TABLE OF CONTENTS

Preface

Chapter 1
Microorganisms everywhere: what is a human pathogen?

1.1
1.2

1.3
1.4

What is a human pathogen?

What influences the severity and spread of infectious disease?

1.2.1 The microbial agent: why do some pathogens cause more severe
disease than others?

1.2.2 The human host: Why are some individuals more susceptible to
illness than others?

1.2.3 The environment

Conclusion

Further reading

Chapter 2
Pathogens everywhere: what is a foodborne pathogen?

2.1
2.2

2.3

2.4
2.5

Transmission routes
Monitoring and detection of foodborne outbreaks
2.2.1 Investigation of foodborne outbreaks
2.2.2 Challenges in the investigation of foodborne outbreaks
2.2.2.1 An atypical foodborne pathogen
2.2.2.2 An atypical food type
2.2.2.3 Detection methods not fit for purpose
2.2.2.4 Conclusion
2.2.3 Pro-active monitoring and outbreak detection
2.2.3.1 The sentinel network of clinical laboratories
2.2.3.2 Whole genome sequencing, interdisciplinary collaboration
and international networking
2.2.3.3 Conclusion
What is the impact of foodborne infectious diseases?
2.3.1 WHO 2015 global estimates of foodborne illness

2.3.2 Foodborne disease in the US: estimated numbers from a 2019 study

2.3.3 Foodborne illness in the EU: reported numbers from monitoring
data in 2024
2.3.3.1 Reported individual human cases of foodborne illness in the
EUin 2024
2.3.3.2 Reported foodborne outbreaks in the EU in 2024
Conclusion
Further reading

15
19
21
21

23

25
31
33
35
36
37
38
40
40
41

42
46
46
47

50

50
52
55
55

IX



X

PATHOGEN-FREE FOOD?

Chapter 3
Foodborne pathogens, the never-ending story

3.1 What is the historical development and understanding of foodborne
pathogens?

3.2 The 10 major foodborne pathogens or bacterial toxin producers
3.2.1 The ‘big five’ foodborne pathogens causing foodborne infection
3.2.2 The ‘big five’ foodborne pathogens causing food intoxication

3.3 Impact of external factors on foodborne pathogen spread
3.3.1 Demography
3.3.2 Economic aspects
3.3.3 Social-cultural factors
3.3.4 Technology
3.3.5 Ecology and Climate
3.3.6 Political-Legal

3.4 Conclusion

3.5 Further reading

Chapter 4
Foodborne pathogens’ parade: profiles and preferences

4.1 What are the factors that impact the growth or survival of foodborne

pathogens?

4.1.1 Intrinsic factors

4.1.2 Extrinsic factors

4.1.3 Implicit factors

4.1.4 Processing Factors

4.2 What are the unique characteristics of foodborne pathogens?

4.2.1 Bacterial pathogens causing food infection: a comparative overview
4.2.1.1 Salmonella
4.2.1.2 Campylobacter jejuni and C. coli
4.2.1.3 Listeria monocytogenes
4.2.1.4 Pathogenic STEC [Shiga-toxin producing E. coli]
4.2.1.5 Pathogenic non-cholera vibrios
4.2.1.6 Pathogenic Yersinia enterocolitica and Y. pseudotuberculosis
4.2.1.7 Shigella sonnei and Sh. flexneri
4.2.1.8 Cronobacter sakazakii

4.2.2 Bacterial pathogens causing food intoxication or toxi-infection: a
comparative overview
4.2.2.1 Bacillus cereus
4.2.2.2 Clostridium perfringens
4.2.2.3 Clostridium botulinum
4.2.2.4 Staphylococcus aureus
4.2.2.5 Other causative agents of food intoxication

57

59
67
67
70
73
74
75
75
76
77
78
78
79

81

83
83
85
85
86
86
96
96
99
102
106
107
109
109
112

115
115
120
122
125
126



4.3
4.4

4.5
4.6

TABLE OF CONTENTS

4.2.3 Viral pathogens causing food infection: a comparative overview
4.2.3.1 Norovirus
4.2.3.2 Hepatitis A virus
4.2.3.3 Hepatitis E virus
4.2.3.4 Otherviruses
4.2.4 Protozoan parasites causing food infection: a comparative overview
4.2.5 Helminths causing food infection: a comparative overview
4.2.6 Prions
What are opportunistic foodborne pathogens?
What are emerging foodborne pathogens?
4.4.1 Characteristics of emerging pathogens
4.4.2 The One Health approach and emerging foodborne pathogens
Conclusion
Further reading

Chapter 5
From hazard to risk, managing the realities of food safety

5.1
5.2
5.3
5.4
5.5
5.6
5.7

Understanding the “language of safety”

How is risk scientifically assessed?

The myth of zero risk: (very) low, moderate, and high-risk food groups
‘Seek and you shall find.’

‘Better stay ahead of danger.’

Conclusion

Further reading

Chapter 6
From risk communication to food safety information

6.1
6.2

6.3

6.4
6.5

Expanding the scope: from risk communication to food safety information

Consumer concerns: understanding risk perception & food safety worries

6.2.1 Considering individual factors affecting consumer concerns in food
safety communication

6.2.2 External factors shaping consumer concerns about food safety

Sorting fact from fiction in microbial food safety

6.3.1 Trusted sources of food safety information

6.3.2 Food safety myths

Conclusion

Further reading

128
128
130
133
133
134
137
141
142
145
145
150
153
153

157

159
161
169
181
191
193
194

197

199
202

203
204
206
206
207
211
211

XI



Xl

PATHOGEN-FREE FOOD?

Chapter 7
Balancing sustainability with food safety

7.1 Food system transitions should not overlook food safety
7.2 Zero risk does not exist: the notion of ‘acceptable risk’
7.3 The concept of risk negotiation

7.4 Conclusion

7.5 Further reading

Acknowledgements

215

217
221
224
226
227

229





