


Biosecurity in Animal Production and  
Veterinary Medicine

From Principles to Practice





Biosecurity in Animal 
Production and 
Veterinary Medicine  
From Principles to Practice

Edited by

Jeroen Dewulf

Faculty of Veterinary Medicine, Ghent University, Merelbeke, 
Belgium



CABI is a trading name of CAB International

CABI CABI
Nosworthy Way 200 Portland Street 
Wallingford Boston
Oxfordshire OX10 8DE MA 02114
UK USA

Tel: +44 (0)1491 832111 Tel: +1 (617)682-9015
E-mail: info@cabi.org E-mail: cabi-nao@cabi.org
Website: www.cabi.org

© CAB International 2026. All rights, including for text and data mining, AI training, 
and similar technologies, are reserved. No part of this publication may be reproduced 
in any form or by any means, electronically, mechanically, by photocopying, recording 
or otherwise, without the prior permission of the copyright owners.

The views expressed in this publication are those of the author(s) and do not necessarily 
represent those of, and should not be attributed to, CAB International (CABI). Any 
images, figures and tables not otherwise attributed are the author(s)’ own. References 
to internet websites (URLs) were accurate at the time of writing.

CAB International and, where different, the copyright owner shall not be liable for 
technical or other errors or omissions contained herein. The information is supplied 
without obligation and on the understanding that any person who acts upon it, or 
otherwise changes their position in reliance thereon, does so entirely at their own risk. 
Information supplied is neither intended nor implied to be a substitute for professional 
advice. The reader/user accepts all risks and responsibility for losses, damages, costs 
and other consequences resulting directly or indirectly from using this information.

CABI’s Terms and Conditions, including its full disclaimer, may be found at  
https://www.cabidigitallibrary.org/terms-and-conditions.

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

ISBN-13: 9781800629844 (hardback)
9781800629851(ePDF)
9781800629868 (ePub)

DOI: 10.1079/9781800629868.0000

Commissioning Editor: Alexandra Lainsbury
Editorial Assistant: Emma McCann
Production Editor: James Bishop

Typeset by Straive, Pondicherry, India
Printed and bound in the UK by CPI Group (UK) Ltd, Croydon, CR0 4YY



v

Contents

Contributors List� xiii

Preface� xix

1.  Circles of Disease Transmission� 1
Magdalena Dunowska
1.  Introduction� 2
2.  Common Steps in Transmission of Infectious Agents� 2
3.  Pathways of Pathogen Transmission� 8
4.  Factors Affecting the Spread of Pathogens Within Populations� 14
5.  Emerging Infectious Diseases� 17

2. � General Principles of Biosecurity in Animal Production and  
Veterinary Medicine� 23
Jeroen Dewulf, Qamer Mahmood, Anna Catharina  
Berge and Ilias Chantziaras
1.  Purpose and Scope� 24
2.  What Is Biosecurity?� 24
3.  Why Biosecurity Is Important� 25
4.  Structural Components of Biosecurity: External and Internal Biosecurity� 27
5.  Principles of Biosecurity� 30
6.  Critical Success Factors for Implementing a Biosecurity Program� 34
7.  Local Versus Regional Biosecurity� 36
8.  Conclusions� 38

3. � Biosecurity’s Role in Animal Health, Antimicrobial Use,  
and Farm Economics� 41
Beate Conrady, Pankaj Dhaka, Iryna Makovska,  
Philip Rasmussen, Jeroen Dewulf and Ana Rita Pinheiro Marques
1.  Biosecurity and Animal Health� 42
2.  Biosecurity and Production� 44



vi Contents

3.  Biosecurity and Antimicrobial Use and Resistance� 46
4.  Cost and Economic Impact of Farm Biosecurity Strategies� 49
5.  Conclusion� 59

4. � Inside and Outside the Barn: Linking Biosecurity  
to Livestock Environmental Impact� 68
James Chege Wangui, Ilias Chantziaras and Ilias Kyriazakis
1.  Introduction� 69
2.  Biosecurity in Meat-Producing Sheep Farms� 69
3.  Biosecurity in Broiler Farms� 70
4.  Consequences of Health Challenges on Livestock Emissions� 72
5. � Quantifying the Environmental Impacts of Biosecurity  

Measures inLivestock Production� 74
6.  Assumptions Made as Pointers for Future Directions� 84

5.  Understanding and Improving Biosecurity Compliance� 91
Jean-Pierre Vaillancourt, Armin Elbers, Manon Racicot,  
Alison Burrell and Mattias Delpont
1.    Introduction� 92
2.    What Is Observed on Farms� 92
3.    What Are the Issues?� 94
4.    Understanding the Behaviour� 94
5.    Capability� 96
6.    Opportunity� 97
7.    Motivation� 98
8.    Developing, Delivering, and Evaluating an Effective Intervention� 99
9.    Behaviour Change Techniques� 99
10.  Evaluating an Intervention� 102
11.  Conclusion� 102

6.  Measuring Farm-Level Biosecurity: Why, How and Who� 105
Jeroen Dewulf, Evelien Biebaut and Nele Caekebeke
1.  Why Would You Need to Measure Biosecurity?� 106
2.  What You Need to Measure When It Comes to Biosecurity� 107
3.  How to Measure On-Farm Biosecurity� 108
4.  Available Biosecurity Scoring Tools� 111
5.  Who Should Do the Assessment� 113
6.  Who Should Use the Data� 113
7.  Conclusion� 115

7.  Cleaning and Disinfection in Livestock Facilities� 117
Júlia da Mata Góes Silva, Julia Gabrielle Jerab,  
Laura Courtens, Ilias Chantziaras and Jeroen Dewulf
1.  Introduction� 118
2. � Practical Aspects of Cleaning and Disinfection:  

A General Protocol� 118
3.  Conclusions� 134



Contents vii

8.  How to Measure Hygiene at Farm Level� 138
Iryna Makovska, Evelien Biebaut, Pankaj Dhaka, Leonid  
Korniienko,Julia Jerab, Laura Courtens and Ilias Chantziaras,  
Jeroen Dewulf
1.  Introduction� 139
2.  Overview of C&D Procedures in Farm Facilities� 139
3.  Available Methods for Measurement of Hygiene at Farm Level� 140
4.  Comparison of Methods� 148
5.  Conclusions� 155

9. � Airborne Transmission of Infectious Diseases and  
Decontamination of Air� 160
Mattias Delpont, Armin Elbers and Scott Dee
1.    Foreword� 161
2.    What Is Airborne Transmission?� 161
3.    Beyond the Classical Concept of Aerosols� 162
4.    Three Steps to Airborne Contamination� 162
5.  �  What Does Experimental Data Tell Us On Airborne  

TransmissionBetween Farm Animals?� 162
6.  �  What Do Outbreaks of Infectious Diseases  

Tell Us on Farm-to-Farm Airborne Transmission?� 164
7.  �  Factors Affecting the Load of Potentially Infectious  

Particles in the Barns� 165
8.    Emission of Particles from Outside a Barn� 165
9.    Flying Insects, on the Boundary of Airborne Transmission� 166
10.  Particle Size and Pathogen Load� 166
11.  Stability of Airborne Particles and the Pathogens They Contain� 167
12.  Arrival of the Airborne Pathogen on the Target Host� 168
13.  Mitigation Methods in Farms: Available Tools� 169
14.  Conclusions and Practical Considerations� 172

10. � Feed Hygiene and Biosecurity in Feed Production:  
Historical and Current Perspectives� 176
Steven C. Ricke
1.  Introduction� 176
2.  Feed Microbial Ecology� 177
3.  Feed Contamination� 177
4.  Feed Hygiene Practices – Physical� 182
5.  Feed Hygiene Practices – Chemical and Biological Additives� 184
6.  Detection and Analyses� 186
7.  Feed Hygiene Management� 188
8.  Conclusions� 189

11.  Drinking Water Hygiene and Biosecurity� 197
Andrew Olkowski
1.  Introduction� 198
2.  Drinking Water Hygiene� 198
3. � Significance of Water Hygiene in the Contemporary  

Animal Industry� 199



4.    Chemistry of Drinking Water� 200
5.    Impact of Contaminants on Water Intake and Physiology� 200
6.    Biosecurity Aspect of Drinking Water Contaminants� 201
7.    Evaluation of Drinking Water Safety� 207
8.    Risk Associated with Drinking Water Contaminants� 209
9.    Water Biosecurity and Risk Management� 210
10.  Water Treatment� 211

12. � Role of Insects on Transmission of Pathogens  
in Livestock and Its Biosecurity Prevention� 219
Pankaj Dhaka, Iryna Makovska, Satoshi Otake and Jeroen Dewulf
1.  Introduction� 220
2.  Diseases Transmitted Through Insects� 222
3.  Biosecurity Measures for Insect Control in Livestock Systems� 228
4.  Foundations of IPM for Livestock Systems� 236
5.  Conclusions� 236

13.  Rodent Control in Animal Production� 241
Jeroen Dewulf and Iryna Makovska
1.  Introduction� 241
2.  Rodents and the Reasons for Their Success� 243
3.  Monitoring: How to Identify a Rodent Problem� 245
4.  How to Control Rodents� 245
5.  When to Control Rodents� 250
6.  Common Mistakes in Rodent Control� 251
7.  Conclusions� 251

14.  Biosecurity in Animal Transport� 253
Laura Courtens, Jeroen Dewulf, Luc Ledoux,  
Mattias Delpont, Derald Holtkamp and Scott Dee
1.  Introduction� 254
2.  Biosecurity Measures in Animal Transport� 254
3.  Conclusion� 270

15. Technological Tools to Improve Biosecurity� 274
Manon Racicot, Jean-Pierre Vaillancourt, Tim Nelson,  
Carlos Piñeiro, Armin Elbers, Gustavo Machado and Jeroen Dewulf
1.  Introduction� 275
2.  Monitoring Movements of People and Vehicles Between Farms� 276
3.  Monitoring Movements of People Within a Farm� 278
4.  Monitoring Hygiene Measures (Boots, Hands)� 279
5.  Monitoring Shower and Cleaning Equipment Usage� 281
6.  Cleaning Boots� 281
7.  Cleaning Robots� 282
8.  Challenges� 283
9.  Conclusion� 284

viii Contents



16. � How to Set Up a Biosecurity Plan at Sector and Production  
Site Level� 286
Koen Mintiens and Nele Caekebeke
1.  Introduction� 287
2.  What is a Biosecurity Plan?� 287
3.  Biosecurity Plan at Sector Level� 288
4.  Biosecurity Plan at the Production Site Level� 294
5.  General Conclusion� 300

17.  Biosecurity in Pig Production� 302
Jeroen Dewulf, Dominiek Maes, Merel Postma,  
Montserrat Torremorell, Edgar Garcia Manzanilla and Carlos Piñeiro
1.  Introduction� 303
2.  External Biosecurity� 303
3.  Internal Biosecurity� 313
4.  Implementing and Maintaining Biosecurity� 317
5.  Conclusions� 317

18.  Biosecurity in Poultry Production� 322
Jean-Pierre Vaillancourt, Mattias Delpont, Francesco  
Galuppo and Luc Ledoux
1.    Introduction� 323
2.    Potential Infection Sources and Operational Flow on the Farm� 323
3.    Structural Layout of the Poultry Farm and Buildings� 324
4.    Functional Elements in Each Zone� 324
5.    Biosecurity Barriers and Access� 327
6.    Feed and Water� 329
7.    Pests� 330
8.    Disposal of Dead Birds� 332
9.    Cleaning and Disinfection Protocols for Poultry� 335
10. � Biosecurity Challenges in Laying Hens, Broilers,  

Meat Turkeys, and Waterfowl� 335
11.  Hatchery Biosecurity� 338
12.  Regional Biosecurity Applied to Poultry� 340
13.  Conclusion� 341

19.  Biosecurity in Cattle Production� 346
Alberto Allepuz, Ramon Armengol, Jose Mallo,  
Lena-Mari Tamminen and Liza Rosenbaum Nielsen
1.  Animal Movements� 347
2. Visitors� 350
3. Vehicles� 354
4.  Neighborhood� 356
5.  Feed and Water� 359
6.  Other Animals Present at the Farm: Dogs, Cats, and Pests� 360
7.  Biosecurity Practices During Calving and First Days of Life� 362
8.  Biosecurity Practices to Prevent Mastitis in Dairy Herds� 365
9.  Biosecurity Practices in Fattening Farms� 367

Contents ix



20.  Biosecurity for Horse Facilities� 371
Julia Gabrielle Jerab, J. Scott Weese and Eduard José-Cunilleras
1.  Introduction� 372
2.  Biosecurity Challenges in the Equine Industry� 372
3.  Biosecurity Considerations for Equine Facilities� 372
4.  Concluding Remarks� 384

21. � Biosecurity in Sheep and Goat Production:  
From Farm Foundations to Daily Practice� 386
Ilektra A. Fragkou, Sotiria Eleni Antoniou, Eleonora  
Cattaneo and Ilias Chantziaras
1.  Introduction� 387
2.  Farm Foundations: Location, Perimeter, and Infrastructure� 393
3.  Prevent Animal-Mediated Transmission� 397
4.  Prevent Human-Mediated Transmission� 399
5.  Prevent Fomite-Mediated Transmission� 401
6.  Specific On-Farm Activities and Processes� 403
7.  Biosecurity at Pasture� 406
8.  Record Keeping and Traceability (supporting measure)� 408
9.  Production-Specific Biosecurity� 409

22.  Biosecurity in Aquaculture� 413
Saraya Tavornpanich, Sara Picon-Camacho,  
Maria Fernanda Serrano De La Cruz, Edgar Brun,  
Jacob Zornu and Alain Le Breton
1.  Introduction� 414
2.  Aquaculture Production Systems� 414
3.  Factors Influencing Pathogen Introduction and Spread� 418
4.  Application of On-Farm Biosecurity Plan� 429
5.  Policy and Regulatory Considerations� 438
6. � Benefit–Cost Perspective, Implementation, and Challenges  

of Biosecurity in Aquaculture� 438

23.  Biosecurity in Smallholder Farms� 443
Evelien Biebaut, Gerard Martin-Valls, Jasna  
Prodanov-Radulović, Nelima Ibrahim, Damien  
Tago Pacheco, Andriy Rozstalnyy and Melissa McLaws
1.  Introduction� 444
2.  Challenges and Barriers� 445
3.  External Biosecurity Measures� 447
4.  Internal Biosecurity Measures� 456
5.  Conclusion and Further Perspectives� 459

24. � Biosecurity in Animal Health Care Settings:  
Principles and Implementations� 463
Pankaj Dhaka, Jeroen Dewulf, Claude Saegerman,  
Deepthi Vijay and Iryna Makovska
1.  Introduction� 464
2.  Fundamental Concepts in Clinical Veterinary Biosecurity� 465

x Contents



Contents xi

3.    Pathogens of Concern in Veterinary Clinical Settings� 466
4.    Risk Factors for Hospital-Associated Infections (Hais)� 469
5.    Risk Classification and Patient Management� 470
6.    Biosecurity Infrastructure and Facility Design� 473
7.    Procedural Hygiene� 475
8.    Cleaning and Disinfection Protocols� 476
9.    Implementation Strategies for Veterinary Clinical Biosecurity� 477
10.  Monitoring and Surveillance Systems� 479
11.  Biosecurity Audits and Quality Assurance� 480
12.  Antimicrobial Stewardship in Clinical Veterinary Practice� 481
13.  Training, Education, and Staff Engagement� 482
14.  Conclusion� 483

Index� 487





xiii

Contributors List

Alberto Allepuz, Departament de Sanitat i Anatomia Animals, Universitat 
Autònoma de Barcelona (UAB), Bellaterra, Barcelona 08193, Spain; Email: 
Alberto.Allepuz@uab.cat

Sotiria Eleni Antoniou, European Food Safety Authority (EFSA), Via Carlo Magno 
1A, 43126 Parma, Italy; Email: sotiria-eleni.antoniou@efsa.europa.eu

Ramon Armengol, Department de Ciènicia Animal, Universitat de Lleida, 
Lleida 25002, Spain; Email: ramon.armengol@udl.cat

Anna Catharina Berge, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: cat@bergevetconsulting.com

Evelien Biebaut, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Evelien.Biebaut@UGent.be

Edgar Brun, Norwegian Veterinary Institute, Elizabeth Stephansens vei 1, 1433 
Ås, Oslo, Norway; Email: edgar.brun@vetinst.no

Alison Burrell, Animal Health Ireland, 2–5 The Archways, Carrick on Shannon, 
Co. Leitrim, N41 WN27, Ireland; Email: aburrell@animalhealthireland.ie

Nele Caekebeke, Biocheck.Gent BV, 8720 Dentergem, Belgium; Email: nele.
caekebeke@biocheckgent.com

Eleonora Cattaneo, European Food Safety Authority (EFSA), Via Carlo Magno 
1A, 43126 Parma, Italy; Veterinary Epidemiology Unit, Department of 
Internal Medicine, Reproduction and Population Medicine, Faculty of 
Veterinary Medicine, Ghent University, Merelbeke, Salisburylaan, 133, 
B-9820 Merelbeke, Belgium; Email: Eleonora.Cattaneo@UGent.be

Ilias Chantziaras, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 



Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Ilias.Chantziaras@UGent.be

Beate Conrady, Department of Veterinary and Animal Sciences, Faculty of 
Health and Medical Sciences, University of Copenhagen, Grønnegårdsvej 
8, DK-1870 Frederiksberg C, Denmark; Email: bcon@sund.ku.dk

Laura Courtens, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Laura.Courtens@UGent.be

Júlia da Mata Góes Silva, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Julia.daMataGoesSilva@UGent.be

Maria Fernanda Serrano De La Cruz, Norwegian Veterinary Institute, Elizabeth 
Stephansens vei 1, 1433 Ås, Oslo, Norway; Email: Maria.Fernanda.Serrano.
De.La.Cruz@vetinst.no

Scott Dee, Pipestone Applied Research, 1300 Box 188, Hwy 75 South, 
Pipestone, MN 56164, USA; Email: scottdee7255@gmail.com

Amy Delgado, Food and Agriculture Organization of the United Nations, Viale 
delle Terme di Caracalla, 00153 Rome, Italy; Email: amy.delgado@fao.org

Mattias Delpont, Univ Toulouse, ENVT, INRAE, IHAP, 23 chemin des Capelles 
31076, Toulouse, France; Email: mattias.delpont@envt.fr

Jeroen Dewulf, Veterinary Epidemiology Unit, Department of Internal Medicine, 
Reproduction and Population Medicine, Faculty of Veterinary Medicine, 
Ghent University, Merelbeke, Salisburylaan, 133, B-9820 Merelbeke, 
Belgium; Email: Jeroen.Dewulf@UGent.be

Pankaj Dhaka, Centre for One Health, College of Veterinary Science, Guru 
Angad Dev Veterinary and Animal Sciences University, Ludhiana 141004, 
India; Email: pankaj.dhaka2@gmail.com

Magdalena Dunowska, School of Veterinary Science, Massey University, 
Palmerston North 4442, New Zealand; Email: M.Dunowska@massey.ac.nz

Armin Elbers, Department of Veterinary Integrative Data Analytics, Wageningen 
Bioveterinary Research, Houtribweg 39, 8221RA, Lelystad, The Netherlands; 
Email: armin.elbers@wur.nl

Ilektre Fragkou, Hellenic Ministry of Rural Development and Food, Veranzerou 
46 str., 10438, Athens, Greece; Email: hfragou@gmail.com

Nelima Ibrahima, Epidemiology Unit, Department of Livestock Services, 
Dhaka-1215, Bangladesh; Email: nibrahim421@gmail.com

Francesco Galuppo, Azienda ULSS 6 Euganea, Veneto Region, Padua, Italy; 
Email: francesco.galuppo@aulss6.veneto.it

Derald Holtkamp, Department of Veterinary Diagnostic and Production 
Animal Medicine, Iowa State University, 1800 Christensen Drive Ames, 
Iowa 50011-1134, IA, USA; Email: holtkamp@iastate.edu

Julia Jerab, Veterinary Epidemiology Unit, Department of Internal Medicine, 
Reproduction and Population Medicine, Faculty of Veterinary Medicine, 
Ghent University, Merelbeke, Salisburylaan, 133, B-9820 Merelbeke, 
Belgium; Email: JuliaGabrielle.Jerab@UGent.be

xiv Contributors List



Eduard Jose-Cunilleras, Equine Internal Medicine Service, Department of 
Animal Medicine and Surgery, Autonomous University of Barcelona, 
Barcelona Spain; Email: eduard.jose.cunilleras@uab.cat

Leonid Korniienko, Research Department of Epidemiology and Infectious 
Diseases, State Scientific Research Institute of Laboratory Diagnostics and 
Veterinary and Sanitary Expertise, Donetska 30, Kyiv, 03151, Ukraine; 
Email: leonid.kornienko.09@googlemail.com

Ilias Kyriazakis, School of Biological Sciences, 19 Chlorine Gardens, Belfast, 
BT9 5DL, Northern Ireland, UK; Email: i.kyriazakis@qub.ac.uk

Luc Ledoux, CID LINES (an Ecolab company), Waterpoortstraat 2, 8900 Ieper, 
Belgium; Email: Luc.Ledoux@telenet.be

Alain Le Breton, Vet’eau (Selarl du Dr Alain Le Breton), 1289 Rue des Pyrénées, 
31330 Grenade Sur Garonne, France; Email: alain.lebreton@veteau.com

Dominiek Maes, Unit of Porcine Health Management, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Dominiek.Maes@UGent.be

Gustavo Machado, North Carolina State University, Raleigh, NC 27695, North 
Carolina, USA; Email: gmachad@ncsu.edu

Qamer Mahmood, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Qamer.Mahmood@UGent.be

Iryna Makovska, Veterinary Epidemiology Unit, Department of Internal 
Medicine, Reproduction and Population Medicine, Faculty of Veterinary 
Medicine, Ghent University, Merelbeke, Salisburylaan, 133, B-9820 
Merelbeke, Belgium; Email: Iryna.Makovska@UGent.be

Jose Mallo, LleidaVet SLP, Lleida 25110, Spain; Email: jmmallo06@gmail.com
Edgar Garcia Manzanilla, Pig and Poultry Research and KT Department, 

Teagasc, Moorepark, P61C996, Fermoy, Cork & School of Veterinary 
Medicine, University College Dublin, Dublin 4, Ireland; Email: egmanza-
nilla@gmail.com

Ana Rita Pinheiro Marques, Department of Veterinary and Animal Sciences, 
Faculty of Health and Medical Sciences, University of Copenhagen, 
Grønnegårdsvej 8, DK-1870 Frederiksberg C, Denmark; Email: arpm@
sund.ku.dk

Gerard Martin-Valls, Departament de Sanitat i Anatomia Animals, Universitat 
Autònoma de Barcelona, Bellaterra, Barcelona 08193, Spain; Email: 
gerard.martin@uab.cat

Melissa McLaws, Food and Agriculture Organization of the United Nations, Viale 
delle Terme di Caracalla, 00153 Rome, Italy; Email: Melissa.Mclaws@fao.org

Koen Mintiens, Ven40 Consulting, Diest, Belgium; Email: koen.mintiens@
ven40.com

Tim Nelson, Founder of Farm Health Guardian, Ontario, Canada; Email: tnelson@
farmhealthguardian.com

Andrew Olkowski, University of Saskatchewan, 105 Administration Pl, Saskatoon, 
SK S7N 5A2, Canada; Email: andrewolkowski@outlook.com

Contributors List xv



Satoshi Otake; Swine Extension & Consulting, Inc.; 4591-8 Ijimino, Shibata, 
Niigata 957-0021, Japan; Email: satoshiotake@swext-consulting.co.jp

Picon-Camacho Sara; Vet’eau- Selarl du Dr Alain Le Breton, 1289 Rue des 
Pyrénées, 31330 Grenade Sur Garonne, France; Email: Sara.picon@veteau.
com

Carlos Piñeiro, CEO, Animal Data Analytics SL, Dámaso Alonso 14, 40006, 
Segovia, Spain; Email: carlos.pineiro@ada-animaldata.com

Merel Postma, Veterinary Epidemiology Unit, Department of Internal Medicine, 
Reproduction and Population Medicine, Faculty of Veterinary Medicine, 
Ghent University, Merelbeke, Salisburylaan, 133, B-9820 Merelbeke, 
Belgium; Email: mpostma@livar.nl

Jasna Prodanov-Radulović, Department of Epizootiology, Clinical diagnostics 
and DDD, Scientific Veterinary Institute ‘Novi Sad’, Rumenacki put, 20, 
21113 Novi Sad, Serbia; Email: jasna@niv.ns.ac.rs

Manon Racicot, Canadian Food Inspection Agency, 3225 Cusson Avenue, Saint-
Hyacinthe, Quebec, Canada; Email: manon.racicot@inspection.gc.ca

Philip Rasmussen, Department of Veterinary and Animal Sciences, Faculty of 
Health and Medical Sciences, University of Copenhagen, Grønnegårdsvej 
8, DK-1870 Frederiksberg C, Denmark; Email: phr@sund.ku.dk

Steven Ricke, Department of Animal and Dairy Sciences, University of 
Wisconsin, Madison, WI 53706; Email: sricke@wisc.edu

Liza Rosenbaum Nielsen, Department of Veterinary and Animal Sciences, 
Faculty of Health and Medical Sciences, University of Copenhagen, 
Blegdamsvej 3B 2200 Copenhagen, Denmark; Email: liza@sund.ku.dk

Andriy Rozstalnyy, Food and Agriculture Organization of the United Nations, 
Viale delle Terme di Caracalla, 00153 Rome, Italy; Email: Andriy.
Rozstalnyy@fao.org

Claude Saegerman, Research Unit of Epidemiology and Risk Analysis Applied 
to Veterinary Sciences (UREAR-ULiège), Fundamental and Applied 
Research for Animals and Health (FARAH) Center, Faculty of Veterinary 
Medicine, University of Liege, 4000 Liège, Belgium; Email: claude.sae-
german@uliege.be

Damien Tago Pacheco, Food and Agriculture Organization of the United 
Nations, Viale delle Terme di Caracalla, 00153 Rome, Italy; Email: damian.
tagopacheco@fao.org

Lena-Marie Tamminen, Department of Clinical Sciences, Swedish University 
of Agricultural Sciences, Uppsala 75651, Sweden; Email: lena.mari.tam-
minen@slu.se

Saraya Tavorpanich, Norwegian Veterinary Institute, Elizabeth Stephansens vei 
1, 1433 Ås, Norway; Email: saraya.tavornpanich@vetinst.no

Montserrat Torremorell, Veterinary Population Medicine Department, College 
of Veterinary Medicine, University of Minnesota, 1365 Gortner Avenue, 
St. Paul, MN, 55108, USA; Email: torr0033@umn.edu

Jean-Pierre Vaillancourt, Department of Clinical Sciences, Faculty of Veterinary 
Medicine, University of Montreal, 3200 Sicotte Street, Saint-Hyacinthe, 
Quebec, Canada; Email: jean-pierre.vaillancourt@umontreal.ca

xvi Contributors List



Deepthi Vijay, Centre for One Health, College of Veterinary Science, Guru 
Angad Dev Veterinary and Animal Sciences University, Ludhiana 141004, 
India; Email: deepthivijay@gadvasu.in

James Chege Wangui, School of Biological Sciences, 19 Chlorine Gardens, 
Belfast, BT9 5DL, Northern Ireland, UK; Email: w.chege@qub.ac.uk

Scott Weese, Centre for Public Health and Zoonoses, Department of 
Pathobiology, Ontario Veterinary College, University of Guelph, Ontario 
Canada; Email: jsweese@uoguelph.ca

Jacob Zornu, Norwegian Veterinary Institute, Elizabeth Stephansens vei 1, 1433 
Ås, Oslo, Norway; Email: jacob.zornu@vetinst.no

Contributors List xvii





Preface

Just over a decade ago, while working with the US Department of Agriculture’s 
Veterinary Services, I found myself sitting across the table from poultry pro-
ducers during what was, at the time, the largest animal-health emergency the 
United States had ever experienced. Highly pathogenic avian influenza was 
moving faster and farther than expected, and our task was to understand how. 
We asked questions about barn layouts, ventilation systems, feed delivery, water 
sources, visitor flows, equipment sharing, and daily routines, the myriad small, 
practical details that together shape the health of animals and livelihoods.

That work was illuminating. We learned how viruses slip through barn 
doors, move between farms, and hitch rides on boots, vehicles, crates, and 
hands. We saw clearly that the way disease spreads between farms is not the 
same as the way it spreads between barns, and that no single biosecurity mea-
sure works everywhere. Effective prevention depended on barn type, species 
and age of birds, regional climate, production systems, and local geography. Yet 
amid all that diversity, one insight was strikingly consistent: good biosecurity is 
grounded in strong fundamentals, thoughtfully adapted to context. It requires 
discipline, awareness, and constant adjustment.

I wish I could say that we solved the challenge completely back then. We 
did not. Viruses continued to evolve. New threats emerged. Existing ones resur-
faced in unexpected places. Today, producers, veterinarians, animal-health 
professionals, and policymakers must be prepared not for one crisis, but for 
many, often simultaneously. Animal pests and diseases continue to disrupt food 
systems, livelihoods, and trade, sometimes with cascading effects on human 
health and the environment. As production systems grow more complex 
and interconnected, the impacts of disease introduction become even more 
devastating.

That is not to say we have stood still. Quite the opposite. The past decade 
has brought advances in surveillance, diagnostics, data sharing, farm-level 
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technologies and innovations, improved genetics, and vaccines. We have 
learned, sometimes the hard way, that biosecurity is not a magical shield you 
deploy once and forget. It is a series of layered risk-reduction actions, none of 
them perfect, all of them essential. When aligned and sustained, these layers 
reduce vulnerability, safeguard animal health, and protect neighboring farms, 
markets, and trading partners.

When Dr Dewulf mentioned that he was working on a new edition of 
this book, I was immediately enthusiastic. Biosecurity today demands not only 
technical rigor, but also clarity, practicality, and humility. It requires guidance 
that speaks to farmers and veterinarians, industry leaders and regulators, stu-
dents and researchers alike. We need biosecurity information grounded in sci-
ence, informed by experience, and honest about trade-offs. This book does 
exactly that.

My perspective since 2014 has broadened considerably. In my current role 
at FAO, I see firsthand how weaknesses in one part of the system can expose 
risks elsewhere, and how strong biosecurity in one country contributes to resil-
ience far beyond its borders. Disease prevention is no longer a purely national 
concern; it is a global public good.

FAO works with countries every day to strengthen biosecurity across 
production systems and value chains. This includes helping Members design 
risk-based integrated biosecurity approaches, improve farm-level practices, 
enhance border and market controls, strengthen veterinary services, and inte-
grate animal health into broader One Health approaches. Just as importantly, 
FAO helps translate science into policy and policy into action, ensuring that 
biosecurity measures are feasible, inclusive, and sustainable.

The world in which this new edition is being released is more intercon-
nected, and more fragile, than ever. Climate variability is altering disease ecol-
ogy. Global demand for animal-source foods is increasing, even as production 
systems diversify. Trade volumes continue to grow, while misinformation 
spreads rapidly. At the same time, resources are constrained, and producers 
are under pressure to do more with less. In this environment, biosecurity is 
not simply about avoiding loss; it is about protecting opportunity, safeguarding 
livelihoods, and maintaining trust in food systems.

What excites me most about this book is its ability to bridge scales and 
perspectives. It recognizes that biosecurity decisions made at the level of 
a single farm connect directly to national preparedness and global health 
security. It treats biosecurity not as a checklist, but as a way of thinking that 
emphasizes risk awareness, shared responsibility, and continuous improve-
ment. It acknowledges uncertainty, respects local knowledge, and reinforces 
the idea that progress is built through partnerships. And it also helps you 
understand when and how measuring biosecurity, or having a checklist, 
makes a difference.

As you turn these pages, I encourage you to read this book not only as a 
technical reference, but also as an invitation: to question assumptions, to adapt 
principles to your own context, and to see biosecurity as a living system rather 
than a static set of rules. Whether you are a producer working to protect your 
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farm, a veterinarian advising clients, a policymaker shaping national strategies, 
or a student preparing to enter the field, the insights here are both timely and 
enduring.

The challenges ahead are real, but so is our ability to address them. Strong 
biosecurity, rooted in science, and informed by experience, remains one of the 
most powerful tools we have to protect animal health, food security, and liveli-
hoods worldwide. This new edition arrives at exactly the right moment, and it 
is my pleasure to welcome you to it.

Amy Delgado, DVM PhD
Senior Veterinary Advisor

Food and Agricultural Organization of the United Nations
Rome, Italy

Preface xxi





1	 Circles of Disease 
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In this chapter, you will learn:

•	 What the common steps in infection with various types of pathogens are.
•	 How pathogens spread from host to host.
•	 Which factors are important for the continued spread of pathogens in populations.
•	 How this knowledge can be utilized to ‘break the chain’ of disease transmission.

Abstract
Common steps in the transmission of infectious agents from infected individuals to sus-
ceptible hosts include entry, development of disease (which may be subclinical), exit, 
and transmission to a new host. Airborne, droplet, and contact transmission comprise 
the three main transmission routes. Of those, airborne transmission is most difficult 
to control, but it is the least common. Some pathogens can also be disseminated via 
arthropod vectors or vertically from mother to foetus. On the population level, factors 
such as the density of susceptible hosts, the presence of reservoir hosts, and the patho-
gen’s ability to survive in diverse environmental conditions also influence the efficiency 
of transmission. Knowledge of the common modes of transmission, along with host, 
pathogen, and environmental factors that affect spread, can be utilized for develop-
ing effective control strategies. Established transmission patterns may change, as patho-
gens adapt to evolving conditions. Human activities are contributing to these changes. 
Increasing population density has led to intensified agriculture and altered land use. 
Greater global connectivity through travel and trade, along with anthropogenic activi-
ties contributing to climate change, is likely to influence transmission dynamics by 
affecting the availability of susceptible hosts and vectors.
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1.  Introduction

Infectious agents that can cause disease in animals include viruses, bacteria, 
fungi, and parasites. Within each of these main groups, there are hundreds 
of potential pathogens with unique biological characteristics and life cycles. 
While the canonical Koch’s postulates presumed a simple direct causative 
relationship between a pathogen and disease, even Koch himself predicted the 
inadequacy of such an assumption for all situations (Fredericks and Relman, 
1996). Today, we have a much better appreciation of the multifactorial nature 
of many diseases and the complexity of events that determine the outcome of 
infection for each individual.

Understanding how pathogens are maintained within individual hosts and 
within populations enables us to interfere with this process. In a sense, the old 
saying ‘know your enemy’ is as applicable to microbes as it is to people. 
The better we understand the ‘offenders’ and the ways they use to survive and 
perpetuate themselves, the better we can effectively target the most relevant 
steps in their transmission circles.

This chapter provides a short overview of the steps necessary for the trans-
mission of pathogenic microbes from one host to another. It is not meant to be a 
comprehensive review of the topic. Instead, it introduces some basic concepts, 
with an emphasis on common principles that can be exploited for infection 
control purposes.

2.  Common Steps in Transmission of Infectious Agents

It is important to consider all potential pathogens that may be encoun-
tered in a given situation to design an effective infection control program 
(Morley, 2002). Many of those pathogens have unique biological properties 
and life cycles. While this needs to be considered, it is often practical to 
focus on commonalities, as opposed to differences. Most pathogens fol-
low similar steps to establish infection in an individual host. These include 
entry, replication, spread within the host (either locally or systemically), 
which may or may not be accompanied by disease, and exit (inner circle 
in Fig. 1.1). On a population level, additional factors such as the density 
of susceptible hosts, presence of reservoir hosts, the ability of the pathogen 
to survive under varied environmental conditions, and common modes of 
transmission (outer circle in Fig. 1.1) also contribute to the efficiency of 
transmission. Altogether, the necessary infection steps and relevant host-, 
pathogen-, and environmental factors form the ‘links’ in the chain of trans-
mission. Breaking one or more of such links through targeted infection con-
trol measures breaks the transmission circle.
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2.1.  Entry

Entry of the pathogen can occur via several routes (Table 1.1). The respiratory and 
gastrointestinal tracts are the most common entry routes for pathogenic micro-
organisms. Some pathogens use predominantly one route of entry, while others 
use several. For example, bovine viral diarrhoea (BVD) virus can enter a new 
host via a respiratory route (droplet transmission), a venereal route (through 
natural service or contaminated equipment used for artificial insemination), or 
via transplacental infection of the foetus.

2.2.  Incubation period

This defines the period between the start of infection (entry) and the develop-
ment of disease. The length of the incubation period can range from hours 
(e.g., rotavirus, influenza viruses), days (e.g. foot-and-mouth disease (FMD) 
virus), to months (e.g., rabies virus) or even years (e.g., ovine progressive 
pneumonia lentivirus). The length of the incubation period is important for the 

Fig. 1.1.  Circles of disease transmission: common steps in a transmission cycle of infectious 
pathogens between individuals (inner circle) and factors that affect transmission of pathogens 
within populations (outer circle). Created in BioRender by author (2025).


