian Department of Justice (Vincent, 2010). He came to the opin-
ion that the most likely cause for Mr Jama’s DNA appearing on the swab was as a 
result of contamination within the clinical examination suite. Part of the reasoning 
supporting this was a failure to find any evidence to suggest that Mr Jama’s DNA 
could have come in contact with material from the alleged victim after the swabs had 
been packaged in any other way, and, more significantly, that the FMO undertaking 
the examination of the alleged assailant had undertaken a similar examination of 
another woman about one day previously in the same examination suite. This female 
had engaged in a sexual activity with Mr Jama, an issue that had not led to any 
charges being placed.

It is of note that Mr Justice Vincent was of the view that:

Not only was the evidence against him [Mr Jama] ultimately revealed as inherently unre-
liable but, it came to be recognized, the likelihood that he had committed the offence 
allegedly was, at the risk of understatement, remote and found to have been perpetrated 
in circumstances where it seemed to be highly improbable that there was any crime at all.

Mr Justice Vincent went on to say:

In other words, the DNA evidence was, like Ozymandias’ broken statue in the poem by 
Shelley, found isolated in a vast desert. And like the inscription on the statue’s pedestal, 
everything around it belied the truth of its assertion. The statue, of course, would be seen 
by any reasonably perceptive observer, and viewed in its surroundings, as a shattered 
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 monument to an arrogance that now mocked itself. By contrast, the DNA evidence appears 
to have been viewed as possessing an almost mystical infallibility that enabled its 
 surroundings to be disregarded. … After following this history of the proceedings against 
the unfortunate Mr Jama from their origins through to their disastrous conclusion of his 
conviction, I have been left with the deep impression that at virtually every point, and by 
almost everyone involved, it was handled with so little insight into the issues which it 
 presented that no need was seen to explore further or conduct research into them. This was 
particularly so in the case of those involved in the legal processes. There were ample  warning 
signs along the way that suggested that something was amiss but they were simply not read.

These views are very similar to Stefan König’s in relation to the Phantom case (dis-
cussed above) and have echoes in the case that follows. In contrast, it was the disbe-
lief of a police officer in the Adam Scott case (discussed below) that revealed another 
case of contamination.

Mr Justice Vincent made a number of recommendations for change in relation to 
the examination facilities, specimen collection equipment and the legal processes. 
Importantly, as the swabs and slides used for the collection of DNA evidence were 
taken from readily and generally accessed trolleys located within the examination 
suites rather than from dedicated DNA collection kits, recommendations made were 
that the specimen collection equipment be kept separate from the trolleys and in 
locked storage accessed only by the examining doctor. Further, it was recommended 
that any unused specimen collection equipment prepared for an examination be 
disposed of.

Following tabling of Mr Justice Vincent’s report, the Victorian Department of 
Justice implemented many of the recommendations (Smith, 2011) as well as the 
development and implementation of a forensic medical examination kit. This is now 
in use in examination suites throughout Victoria.

LGG forensics

In October 2011, Mr Adam Scott was charged with the rape of a female in Manchester, 
UK. He was arrested and held in custody by the Greater Manchester Police based on 
DNA evidence alone, which had been obtained from a vaginal swab taken from the 
alleged victim. Mr Scott, who lived in Exeter, denied ever having been in Manchester 
and an analysis of his mobile telephone by the police indicated that he was not in the 
area of the reported rape. The detective leading the investigation voiced concern 
regarding the reliability of the DNA result and the matter was subsequently investi-
gated (Rennison, 2012).

The case was reviewed and, after further DNA testing, the probable cause of what 
was in fact contamination leading to the incorrect charging of Mr Scott was that 
within the testing laboratory there had been an inappropriate reuse of a disposable 
plastic tray, which had then contaminated the sample from the female. Mr Scott’s 
DNA was in the system within the laboratory as he had been involved in an incident 
involving British Transport Police, during which there was spitting, resulting in his 
DNA sample being submitted for assessment. Mr Scott’s saliva DNA sample, with its 
high‐level male DNA, from this earlier, unconnected incident had been present in one 
of the wells in the automated tray that was incorrectly reused in the laboratory, the 
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same one that the sample from the alleged female victim (actually containing only 
her DNA) was subsequently loaded. The error was revealed when the reports of this 
fully accredited laboratory were reviewed. Initially, retesting of the original DNA 
extract confirmed the original findings of Mr Scott’s potential culpability. This 
extract, however, had already been contaminated due to the reuse of the plastic dis-
posable tray. When this possibility was raised, a complete retesting of the original 
swabs from the female was undertaken; these showed that Mr Scott’s DNA was not 
present at all. The charges against him were subsequently withdrawn.

Jaidyn Leskie

Jaidyn Leskie was a 14‐month‐old child. On 15 June 1997, he disappeared while 
in the care of a family friend. Five and a half months later, Jaidyn’s body was found 
floating in Blue Rock Dam, Victoria, in the district in which he had lived and was 
being cared for. Various investigations were made into the child’s death and the 
findings were reported by the Victorian State Coroner in 2006 (Johnstone, 2006). 
According to the report, a search of the dam where Jaidyn was found revealed the 
presence of a plastic bag containing some of his clothing. On the bib and tracksuit 
a female DNA profile was identified and, in subsequent investigations in the early 
2000’s, a search of the Victoria Police Forensic Services Centre’s (VPFSC) database 
revealed a match to the DNA profile of a female rape victim. Police investigation 
indicated that this woman was unlikely to have had links to the toddler. This raised 
the possibility of contamination. The matter was addressed in the Coronial inves-
tigation and involved the testimony of experts on the subject from a variety of 
laboratories. The VPFSC argued that contamination was unlikely given the pro-
cesses that they engaged in and considered that the profile from the bib and track-
suit was not the identified female but that of another, unidentified individual, the 
result of what they referred to as an ‘adventitious match’.

The DNA aspect of the case was interesting as the VPFSC continued to  maintain 
the adventitious match hypothesis rather than admit to a possible contamination 
within the laboratory, despite the fact that clothing from both cases – the child 
and the rape victim – was received within seven minutes of each other, and that 
the two cases were examined by the same person within a relatively short time‐
frame, albeit in different locations within the laboratory. It was possible that a 
single pair of scissors, wiped clean between each use with 70% alcohol (which, 
it  should be noted, does not denature DNA), may have been used to cut cloth 
 samples from each case. In light of the evidence, it is difficult to accept the adven-
titious match hypothesis.

The four cases outlined above illustrate how contamination can occur in different 
settings. The first is where contamination takes place in the preparation of materials 
being used for the purpose of DNA collection; the second is of the potential for cross‐
contamination in forensic examination suites; and the third and fourth show how 
contamination can occur within the laboratory setting. The last does occur occasion-
ally and processes are implemented within laboratories in an effort to detect such 
contaminations. Irrespective of where the contamination occurs, however, it will 
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never be detected if those investigating it do not consider the  possibility seriously and 
remain open to the potential for contamination to take place in their own domain.

DNA profiling

The first use of DNA in criminal justice was when Alec Jeffreys used his DNA ‘fin-
gerprinting’ technique to assist in the identification and conviction of Colin Pitchfork 
for the rape and murder of two young women in Leicestershire in 1983 and 1986. 
The technique involved the identification of a particular DNA sequence through the 
use of a radioactive‐labelled complementary sequence, or multi‐locus probe, within 
variable lengths of DNA cut with restriction enzymes (known as restriction fragment 
length polymorphisms). Electrophoresis pulls the charged DNA through a gel matrix, 
with the fragments being spread out according to size. Fragments containing the 
bound probes can be visualized by exposure to an x‐ray plate and are seen as dark 
bands, which can be likened to a bar code. The resulting pattern is known as a DNA 
fingerprint and is identical within an individual and essentially unique. This provides 
a powerful tool if the DNA fingerprint from a crime scene matches that of a suspect. 
However, despite its accuracy and reproducibility, the technique requires DNA in 
microgram amounts and is slow.

Two scientific developments have since changed DNA analysis into the DNA pro-
filing technique used today:

 • The polymerase chain reaction (PCR) has enabled picogram amounts of DNA 
to be multiplied, incorporating fluorescent probes into the copies, thus allow-
ing visualization.

 • The discovery of polymorphic mini‐satellites within the genome. Mini‐satel-
lites are repeated sequences of 2–5 nucleotides (the building blocks of DNA) 
and are known as short tandem repeats (STRs). Probes are prepared that bind 
to the sequence outside the repetitive region and the PCR reaction makes cop-
ies of the repeat sequence. The STR and its flanking sequence are selected so 
that they are found only once in the genome. The different‐sized molecules 
produced reflect the number of repeats and these are separated by means of 
electrophoresis. A DNA profile is a list of numbers of repeats, each obtained 
from a selected area of the genome.

Sample collection

Perhaps the most important part of the process in DNA profiling is at the beginning 
of the process. The integrity and preservation of collected DNA, representing what 
is believed to be material likely to be associated with the crime scene, is vital. With 
the ability to profile DNA from just a few cells, individuals responsible for law 
enforcement and crime scene management need to be acutely aware of the ease with 
which DNA on an item can be transferred to other areas, or contaminated with 
extraneous and unrelated DNA, as illustrated in the Jama case discussed above.
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In addition to protective clothing and defined processes to avoid contamination, 
discussed in more detail below, the integrity and documentation of material collected 
directly from the crime scene requires:

 • A detailed record of what was found, with annotated photographs, sketches 
and measurements.

 • Items of evidence collected into clearly and appropriately labelled individual 
paper containers which are securely sealed to maintain a proper chain of cus-
tody. Plastic bags are to be avoided as any retained moisture can speed DNA 
degradation.

 • Use of a double swabbing (wet then dry) technique to collect biological stains 
from items that cannot be moved. DNA‐free water opened at the scene is 
used to rehydrate biological material followed by a dry swab to collect any 
remaining cells. The choice of swab material is important in the subsequent 
analysis, as is the need for the swab to be left to dry. DNA survives better 
when dry, avoiding hydrolytic cleavage of the sugar‐base bond which leads to 
loss of the base and subsequent single strand breaks in the DNA molecule. 
(This is discussed in more detail below.) Drying also protects the material 
from any DNA‐digesting enzymes that may be prevalent from contaminating 
bacterial growth.

DNA extraction and quantification

DNA extraction methods are designed to separate proteins and other cell compo-
nents from the DNA molecule and to remove any inhibitors of the PCR process. All 
samples must be handled carefully to avoid contamination, regardless of what 
extraction method is used. (Laboratory protocols are considered below.)

Quantification is important as non‐human DNA may be extracted, along with 
human material. It is important in the subsequent analysis to know how much 
human DNA is present. Methods are also available to inform the scientist about how 
much male DNA is present and to provide information about the presence of PCR 
inhibitors.

DNA amplification

This process not only multiplies the DNA present for analysis, but also selects the 
particular DNA sequence to be analysed and incorporates fluorescent chemicals in 
the subsequent amplicon to allow downstream analysis. Essentially, some 30 heating 
and cooling cycles in a reaction with the appropriate chemical constituents and a 
polymerase enzyme (required to assemble the DNA chain) doubles the selected 
sequence, producing in excess of several million copies of the targeted sequence. 
Direct amplification methods have been developed which can decrease the risk of 
contamination by avoiding the extraction processes described above.
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PCR offers both advantages and disadvantages:

 • Very small amounts of DNA can be analysed, down – potentially – to single 
cells.
 ◦ This highlights the risk of the presence of contaminating cells which are 

then analysed along with the intended DNA, leading to significant prob-
lems in interpretation and underlines the importance of consumables and 
reagents being DNA‐free (Gill, Rowlands, Bastisch et al., 2010). As the 
‘Phantom’ case above illustrates, gross contamination can also result if 
manufacturers do not treat their products to remove any DNA. This hap-
pened in the United States where a DNA‐concentrating device used in 
several laboratories was grossly contaminated with DNA from a female 
member of their staff (Butler, 2012).

 ◦ Negative controls are used to support the absence of reagent 
contamination.

 ◦ Particularly important in low template analysis, where amplification is 
increased or DNA detection is enhanced, is a repeat analysis which can 
help control for environmental or plastic consumable contamination.

 • Fragmented DNA molecules can be analysed, down to a few hundred base‐pairs.

 • Different DNA sequences can be multiplied at the same time (multiplex PCR).

 • Primers are selected that target only human‐specific sequences.

However, amplification may fail if:

 • The PCR process is inhibited due to the DNA molecule being damaged by 
exogenous factors. This is also the aim of cleaning processes.

The very high template amplicons that result following PCR also provide a high 
risk for contamination. It is for this reason that laboratories have a strict policy of 
separation of areas, equipment and protective clothing, and use one‐way movement 
through the laboratory between pre‐ and post‐amplification facilities.

DNA separation and detection

Electrophoresis is the process used to separate different‐sized DNA molecules, such 
as those DNA template copies in the amplicon. The separation process has to be 
 sufficient to allow the resolution of DNA template copies that differ by only a single 
base in their sequence length. This is achieved using very fine long capillaries.

DNA is introduced to the capillary through an electro‐kinetic injection and the 
electric charge draws the material through. At a particular point along the capillary 
the fluorescent label (fluorophore), introduced into the template during amplifica-
tion, is detected by laser excitation and a photosensitive detector. Smaller molecules 
arrive at the detector first and the time of detection is used to assign size (length) of 


