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Executive summary 

Dissemination of food safety advice to consumers in Scotland is a key priority for 

Food Standards Scotland to reduce the risk of foodborne illness. Although food 

safety advice is relevant for all consumers, the level of risk from foodborne illness is 

not equal across consumer groups.  

Some groups within society are more susceptible to foodborne illness. These groups 

are known as the “clinically vulnerable groups” to foodborne illness. This research 

focused on individuals whose physiological conditions predisposes them to 

foodborne infections, these are traditionally recognised as the YOPI (Young, Old, 

Pregnant, and Immunosuppressed) categories. Food Standards Scotland 

commissioned this research to undertake a comprehensive review of the current 

definition of “clinically vulnerable groups” and make recommendations for the 

updated definition of clinically vulnerable groups in relation to foodborne illness.  

The research aimed to: 

• Undertake a narrative review to obtain an in-depth understanding of the 

physiological background to susceptibility among clinically vulnerable groups.  

• Consolidate Scottish prevalence data to determine who are the clinically 

vulnerable groups in Scotland, with regards to Campylobacter, Salmonella, Shiga 

toxin-producing Escherichia coli (STEC), Listeria monocytogenes and norovirus.  

• Collate additional evidence from comparable developed countries to undertake a 

systematic review of foodborne illness prevalence among clinically vulnerable 

groups. 

• Identify the current definitions of clinically vulnerable groups used by other food 

safety organisations to establish the groups most referred to as being clinically 

vulnerable. 

• Present research findings in an expert panel consultation to help inform 

recommendations regarding the clinically vulnerable group definition. 

• Explore suitable food safety messaging for clinically vulnerable groups with people 

in Scotland. 

By integrating physiological explanations with prevalence data, the study has 

successfully provided a comprehensive understanding of foodborne illness 

susceptibility among clinically vulnerable groups. Among older adults and children, 

susceptibility is heightened due to immune system factors, while chronic conditions 

and associated medications further increase vulnerability. Prevalence of foodborne 

illnesses varies among different groups and regions, with Scotland showing higher 

rates of foodborne illness among older adults compared to similar countries.  

The study identified clinically vulnerable groups beyond the traditionally recognised 

YOPI (Young, Old, Pregnant, and Immunosuppressed) categories, such as proton 

pump inhibitor users, people with cancer, diabetes, rheumatoid arthritis, and 

inflammatory bowel disease. However, existing definitions of clinically vulnerable 

groups used by food safety organisations often overlook these groups, emphasizing 

the need for broader recognition and surveillance efforts.  
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The expert panel consultation discussions considered categorisation of older adults, 

the need for enhanced surveillance for clinically vulnerable groups, the importance of 

targeted communication and the role of health care professionals and food safety 

organisations in dissemination, and the need to explore socio-demographic and 

behavioural factors.  

Prevalence data associated with specific behaviours, socio-economic and lifestyle 

factors were beyond the scope of this report and are considered as part of the 

SEFARI Fellowship project with Food Standards Scotland which specifically explores 

the lifestyle factors of older adults associated with foodborne illness (SEFARI, 2023). 

During the discussions with people over the age of 65 years, pregnant individuals 

and people undergoing cancer treatment were identified as being clinically 

vulnerable to foodborne illness. Participants were generally unaware that they may 

be at an increased risk of foodborne illness due to age or underlying conditions, 

nevertheless, many were able to comprehend immune system modifications when 

given a rationale. Discussions indicated the need to enable people to self-identify if 

they are at increased risk of foodborne illness. Some found it easier to accept 

vulnerability resulting from a medical conditions or medications, rather than age 

alone, as denial about ageing was also discussed. Recommendations and 

preferences for future food safety education communication were made. 

The recommendations for future research arising from this report relate to: 

• Exploring consumer perceptions and preferences for effective food safety 

messaging. 

• Undertaking consumer food safety research with overlooked groups such as 

proton pump inhibitor users and people with diabetes, rheumatoid arthritis, 

and inflammatory bowel disease. 

• Obtaining an in-depth understanding of the lifestyle factors among older 

adults that may contribute to food safety perceptions and practices. 

• Investigate the role and associated perceptions of healthcare professionals 

and care providers with regards to food safety communication. 
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Lay summary 

Food Standards Scotland provides food safety advice to the public to reduce the risk 

of food poisoning in Scotland. However, there are some groups of people that are 

more likely of becoming ill with food poisoning, and these groups need targeted 

advice and information. Therefore, to better understand which groups are most 

affected by food poisoning, Food Standards Scotland commissioned this study. 

The study confirmed that groups normally associated with food poisoning such as 

children, pregnant individuals, older adults, and people with suppressed immune 

systems were affected by food poisoning, however the rates of food poisoning 

among older adults were higher in Scotland than in other countries. It also 

highlighted that there are groups who are often overlooked such as people who use 

proton pump inhibitors, people with cancer, diabetes, rheumatoid arthritis, and 

inflammatory bowel disease. 

Specific recommendations include improving surveillance, targeted communication, 

and understanding consumer perceptions. Future research needs to explore lifestyle 

factors among older adults, the food safety perceptions and practices of the 

overlooked groups, and the role of healthcare professionals in food safety 

communication. 
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1. Introduction 

Dissemination of food safety advice to consumers to reduce foodborne illness in 

Scotland is a key priority for Food Standards Scotland. Although food safety advice 

is relevant for all consumers, the level of risk from foodborne illness is not equal 

across consumers, with some groups within society being more susceptible to or at 

greater risk of severe illness from acquiring foodborne illness.  

These groups are known as the “clinically vulnerable groups” to foodborne illness, 

they traditionally are classed as those with an immature or weakened immune 

system, whether a result of illness (immunocompromised), age (under 4 or over 65 

years old) or pregnancy. However, these are vague definitions which may not 

accurately reflect the level of risk within a group.  

To ensure that the definition of clinically vulnerable populations used in their agency 

is based on current evidence and facilitates appropriate future food safety 

messaging, Food Standards Scotland initiated a review of the current definitions of 

“clinically vulnerable groups”, based on the prevalence of the five pathogens most 

frequently associated with foodborne transmission: Campylobacter, Salmonella, 

Shiga toxin-producing Escherichia coli (STEC), Listeria monocytogenes and 

norovirus.  

 

 

2. Aims and objectives 

The overarching aim of this research is to undertake a comprehensive review of the 

current definition of “clinically vulnerable groups” and to make recommendations for 

the updated definition of clinically vulnerable groups in relation to foodborne illness. 

The specific objectives include: 

• Determine who are the clinically vulnerable groups in Scotland, with regards 

to foodborne illness.  

• Collate additional evidence from peer-reviewed publication from comparable 

countries to determine the groups getting ill from foodborne illness. 

• Identify the current definitions of clinically vulnerable consumers used by other 

food safety organisations worldwide. 

• Conduct expert panel consultations to consider definitions of clinically 

vulnerable groups. 

• Undertake discussions with consumers to consider recommendations for food 

safety messaging to clinically vulnerable groups.  

• Consolidate recommendations regarding the clinically vulnerable group 

definition. 
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3. Methodology 

To enable a comprehensive review of the current definition of “clinically vulnerable 

groups”, the research consisted of six distinct phases: 

i) Literature review of physiological background to susceptibility. 

ii) Consolidation of Scottish prevalence data. 

iii) Systematic review of foodborne illness prevalence among clinically 

vulnerable groups. 

iv) Review of clinically vulnerable group definitions. 

v) Expert panel consultation to consider clinically vulnerable groups. 

vi) Discussion groups with consumers to consider food safety messaging to 

clinically vulnerable groups. 

Prior to undertaking the research, ethical approval was obtained from the Healthcare 

and Food Ethics Committee at Cardiff Metropolitan University (Reference: Sta-8006). 

 

3.1. Literature review of physiological background to 

susceptibility 

A narrative review was conducted to identify the physiological conditions underlying 

the clinical vulnerabilities and determine the causes of increased susceptibility to 

foodborne infections among clinically vulnerable groups. This approach was chosen 

because of the necessity to integrate several concepts relevant to foodborne 

infections including the changes in immunity over lifespan, stages of life, chronic 

disease, and temporary or prolonged pharmacological therapies.  

The review was conducted in the following steps:  

i) identification of physiological conditions leading to vulnerability,  

ii) search and identification of studies describing the physiological aspects 

related to infections and immunological responses, and 

iii) summary of the synthesized information.  

 

3.2. Consolidation of Scottish prevalence data 

To enable identification of the groups who are getting ill with the five foodborne 

pathogens of interest in Scotland, published data from Public Health Scotland and 

Food Standards Scotland were accessed. Unpublished reports and datasets were 

obtained from Public Health Scotland. In Scotland, notifiable foodborne pathogens 

include L. monocytogenes, Salmonella, Campylobacter and STEC. Cumulatively, 

data from Scotland included: 

• L. monocytogenes: 166 confirmed cases between 2012 – 2022. 
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• Salmonella: 3,726 confirmed cases between 2013 – 2017. 

• Campylobacter: 30,196 confirmed cases between 2013 – 2017.  

• STEC: 3,358 confirmed cases between 2012 – 2023. 

• Norovirus: 15,725 confirmed cases between 2012 – 2023. 

Where specific gaps in data existed, personal communications with Public Health 

Scotland were utilised. Data were reviewed and analysed to provide a breakdown 

according to the five pathogens and specific clinically vulnerable groups. 

 

3.3. Systematic review of foodborne illness prevalence 

among clinically vulnerable groups 

A systematic review approach was used to identify and analyse the existing empirical 

evidence on the prevalence of foodborne illness among clinically vulnerable groups. 

Pre-determined inclusion criteria were used to explore the extent, range, and nature 

of the available evidence on the topic (Tricco et al., 2018). The review was 

conducted in a transparent, multi-step process and the reporting guidelines for 

systematic scoping reviews, PRISMA-ScR, were followed (Arksey & O'Malley, 2005; 

Tricco et al., 2018). 

The following steps were included: 

i) the review of the study justification, 

ii) definition of the research question, 

iii) identification of relevant studies, 

iv) study selection, 

v) extraction and charting of the data, and collation, summary, and reporting 

of the results (Arksey & O'Malley, 2005; Tricco et al., 2018). 

The following terms were defined to conceptualize the review. 

i) Population: The review targeted clinically vulnerable population groups. 

Any conditions or life stages that may impact the immune system were 

considered including pregnancy, neonates, children, ageing population, 

cancer, diabetes, rheumatoid arthritis, multiple sclerosis, inflammatory 

bowel disease, other autoimmune disorders, eating disorders, HIV/AIDS, 

transplant recipients, persons receiving treatments, medications, and other 

conditions that suppress immunity. These groups were determined based 

on researcher discussions and a review of key publications (e.g., ACMSF, 

2009; Lund, 2015; Lund & O'Brien, 2011). 

ii) Setting/Geographic scope: The review included relevant literature on the 

prevalence of foodborne human pathogens in the UK, EU, USA, Canada, 

Australia, and New Zealand. 

iii) Outcomes: The review considered cross-sectional or longitudinal 

prevalence surveys, surveillance reports, or risk factor studies but 

excluded outbreak investigations, nosocomial outbreaks, and case reports. 
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The PRISMA flow diagram showing the steps in the review process and the number 

of identified studies is presented in Figure 1. 

 

3.3.1. Search Strategy 

To identify the published articles reporting the prevalence of foodborne illness among 

clinically vulnerable groups, a comprehensive search strategy was developed in 

consultation with a research librarian. The search strategy was comprised of three 

major thematic blocks using keywords and subject headings to identify articles 

covering vulnerable populations, foodborne pathogens, and relevant outcomes. The 

search terms were determined based on researcher discussion and a review of key 

publications (e.g., ACMSF, 2009; Lund, 2015; Lund & O'Brien, 2011) that describe 

food safety risks in clinically vulnerable groups and the consensus of the research 

team. The search was limited to studies from countries within the geographic scope 

of the review. The search terms were tested iteratively, and a final search string was 

developed using database-specific syntax. For consistency, the same search terms 

were used in all searched databases. Table 1 presents a summary of the final set of 

search terms.  

Table 1. Search terms with thematic blocks combined using the “AND” operator. 

Filter Search terms 

Population 

“vulnerable populations” OR “vulnerable people” OR “clinically 
vulnerable groups” OR “vulnerable groups” OR underserved OR 
disadvantaged OR marginalized OR minorit* OR underprivileged OR 
at-risk OR poverty OR poor OR “social status” OR “social class” OR 
“low-income population” OR inequality* OR “socioeconomic status” 
OR “socioeconomic factor*” OR deprivation 
 
elderly OR geriatric* OR senior OR gerontolog* OR (((age OR aged) 
NEAR/3 (over OR older) NEAR/2 (60 or 65 or 70 or 75 or 80 or 85 or 
90 or 95))) OR (older NEAR/1 (adult$ OR m?n OR wom?n OR 
person$ OR people)) OR “middle age” OR (((Age OR aged) NEAR/3 
(under OR younger) NEAR/2 (5 OR 4 OR 3 OR 2 OR 1))) OR 
kindergarten OR “child day care” OR “child care” OR preschool OR 
“nursery school” OR infancy OR newborn*OR new-born OR infan* 
OR neonate* OR baby OR babies OR toddler* OR preschool* OR 
child* OR young* OR youth* 
 
diabet* OR “liver disease*” OR cirrhosis OR “kidney disease*” OR 
alcohol* OR hiv OR “human immunodeficiency virus” OR aids OR 
“autoimmune diseases” OR cancer* OR transplant* OR stress OR 
“gastrointestinal disease*” OR “crohn disease” OR “crohn’s disease” 
OR hyperlipoproteinemia OR “bowel disease” OR “bowel syndrome” 
OR “bowel disorder” OR malnutrition OR “nutritional deficienc*” OR 
undernutrition OR malnourish* OR “food insecurity” OR pregnancy 
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Filter Search terms 

OR smoking OR vaping OR “protein-pump inhibitor*” OR ppi OR 
“gastro-oesophageal reflux” OR immunosuppress* OR 
immunocompromised OR hypogammaglobulinemia OR 
immunodeficient* OR immunosuppressant* OR neoplasm OR ulcer* 
OR coeliac OR gastritis OR arthritis OR “immunologic factors” 

Foodborne 
human 
pathogen 

(food OR foodborn* OR food-born* OR “foodborn* disease*” OR 
“food contamination*” OR “food poisoning*”) AND (campylobacter* 
OR “campylobacter infection*” OR salmonell* OR “salmonella 
infections*” OR escherichia OR “e. coli” OR stec OR o157 OR non-
o157 OR “escherichia coli infections” OR listeria OR listerios* OR 
norovirus OR caliciviridae OR “norwalk virus” OR “norovirus 
infections” OR toxoplasm*) 

Outcome 
incidence* OR prevalence OR outbreak* OR endemic* OR rate* OR 
occurrence* OR epidemic* OR epidemiolog*OR frequenc* OR case* 
OR infection* OR hospitali* 

Country 

australia OR austria OR “baltic states” OR belgium OR canada OR 
“czech republic” OR denmark OR estonia OR finland OR france OR 
germany OR greece OR hungary OR iceland OR ireland OR italy OR 
latvia OR luxembourg OR netherlands OR “new zealand” OR norway 
OR poland OR portugal OR scandinavia OR “slovak republic” OR 
slovenia OR spain OR sweden OR switzerland OR “united states” 
OR “western europe” OR “european union” OR “united kingdom” OR 
britain OR england OR scotland OR wales 

 

The searches were conducted in three bibliographic databases considered most 

relevant to the review: Web of Science Core Collection, CAB Abstracts and Global 

Health (via Web of Science), and MEDLINE (via Web of Science) using institutional 

subscriptions at The Ohio State University. The search was limited to journal articles. 

The search strategy for each database, is in Appendix 1. 

The final searches in all bibliographic databases were performed on October 10, 

2023, and upon completion, 4,756 records with a publication date of 2000 or later 

were retrieved (publications prior to this date were excluded due to relevance and 

changes in surveillance methods). All records found in the search were imported into 

the reference management software EndNote™ (® Clarivate, Version 21.2) and de-

duplicated to remove redundant citations identified from multiple databases. After de-

duplication, 2,794 unique records were uploaded to the web-based software platform 

Covidence (Veritas Health Innovation, Melbourne, Australia 

https://www.covidence.org/) which was used to facilitate article screening and data 

extraction. 

Articles were screened based on titles and abstracts using the inclusion criteria 

described below. While any uncertainties during the screening process were 

discussed and reconciled, due to the time constraints, only one reviewer performed 
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the screening of each article. Full texts of all articles identified as potentially relevant 

were retrieved (n=315, n=2479 excluded), and each full-text article was reviewed by 

one reviewer. Based on the full-text screening, another 180 studies were excluded, 

and the reasons for exclusion documented. A total of 135 studies were confirmed to 

be relevant and included in the final review. Based on suggestions from the expert 

panel consultations, three additional studies from sources other than the 

bibliographic databases searched were added, for a total of 138 studies included in 

the final map (Figure 1). 

 

3.3.2. Inclusion/exclusion criteria 

For studies to be included in the review of empirical evidence on the prevalence of 

foodborne illness among clinically vulnerable groups, they must meet all the following 

inclusion criteria: 

• Focus on clinically vulnerable population groups (e.g., pregnant persons, 

neonates, children, ageing population, cancer, diabetes, rheumatoid arthritis, 

multiple sclerosis, inflammatory bowel disease, other autoimmune disorders, 

eating disorders, HIV/AIDS, transplant recipients, persons receiving 

treatments, medications, and other conditions that suppress immunity). 

• Focus on foodborne human pathogens Salmonella, Campylobacter, E. coli 

(STEC and other), L. monocytogenes, or norovirus. 

• Focus on the UK, EU, USA, Canada, Australia, or New Zealand (these 

countries list Salmonella, Campylobacter, STEC and L. monocytogenes as 

notifiable pathogens). 

• Original research describing the prevalence of foodborne human pathogens, 

including any raw prevalence (numerator/denominator), incidence data per 

population, or effect estimates (OR, RR) in any of the clinically vulnerable 

groups. 

• Study designs were peer-reviewed cross-sectional or longitudinal prevalence 

surveys, surveillance reports, or risk factor studies testing the vulnerabilities 

as risk factors for foodborne illness prevalence. 

• Date of publication is 2000-present. 

• Language of publication is English. 

 

Consequently, studies that were excluded met at least one of the following exclusion 

criteria: 

• The study did not report on any vulnerable population group as defined above. 

• The study did not focus on relevant foodborne human pathogen listed above. 

• The study focus was geographically outside of the scope of the review. 

• The study focus was on outbreak investigations, nosocomial outbreaks, and 

case reports. 

• The study did not contain original data from 2000-present. 

• The study has the main body of text written in a language other than English. 
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3.3.3. Data extraction 

To facilitate the data extraction process for the 138 studies that met the eligibility 

criteria, a data extraction template was created in Covidence. Due to time limitations, 

only one reviewer performed the data extraction, as with the screening process. In 

addition to the bibliographic information, the following data variables were extracted 

for each study: (i) foodborne human pathogen, (ii) incidence date, (iii) study type, (iv) 

country of study, (v) clinically vulnerable group (physiological), and (vi) clinically 

vulnerable group (demographic). 

 

Figure 1. PRISMA flow diagram for review of prevalence data. 
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3.4. Review of clinically vulnerable group definitions 

In addition to collating evidence to determine who is getting ill from foodborne illness, 

the research aimed to identify the current definitions of clinically vulnerable 

consumers used by other food safety organisations worldwide. 

 

3.4.1. Grey literature search strategy 

As part of the review process for clinically vulnerable groups definitions, a grey 

literature search was conducted to gather information from publications and websites 

produced by various global and national food safety organisations, as much of this 

information is expected to exist outside of peer-reviewed publications. For this 

purpose, the research team compiled a list of 31 food safety organisations located in 

the UK, EU, USA, Canada, Australia, and New Zealand to be included in this review.  

Because most of the grey literature sources did not support advanced search 

features, a simplified search strategy was developed based on the search terms and 

concepts used for the bibliographic database searches. To ensure consistency, the 

searches were conducted in Google, limiting the results to the website of the 

organisation being searched. Each organisation's website was searched using the 

same set of search strings: site: [organisational domain] AND [human pathogen] 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR 

"food contamination" OR "food safety"). For the complete search strategy for each 

organisation, please see Appendix 2. 

The searches were conducted between November 16, 2023, and February 23, 2024. 

The estimated number of hits for each search string was recorded. The first 60 hits 

were screened for relevance by one of three reviewers. Each reviewer was trained, 

and reviewer consistency was checked. Relevance was determined by assessing 

whether the retrieved document referred to any clinically vulnerable group in the 

context of foodborne illness. Peer-reviewed publications and journal articles were 

excluded from this review. Ten consecutive non-relevant or duplicated search hits 

were used as termination cut-off. All relevant documents were saved as PDF files, 

and data were extracted. 

 

3.4.2. Data extraction 

Data extraction was performed using Qualtrics software Version XM (Qualtrics, 

Provo, UT, USA; https://www.qualtrics.com). Document titles, publication years, and 

authors were recorded. Extracted data included document types, intended 

audiences, clinically vulnerable groups, and foodborne pathogens. Specific age cut-

offs for children and older adults were documented. Documents were assessed for 

inclusion of the explanations of vulnerabilities, and for citing the references to 

support the vulnerability statements. Complete definitions were recorded, and PDF 

copies of the documents were saved. The data extraction tool can be seen in 

Appendix 3. 

https://www.qualtrics.com/
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3.5. Expert panel consultation to consider clinically 

vulnerable groups 

Expert panels are a useful method for offering valuable insight into scientific 

evidence and to explore what experts believe about its application to a given 

situation (Coulter et al., 2016). 

Given the complexity of the work undertaken, and to enable meaningful 

recommendations for Food Standards Scotland regarding future definitions of 

clinically vulnerable groups, expert panel consultations were undertaken. 

 

3.5.1. Identification and recruitment of experts  

The researchers identified experts in relevant fields including representatives from 

global food safety organisations and experts in areas including food safety 

education, microbiology, medicine, nutrition, immunology, physiology, psychology, 

pharmacology, and epidemiology. 

Of the identified experts (n=30) contacted by the researchers, 26 agreed to be 

involved in the expert consultation. Three expert panels were conducted during 

February 2024 with the consolidated panel of experts (n=21) based on availability 

and time-zone restrictions. The experts who were not able to participate in the panel 

discussions reviewed the report and recommendations arising from the expert 

panels and provided further feedback (n=5). A list of the experts who wished to be 

named in the report can be found in Appendix 4.  

 

3.5.2. Conducting expert panel consultations  

In total three expert panel consultation session were undertaken, each taking 2 

hours to complete. The sessions consisted of two distinct parts, during the first part, 

the researchers presented key findings relating to: 

• The physiological background to susceptibility for various clinically vulnerable 

groups. 

• The prevalence of foodborne illnesses among clinically vulnerable groups in 

Scotland and comparable countries. 

• Findings from the review of clinically vulnerable group definitions. 

During the second part, structured discussion was facilitated and moderated by the 

researchers using predetermined prompts to guide discussion which consisted of 

four distinct sections: 

• Appropriateness of clinically vulnerable groupings. 

• Definitions of vulnerability. 

• Recommendations for communicating with clinically vulnerable groups 

• Open discussion regarding any other relevant points.  
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All panel discussions were undertaken and recorded using Microsoft Teams, which 

was utilised to generate transcripts of the discussion sessions, and a research 

assistant attended all panel discussions to take detailed notes. 

 

3.5.3. Expert panel data consolidation and analysis 

Following completion of the expert panel consultations, the transcripts were 

downloaded and reviewed independently by the researchers. The research team 

convened to consolidate the transcripts and detailed session notes and categories 

the points of discussion from each meeting into key themes relating to the 

predetermined prompts and any additional discussion points brought up by the 

expert panels to formulate recommendations for Food Standards Scotland.  

 

3.6. Discussion groups with consumers to consider food 

safety messaging for clinically vulnerable groups. 

To support the development of future food safety messaging interventions it is of 

importance to consider the preexisting perceptions and the communication 

preferences of the specific target audience (Evans & Redmond, 2022). Involvement 

of the target audience in intervention development is believed to increase potential 

effectiveness of interventions (Green et al., 1996). A review of previous consumer 

food safety education interventions established that clinically vulnerable groups are 

under-represented as targets of interventions (Sivaramalingam et al., 2015); 

furthermore, less than half of consumer food safety education interventions have 

engaged with the target audience in the development, delivery, and evaluation of 

interventions (Sivaramalingam et al., 2015). Inclusion of the intended audience in the 

development of targeted interventions is essential (O'Cathain et al., 2019); tailored 

interventions based upon a target audience’s circumstances can be developed 

through co-creation with stakeholders (Leask et al., 2017). The co-creation of 

intervention development needs to consider the current practices, preferences and 

experiences of the intended audience (Ohern & Rindfleisch, 2010).  

To give Food Standards Scotland meaningful insight to appropriate food safety 

messaging for clinically vulnerable groups, there is a need to engage with this group. 

It was agreed upon with Food Standards Scotland that a complementary research 

fellowship would be utilised to capture meaningful data for this report. 

 

3.6.1. Complementary Food Standards Scotland research  

Currently, Food Standards Scotland have a Fellowship project with the Scottish 

Environment, Food and Agriculture Research Institutions (SEFARI) to explore the 

lifestyle factors which cause members of the older population to become ill with 
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foodborne disease, the recipient of the Fellowship is the principal investigator for this 

report on clinically vulnerable groups.  

The first phase of the SEFARI fellowship project conducted in-depth telephone 

interviews and online focus groups with individuals over the age of 65 and those who 

support relatives over 65 years (n=80). These sessions explored factors influencing 

food shopping, storage, cooking, and eating behaviours, as well as food safety 

perceptions and practices (Evans, 2024). To benefit this report on clinically 

vulnerable groups, additional questions were incorporated into the second phase of 

data collection for the SEFARI fellowship. 

Although the Fellowship focuses on one clinically vulnerable group, namely people 

over the age of 65, the group often includes other clinically vulnerable groups due to 

prevalence of disease or medication. Therefore, it was deemed appropriate to utilise 

this group to complement the findings of this report. 

 

3.6.2. Recruitment of Participants 

Recruitment was carried out through an online advert on the Food Standards 

Scotland Facebook page and posters displayed on community notice boards in 

shops, community centre, leisure centres and libraries in the areas surrounding the 

selected venues for data collection. Interested participants signed up by completing 

an online form or by contacting the research team via telephone or email. 

 

3.6.3. Development of discussion group Interview Schedule 

Three statements defining clinically vulnerable groups were developed. A 

standardised semi-structured interview schedule was created to explore preferences 

for wording and information. The interview schedule aimed to gather insights into the 

participants' communication preferences and perceptions regarding food safety 

messaging. To facilitate discussion and explore preferences for risk communication, 

three different risk statements regarding clinically vulnerable groups to listeriosis 

were developed: 

• Simple YOPI classification: A short, straightforward statement based on the 

standard YOPI (Young, Old, Pregnant, Immunocompromised) categories. 

• Extended YOPI classification: This statement included specific chronic 

illnesses and treatments/medications identified in this report that result in 

reduced immune function. 

• Detailed vulnerability explanation: An extended statement that specifically 

defined why the listed groups are clinically vulnerable to foodborne illness, 

providing the most comprehensive information. 

These statements were color-coded and presented to participants in ascending order 

of complexity during the discussion groups. 
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3.6.4. Conducting discussion groups 

Six discussion groups were conducted in various locations across Scotland, 

(Stranraer, Glasgow (two), Aberdeen (two) and Inverness) during May 2024 with a 

total of 50 participants. Each session was audio recorded.  

 

3.6.5. Data collection and analysis 

All discussion group sessions were audio recorded and subsequently transcribed. 

After transcription and checking the transcripts against the original audio recordings, 

the researcher reviewed the transcripts and coded participant statements according 

to the predefined codebook using NVivo, adding sub-nodes where necessary. 

The research team reviewed the coded themes to summarise the responses 

regarding the preferences for food safety messaging for clinically vulnerable groups. 

Recommendations for future communication strategies were based on these 

findings. 

Full details regarding the methodology utilised in this phase of work, can be found in 

the SEFARI report (SEFARI, 2023). 

 

 

 

 

 

4. Results  

The results in this report consist of four sections: 

• Section 4.1: Underlying vulnerable conditions and prevalence of foodborne 

illness. The consolidated findings of the methods described in sections 3.1. 

3.2, and 3.3. 

• Section 4.2: Review of clinically vulnerable group definitions. Findings of the 

methods described in section 3.4. 

• Section 4.3: Expert panel consultations. Findings of the methods described in 

section 3.5. 

• Section 4.4: Discussion groups with consumers to consider food safety 

messaging to clinically vulnerable groups. Findings of the methods described 

in section 3.6. 
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4.1. Underlying vulnerable conditions and prevalence of 

foodborne illness 

Vulnerability of populations change over the human lifespan and differs at different 

stages of life. Vulnerable populations often include infants, ageing adults, pregnant 

individuals, individuals with chronic illnesses, those that receive medications for 

various genetic and chronic conditions, and all individuals with compromised immune 

systems, such as those with diabetes or HIV/AIDS (FAO; & WHO;, 2022; Gillespie et 

al., 2006). Socioeconomic factors, including poverty, homelessness, and limited 

access to healthcare, can also contribute to vulnerability (Newman et al., 2015; 

Quinlan, 2013). In addition, the risk of foodborne infections may be elevated due to 

the unknown individual genetic factors affecting their immune systems and the 

composition of their intestinal microbiomes (Klebanov, 2018). 

The results presented in this section consolidate the information collected as 

described in sections 3.1, 3.2, and 3.3, to provide the context and physiological 

background that makes the groups clinically vulnerable and synthesize the existing 

disease prevalence information for the pathogens of interest according to each of the 

clinically vulnerable groups without the insights into the behavioural and 

socioeconomic aspects of foodborne disease vulnerabilities.  

 

 

4.1.1. Consolidation of Scottish data 

The incidence of foodborne illness varies with age. Data detailing prevalence of the 

five pathogens of interest in Scotland among children and older adults were available 

(Table 2).  

Table 2 summarises the data obtained from Public Health Scotland and Food 

Standards Scotland and provides context regarding the frequency of the underlying 

condition or clinically vulnerable group within the Scottish population (5,436,600 as 

reported in Scotland's Census (2023)).  

Breakdown of data among clinically vulnerable groups other than older adults and 

children for all pathogens were not available. Data detailing E. coli and norovirus 

were particularly lacking in relation to the clinically vulnerable groups. Prevalence of 

listeriosis among clinically vulnerable groups was most frequently available.
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Table 2. Prevalence of five key foodborne pathogens in Scotland according to clinically vulnerable groups. (Percentage of cases reported to be among clinically vulnerable groups) 

Clinically vulnerable groups Percentage of Scottish population (5,436,600 as reported in Scotland's Census (2023)). 
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Adults aged ≥65 years 20% of population (Scotland's Census, 2023). 68% 15% 14% 23% 60% 

Children aged <5 years 4.5% of population (National Records of Scotland, 2023b). 4% 14% 18% 5% 20% 

Pregnancy associated 44,557 maternities per year (Public Health Scotland & National Statistics, 2023a).  4% * * * * 

Cancer 35,379 new diagnoses per year (Public Health Scotland & National Statistics, 2023b). 19% * * * * 

Rheumatoid Arthritis 0.8% of population (British Society for Rheumatology & Scottish Society for Rheumatology, 2018). 1.2% * * * * 

Diabetes 6.2% of the population (NHS Scotland & Scottish Diabetes Data Group, 2023). 10%f 5%g * 7%g * 

HIV/AIDS 0.1% of population (6600 people (Public Health Scotland, 2023). * * * * * 

Alcohol use disorder (AUD) 23% of population (hazardous or harmful levels (Scottish Government, 2022). 4%f * * * * 

Proton pump inhibitors (PPI) Data not available. (4.2 million annual prescriptions (Public Health Scotland, 2022)). * 25%h * 34%h * 

Transplant recipients 0.01% of population per year (NHS Blood and Transplant, 2023). * * * * * 

Inflammatory bowel disease (IBD) / 
irritable bowel syndrome (IBS) / 
Crohn's disease 

0.9% of population (Crohn's & Colitis UK, no date). 3% f * * * * 

Antibiotic use Data not available. * 10.5%i * 6%i * 

Corticosteroids use Data not available. * * * * * 

a L. monocytogenes: 166 cases (2012 – 2022) (Brownlie, 2024; Public Health Scotland, no date). 
b Salmonella: 3,726 cases (2013 – 2017) (Brownlie, 2024; Public Health Scotland, Unpublished-d). 
c Shiga toxin-producing Escherichia coli: 3,358 cases (2012 – 2023) (Public Health Scotland, Unpublished-a). 
d Campylobacter: 30,196 cases (2013-2017) (Brownlie, 2023; Food Standards Scotland, 2020a). 
e Norovirus: 15,725 cases (2012 – 2023) (Public Health Scotland, Unpublished-c). 
* denotes data not available from Public Health Scotland/Food Standards Scotland. 
f had the condition listed as an underlying condition. 
g prescribed diabetes medication 365 days preceding infection. 
h prescribed PPIs 90 days preceding infection. 
i prescribed an antibiotic 30 days preceding infection. 
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4.1.2. Studies included in the systematic review 

As described in section 3.3, to supplement and complement the data obtained from 

Scotland (Table 2), a total of 138 studies were reviewed. Most studies originated 

from the US (27%) and UK (14%), with other studies coming from Australia (7%), 

Canada (6%) and various European countries (Table 3). 

Table 3. List of countries in included prevalence studies (n=138). 

Country n % 

United States 36 27% 

United Kingdom 22 14% 

Australia 9 7% 

Canada 8 6% 

Poland 8 6% 

Italy 7 5% 

Spain 7 5% 

France 6 4% 

Netherlands 6 4% 

New Zealand 6 4% 

Switzerland 4 3% 

Denmark 3 2% 

Germany 3 2% 

Ireland 3 2% 

Finland 2 1% 

Portugal 2 1% 

Romania 2 1% 

Latvia 1 1% 

Norway 1 1% 

Lithuania 1 1% 

Turkey 1 1% 

 

As indicated in Table 4, L. monocytogenes was the most frequently included 

pathogen (58 studies) whilst norovirus was only included in 11 of the reviewed 

studies. Forty-eight studies included data detailing Salmonella, 37 included data 

detailing E. coli, whilst 25 included data on Campylobacter. It is worth noting that the 

four pathogens of interest are notifiable organisms in the countries listed, while 

norovirus is not notifiable other than in Scotland, Ireland, and Canada, a table 

indicating notifiable organisms by country can be seen in Appendix 6. 

Older adults and children were the two clinically vulnerable groups that were most 

frequently included in 84 and 72 of the studies, respectively. Pregnancy-associated 

cases were included in 37 studies whilst cancer and rheumatoid arthritis were 

included in 29 studies each. 
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Table 4. Inclusion of data detailing key pathogens and clinically vulnerable groups in reviewed 

studies (n=138). 

Clinically vulnerable groups 
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Pregnancy (n=37) 37 0 0 0 0 

Children (n=72) 12 34 21 22 3 

Older adults (n=84) 49 21 11 9 2 

Proton pump inhibitors (n=11) 5 3 0 4 0 

Rheumatoid Arthritis (n=29) 6 2 0 0 0 

Diabetes (n=20) 19 1 0 0 0 

IBD/IBS/Crohn's (n=4) 3 0 0 1 0 

Cancer/cancer treatment 
(n=29) 

27 2 0 0 0 

HIV/AIDS (n=10) 8 2 0 0 0 

Alcohol use disorder (n=12) 11 10 0 0 0 

Transplant recipients (n=9) 7 1 0 1 0 

Total (n=138) 58 48 37 25 11 

 

In sections 4.1.3 – 4.1.14, where data exist, prevalence data for the five foodborne 

pathogens of interest are presented in tabular format according to each clinically 

vulnerable group. Note that not all studies included in the review provided 

prevalence data (for example, some only reported incidence data), therefore the 

number of prevalence studies shown in the table may be fewer than the total number 

of studies cited as referring to the pathogen for that clinically vulnerable group. 

In addition to capturing data detailing the prevalence of foodborne illness among the 

clinically vulnerable groups, incidence rates were extracted from reviewed studies for 

the five pathogens according to the clinically vulnerable groups as presented in Table 

5. Incidence rates were more widely available for L. monocytogenes, than for other 

pathogens. Incidence rates are discussed in more detail in sections 4.1.3 – 4.1.14 in 

relation to each clinically vulnerable group.  
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Table 5. Incidence rates of foodborne pathogens among clinically vulnerable groups from reviewed studies (number of cases per 100,000 people).  

Clinically 
vulnerable group 

L. monocytogenes Salmonella E. coli Campylobacter Norovirus 

General population 0.07 – Norway (Antal et al., 2007) 
0.27 – UK (UK Health Security Agency, 
2023) 
0.28 – US (Pohl et al., 2019) 
0.29 – US (Silk et al., 2013) 
0.4 – US (Barkley et al., 2016) 
0.4 – Australia (OzFoodNet Working, 
2004) 
1.09 – Spain (Herrador et al., 2019) 

6.7 – Italy (Mughini-Gras et al., 
2012) 

0.3 – Australia (OzFoodNet Working, 
2004)  

  

112 – Australia (OzFoodNet Working, 
2004) 

* 

Pregnant 
individuals / 
Neonates 

Births: 
4.3 – Italy (Filipello et al., 2017) 
4.7 – Australia (OzFoodNet Working, 
2004) 
12.3 – New Zealand (Jeffs et al., 2020) 

Pregnancies:  
3.0 – US (Silk et al., 2013) 
3.73 – US (Pohl et al., 2019) 
5.6 – France (Goulet et al., 2012) 
7.19 – Spain (Herrador et al., 2019) 

* * * * 

Children <1 year: 
1.9 – US (Vugia et al., 2002). 

<5 years 
0.28 – Italy (Colarusso et al., 2022) 
1.7 – US (Barkley et al., 2016)  
 
 

<2 years: 
207 – Poland (Sadkowska-Todys & 
Czarkowski, 2015) 

<5 years: 
45 – US (Boore et al., 2015) 

<14 years: 
98.2 – Italy (Mughini-Gras et al., 
2012) 

<1 year: 
9.0 – US (Gould et al., 2009) 
<1-year (non-O157 STEC): 
3.93 – US (Gould et al., 2013) 

<2 years: 
4.9 – France (Jones et al., 2023) 
3.3 – France (Bruyand et al., 2019) 

<5 years (STEC): 
1.6 – Scotland (Public Health 
Scotland, 2020) 
1.89 – US (Gould et al., 2013) 
<5 years: 
3.90 – UK (Adams et al., 2019) 
5.6 – US (Gould et al., 2009) 
6.8 – US (Vugia et al., 2002) 
9.0 – Scotland (Public Health 
Scotland, 2020) 

<1 year 
33.5 – US (Vugia et al., 2002) 

<5 years: 
578 – New Zealand (Baker et al., 
2007) 
1.86 – Italy (Colarusso et al., 2022) 
578.1 – New Zealand (Baker et al., 
2007) 
Males <5 years: 
5.19 – New Zealand (Spencer et al., 
2012) 
218.3 – Australia (OzFoodNet 
Working, 2012) 
Females <5 years: 
160.2 – Australia (OzFoodNet 
Working, 2012) 
418 – New Zealand (Spencer et al., 
2012) 

<5 years:  
152– US (Grytdal et 
al., 2016) 

Older adults ≥65 years:  
0.05 – France (Goulet et al., 2012) 
0.21 – Italy (Colarusso et al., 2022) 
1.3 – US (Silk et al., 2013) 
2.48 – Spain (Herrador et al., 2019)  
60–69 years: 
2.4 – Australia (Parisi et al., 2019).  
3.7 – Denmark (Jensen et al., 2010) 

≥70 years:  
1.33 – US (Pohl et al., 2019)  
70-79 years:  

≥65 years: 
17.33 – Italy (Mughini-Gras et al., 
2012) 

≥85 years: 
13 – US (Boore et al., 2015) 
 
 

≥60 years:  
0.98 – England and Wales (Adams et 
al., 2016) 
0.22 – US (Gould et al., 2013) 

Males ≥65 years: 
2.85 – New Zealand (Spencer et al., 
2012) 
 
Females ≥65 years: 
2.41 – New Zealand (Spencer et al., 
2012) 

≥69 years:  
75.8 – US (Grytdal et 
al., 2016) 
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Clinically 
vulnerable group 

L. monocytogenes Salmonella E. coli Campylobacter Norovirus 

5.2 – Australia (Parisi et al., 2019). 
7.3 – Denmark (Jensen et al., 2010) 

≥75 years: 
0.98 – France (Goulet et al., 2012) 
1.7 – US (Vugia et al., 2002) 

≥80 years:  
3.1 – US (Barkley et al., 2016) 
4.8 – Australia (Parisi et al., 2019) 
80-89 years: 
12.1 – Denmark (Jensen et al., 2010) 

≥90 years:  
22.0 – Denmark (Jensen et al., 2010) 

Rheumatoid 
Arthritis 

2.71 – France (Goulet et al., 2012) * * * * 

Diabetes Type 1 diabetes: 
1.63 – France (Goulet et al., 2012) 
Type 2 diabetes: 
0.2 – France (Goulet et al., 2012) 

* * * * 

IBD/IBS/Crohn's Crohn’s: 
1.98 – France (Goulet et al., 2012) 

* * * * 

Cancer 3.75 – France (Goulet et al., 2012) * * * * 

HIV/AIDS 2.68 – France (Goulet et al., 2012) * * * * 

Transplant 7.91– France (Goulet et al., 2012) * * * * 

Alcohol use 
disorder 

* * * * * 

Proton pump 
inhibitors 

* * * * * 

* Denotes no incidence rate data available from reviewed studies. 
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4.1.3. Pregnant individuals and neonates as clinically 

vulnerable groups to foodborne illness 

 

Hormonal changes during pregnancy instigate immunological modulation aimed at 

the growth and delivery of a healthy baby (Fuhler, 2020). However, the immune 

system reconfiguration does not necessarily imply that the immune function has 

been muted or that pregnant individuals have increased susceptibility to foodborne 

illness. The immune system in pregnancy is modulated to protect the host from 

infections and simultaneously to facilitate and protect the pregnancy. It is appropriate 

to refer to pregnancy as a unique immune condition that is modulated, but not 

suppressed. Host immune responses are dependent on the stage of pregnancy and 

on the pathogen (Entrican, 2002). 

At implantation, the maternal immune system is active and fully functional. Over the 

course of pregnancy, as the foetus is growing, the immune system adapts to 

accommodate each phase of foetal development. The interactions between the 

maternal immune system and the foetus are complex, reinforcing the recognition, 

communication, trafficking, and repair by the immune cells. Pregnancy is a unique 

immune condition that is modulated, but not suppressed (Mor & Cardenas, 2010). 

The maternal immune system relies on cell-mediated responses to fend off infections 

(Orefice, 2021), this response is pathogen specific. Pathogens contain unique 

molecules referred to as pathogen-associated molecular patterns which include 

lipopolysaccharides (LPS) of Gram-negative bacteria, peptidoglycan of Gram-

positive bacteria and flagellin (Orefice, 2021). Pathogens with an intracellular life 

cycle like L. monocytogenes are engulfed by epithelial cells and multiply in the host 

cell cytoplasm. From there, the pathogen breaches the cell wall and moves onto the 

adjacent cells, bypassing antibodies, neutrophils, or any potential antibiotics in the 

extracellular fluid (Turvey & Broide, 2010). L. monocytogenes crosses the placental 
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barrier, impacting the foetus. Neonatal listeriosis is almost always acquired in utero 

(Marquis et al., 2015). 

In 2020, nearly half (47%) of all under-5 mortalities occurred among newborns. 

Infectious diseases (WHO, 2022), with gastrointestinal infections being the leading 

cause, accounted for 25% of fatalities during this period of life (Semmes et al., 

2020). A child is born with an immature innate and adaptive immune system, which 

develops and acquires memory as the child grows. 

The first 28 days of life, referred to as the neonatal period, account for one half of 

infection-caused deaths globally (WHO, 2022). The innate immune system provides 

an early first line of defence against human pathogens and is orchestrated by non-

specific cells such as monocytes/macrophages, neutrophils, and dendritic cells. 

These cells develop and mature during foetal life, but at different times (Simon et al., 

2015). While macrophage levels are supplemented to some extent by breast milk, a 

newborn’s immune system cannot produce the large number of neutrophils required 

quickly enough to fight off infection from human pathogens. By the time sufficient 

neutrophil levels are reached, the baby will likely require medical attention. 

Newborns typically grow out of this vulnerability by two months of age. Infants up to 

12 months of age still have a limited ability to mount robust immune responses, as 

their immature immune systems are under development. The reduced capability of 

simultaneous production of multiple cytokines upon immune stimuli persists 

throughout infancy (Georgountzou & Papadopoulos, 2017). 

Adaptive immunity, which involves specialised antigen presenting cells, T-cells, and 

B-cells, (Chaplin, 2010) is naive in newborns and cannot recognise pathogens for a 

quick cellular response. T-cell dependent B-cell activation is not efficient due to 

diminished T-cell priming, and it takes longer for T-cells to produce cytokines to direct 

the immune response. The levels of cytotoxic T-cells that are needed for killing 

infected cells are low, correlating to low antibody production and poor responses to 

foreign antigens (Children's Hospital of Philadelphia, 2019). B-cell responses that are 

activated by LPS or repeating proteins found on the surface of pathogenic bacteria 

are diminished in newborns which directly results in increased susceptibility to 

bacterial infections, such as meningococcus, pneumococcus or those caused by 

Mycobacterium tuberculosis and Salmonella spp. (Simon et al., 2015). 

Infections in neonates and infants are more likely to develop into a severe disease, 

often resulting in fatality. For instance, among all cases of listeriosis resulting in 

meningitis in the Netherlands from 1976-1995, neonates developed neurological 

sequelae significantly more often than older individuals (Aouaj et al., 2002). 

Foodborne pathogens that are often linked to infections in neonates include L. 

monocytogenes, Salmonella, and E. coli. Newborns receive a degree of immunity 

from their mothers, primarily through the transfer of antibodies across the placenta 

during pregnancy and through breast milk. Therefore, formula fed infants are more 

prone to gastrointestinal infections leading to a higher incidence of diarrhoea (Frank 

et al., 2019; Tampubolon & Ronny, 2021). Technological developments in baby 

formula design have been underway to mitigate the shortcomings of current products 

available on the market (Bakshi et al., 2023).  
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Pregnant individuals and neonates in Scotland 

There were 44,557 maternities (a pregnancy ending in a live or stillbirth) in Scotland 

in 2022/23, at a rate of 43.2 per 1,000 women aged 15-44 years (Public Health 

Scotland & National Statistics, 2023a). Rates of maternal obesity and diabetes are 

increasing in Scotland, with over a quarter (27.9%) and nearly a tenth (9.3%) of 

maternities now affected by obesity and diabetes, respectively (Public Health 

Scotland & National Statistics, 2023a), these trends raise important concerns 

regarding comorbidities for susceptibility to foodborne illnesses. For example, the 

proportions of preterm delivery is increased among pregnant individuals with 

diabetes (Mackin et al., 2018), and infection is a significant clinical problem in 

preterm infants, who have significantly elevated risk of developing and succumbing 

to infections due to underdeveloped innate and adaptive immune systems (Collins et 

al., 2018). Gestational diabetes presents a similar risk to foodborne illness as 

diabetes among non-pregnant individuals (see 4.1.8). 

There were 3,782 live babies born prematurely in 2022/23 which is equivalent to 

8.4% of all live born babies. The vast majority (86%) of these were born between 32 

– 36 weeks gestation (Public Health Scotland & National Statistics, 2023a). 

 

Prevalence of foodborne illness among pregnant individuals and 

neonates 

As indicated in Table 6, data regarding pregnancy associated cases of foodborne 

illness other than L. monocytogenes, were lacking both in the data obtained from 

Scotland and in the systematic review of prevalence studies. 
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Table 6 Prevalence of foodborne pathogens among pregnant individuals and neonates in 

reviewed studies (n=37) (L. monocytogenes n=37; Salmonella n=0; Campylobacter n=0; E. coli 

n=0; Norovirus n=0). 

Pathogen  
Prevalence data (percentage of cases that were reported 
to be pregnancy associated cases) 

L. monocytogenes 3% of cases in Denmark (Jensen et al., 2010) 
3% of cases in Latvia (Berzins et al., 2009) 
4% of cases in Finland (Suominen et al., 2023) 
4 – 17% of cases in Australia (Ashbolt et al., 2002; Dalton et 
al., 2011; Leung et al., 2018; OzFoodNet Working, 2004) 
7 – 11% of cases in Italy (Filipello et al., 2017; Gori et al., 
2020; Mammina et al., 2013) 
9 – 15% of cases in Germany (Koch & Stark, 2006; Wilking et 
al., 2021) 
10% of cases in Portugal (Caplan et al., 2014) 
12 – 17% of cases in France (Goulet et al., 2012; Goulet et 
al., 2008) 
12 – 21% of cases in England and Wales (Awofisayo et al., 
2015; Mook et al., 2010; Public Health England, 2018; UK 
Health Security Agency, 2024) 
13% of cases in England (Gillespie et al., 2010) 
14 – 23% of cases in US (Barkley et al., 2016; Jackson et al., 
2010; Pohl et al., 2019; Silk et al., 2013; Voetsch et al., 2007) 
15% of cases in Romania (Caplan et al., 2014) 
16% of cases in Norway (Antal et al., 2007) 
17% of cases in the Netherlands (Doorduyn, de Jager, et al., 
2006) 
23% of cases in Spain (Vallejo et al., 2022) 

Salmonella No data available 

E. coli  No data available 

Campylobacter No data available 

Norovirus No data available 

 

L. monocytogenes among pregnant individuals and neonates 

Of the 166 confirmed cases of listeriosis in Scotland between 2012 – 2022, 4% were 

pregnancy associated cases (Public Health Scotland, no date). Although Public 

Health Scotland recognise that pregnant individuals, unborn and newly delivered 

infants are vulnerable to foodborne illness, in line with reporting in the rest of the UK 

and Europe, pregnancy associated cases are counted as one case, even when both 

the mother and infant are positive (Health Protection Scotland, 2020). 

A total of 37 studies included data detailing the occurrence of foodborne illness 

among pregnant individuals, all of these were in relation to L. monocytogenes. As 

indicated in Table 6, the reviewed studies suggested that between 3% of listeriosis 

cases in Denmark (Jensen et al., 2010) and Latvia (Berzins et al., 2009) and up to 

23% of cases in Spain (Vallejo et al., 2022) were pregnancy associated cases. In 

France, the proportion of maternal-neonatal cases has declined significantly from 

51% in 1987 to 24% in 1997 (Goulet et al., 2006). 



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 31 of 162 

Many studies indicate that there were no maternal fatalities from listeriosis (Filipello 

et al., 2017; Herrador et al., 2019; Jackson et al., 2010; OzFoodNet Working, 2012; 

Vallejo et al., 2022), however, the potential severity of listeriosis was highlighted with 

studies reporting that due to foetal death, miscarriage or stillbirth, only 44 – 79% of 

pregnancy associated listeriosis cases resulted in a live birth (Antal et al., 2007; 

Ashbolt et al., 2002; Awofisayo et al., 2015; Dalton et al., 2011; Gori et al., 2020; 

Jackson et al., 2010; Pohl et al., 2019; UK Health Security Agency, 2023; Voetsch et 

al., 2007). These often occurred in the second trimester of pregnancy (Doorduyn, de 

Jager, et al., 2006). In Australia, the median foetal gestational age at diagnosis was 

35 weeks (range 18-40w) with deaths occurring between 18 and 32 weeks (Dalton et 

al., 2011), thus suggesting that mortality is highest among preterm neonates. 

As indicated in Table 5, incidence rates for listeriosis were reported per 100,000 

births in Italy, Australia and New Zealand, which were 4.3, 4.7, and 12.3 respectively 

(Filipello et al., 2017; Jeffs et al., 2020; OzFoodNet Working, 2004) In the US, 

France and Spain, incidence was recorded by 100,000 pregnancies, which were 3.7, 

5.6, and 7.2 respectively (Goulet et al., 2012; Herrador et al., 2019; Pohl et al., 

2019). 

 

Salmonella, E. coli, Campylobacter and Norovirus among pregnant 

individuals and neonates 

No data were available from Scotland or from reviewed studies regarding the 

occurrence of Salmonella, E. coli, Campylobacter, and norovirus among pregnant 

individuals. Although no data were captured regarding prevalence of other foodborne 

pathogens among pregnant individuals, the absence of data does not equate to 

absence of occurrence. 
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4.1.4. Children as a clinically vulnerable group 

 

The immune system in children aged one and older is not fully developed. In this 

immune development period, the immune system's functional capacity is limited, with 

limited ability to generate a protective cellular and humoral response, leading to 

increased susceptibility to infectious diseases. As children age, they are exposed to 

infectious agents, antigen-specific cells expand massively in frequency and mature 

from highly proliferative naive cells into less proliferative effector and memory cells 

(Weyand & Goronzy, 2016). 

The maturation of the immune system occurs in parallel with other processes, 

including exposure to food antigens, acquisition of the microbiome and introduction 

of different environmental pathogens (Hill et al., 2020). The cumulative influence of 

environmental exposure and an individual’s genetics, shape the human immune 

system. By about age five, the incidence of infectious diseases decreases in the 

population (Brodin et al., 2015). While the age of adolescence is generally 

considered to be the age of immune system maturation, it is important to emphasise 

the variations in immune systems in individuals across the lifespan.  

A study investigating 54 distinct immunological parameters among 675 individuals 

aged 2-85 over time, concluded that there was a high degree of variation in the 

immunological profiles of healthy individuals (Carr et al., 2016). Genetic factors 

accounted for ~25-50% of measured immunological variation (De Jager et al., 2015), 

and the local environment was shown to be a key factor in shaping the human 

immune system. The impact of environmental exposure to human pathogens is 

increased in children due to their developing behaviour (Ziehm et al., 2015). For 

instance, oral sensory seeking behaviour contributes to the risks of infection. 
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Children in Scotland 

The population of Scotland was estimated to be 5,436,600 on Census Day 2022, 

16.1% of the population were children aged ≤15 years, and 247,100 of the 

population were aged ≤5 years, representing 4.5% of the population (National 

Records of Scotland, 2023b). 

 

Prevalence of foodborne illness among children  

Data on the prevalence of all five foodborne pathogens among children aged ≤5 

years in Scotland were available (Table 2). In addition to this, more than half of the 

reviewed studies (72 out of 138) included data regarding children. The age 

categories for children varied and included 1–17 years, <6 years, <5 years, <4 years, 

<3 years, <2 years, and <1 years, which makes direct comparison challenging. 

Table 7 indicates that of the 72 studies including prevalence of foodborne pathogens 

among children, they included data regarding L. monocytogenes (n=12); Salmonella 

(n=34); Campylobacter (n=22); E. coli (n=21), and norovirus (n=3).  
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Table 7. Prevalence of foodborne pathogens among children in reviewed studies (n=72) (L. 

monocytogenes n=12; Salmonella n=34; Campylobacter n=22; E. coli n=21; norovirus n=3). 

Pathogen 
Prevalence data (percentage of cases that were reported 
among children) 

L. monocytogenes 1% of bacteraemia cases in US were aged 1-17 years (Silk et 
al., 2012) 
4% of cases in Latvia were <6 years (Berzins et al., 2009) 
18% of cases in Italy were <5 years (Colarusso et al., 2022) 

 
Salmonella 

27%, 36%, 41% cases in US were aged <5 years (Akil, 2021; 
Boore et al., 2015; Li et al., 2021) 
31% of cases in the Netherlands were aged <5 years 
(Doorduyn, 2006) 
38% of cases in Poland were aged <5 years (Milczarek et al., 
2022; Milczarek et al., 2021) 
48 – 52% of cases in Italy were aged <5 years (Colarusso et 
al., 2022; Sadkowska-Todys & Czarkowski, 2015). 
52% of cases in Spain were aged <5 years (Sala Farre et al., 
2015) 

E. coli 23% and 45% of cases in England and Wales were aged 1-4 
years and <15 years, respectively (Adams et al., 2016) 
24% and 27% of cases in US were aged 0-4 years and 5-17 
years, respectively (Hadler et al., 2018) 
25% of cases in Ireland and UK were aged 0-4 years 
(Rodwell et al., 2022) 
25% of cases in the Netherlands were aged 0-4 years 
(Duynhoven et al., 2002) 
40% of cases in England were aged 0-5 years (Rodwell et al., 
2023) 
40% of cases in Ireland were aged 0-5 years (Cleary et al., 
2021) 
62% of cases in France were aged <3 years (Jones et al., 
2023) 
77% of cases in Switzerland were aged <10 years (Kappeli et 
al., 2011) 

Campylobacter 56% of cases in Italy were aged <5 years (Colarusso et al., 
2022) 
70% of cases in Poland were aged 0-4 years (Gordat et al., 
2021) 
74% of cases in Spain were aged <5 years (Sala Farre et al., 
2015) 

Norovirus 11% of cases in Italy were aged <5 years (Pagani et al., 
2018) 

 

L. monocytogenes among children 

Of the 166 listeriosis cases reported between 2012 – 2022 in Scotland, 4% were 

aged 0-4 years (Public Health Scotland, no date) (Table 2). 

Prevalence of listeriosis among children was only included in 12 of the reviewed 

studies, as indicated in Table 7. These studies reported that prevalence, like that 

observed in Scotland, were low among children with 1% of bacteraemia cases in the 
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US among children aged 1-17 years (Silk et al., 2012) and 4% of all listeriosis cases 

in Latvia among children aged <6 years (Berzins et al., 2009). Wilking et al. (2021) 

reported that listeriosis among adolescents and children (other than newborns) in 

Germany is rare. Whereas data from Italy suggested 18% of listeriosis cases were 

among children aged <5 years (Colarusso et al., 2022). 

As indicated in Table 5, the incidence rates of listeriosis among children ranged 

between 0.28/100,000 for children aged <5 years in Italy (Colarusso et al., 2022), 

whereas in the US rates of 1.7/100,000 for children aged <5 years (Barkley et al., 

2016) and 1.9/100,000 for children aged <1 year (Vugia et al., 2002) were reported. 

 

Salmonella among children 

The proportion of laboratory reports per age band varied little between 2013 and 

2017, with the 0-4 age band consistently recording the highest proportion. Of the 

3,726 laboratory confirmed cases of Salmonella during the 4-year period, 14% were 

among children aged 0-4 years, this was the highest proportion by age band. The 5-

9 years and 10-14 years age bands were much lower with 5% and 4% of cases 

respectively (Public Health Scotland, Unpublished-d).  

In Scotland, the hospitalisation proportion was higher in children aged 0-4 years 

(24%) and 5-9 years (22%) compared to older children aged 10-14 (13%) and 15-19 

years (14%). The rate for Salmonella in Scotland was highest in the 0-4 age band 

with a rate of 38.3 per 100,000 for males and 33.4 per 100,000 for females (Public 

Health Scotland, Unpublished-d) 

Salmonella was the pathogen most frequently associated with children, with 34 

studies providing data regarding salmonellosis among children as indicated in Table 

7. The incidence of Salmonella was reported to be highest among children aged <5 

years (Crim et al., 2014). The proportion of all Salmonella cases that occurred 

among children aged <5 years ranged from 27% in the US (Boore et al., 2015) to 

52% in Spain (Sala Farre et al., 2015). It was estimated that 10% of illnesses, 20% 

of hospitalisations and 8% of deaths from Salmonella in the US were among children 

aged <5 years (Scallan et al., 2013). 

The incidence rate of Salmonella in the reviewed studies varied according to age 

group, for example the incidence rate among children aged <2 years was 207 per 

100,000 (Sadkowska-Todys & Czarkowski, 2015), while children aged <5 years was 

45 per 100,000 (Boore et al., 2015) and 98.2 per 100,000 among children aged <14 

years (Mughini-Gras et al., 2012). 

 

E. coli among children 

In Scotland, 18% of 3,358 laboratory confirmed cases of E. coli O157/non-O157 

STEC between 2012 – 2023 were among children aged 0-4 years (Public Health 

Scotland, Unpublished-a). During 2019, STEC infection rates in Scotland were 

reported to vary across the population, with overall higher rates observed in children 

aged <5 years. Children aged <16 years accounted for 33% of cases. Children aged 
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<5 years had the highest rate of E. coli O157 infection, 9.0 per 100,000 population 

and 11.6 per 100,000 population for non-O157 STEC (Public Health Scotland, 2020). 

Twenty-one of the reviewed studies included prevalence of E. coli among children 

(Table 7). A number of these studies reported that the highest proportion of E. coli 

cases were among young children (Adams et al., 2016; Cleary et al., 2021; Crim et 

al., 2014; Gould et al., 2013; Jeffs et al., 2018; Jones et al., 2023; Rodwell et al., 

2022; Rodwell et al., 2023; Vrbova et al., 2012). Of E. coli cases, prevalence among 

children aged 0-4 years ranged from 24% in the US (Hadler et al., 2018) and 25% in 

the Netherlands (Duynhoven et al., 2002) with up to 40% in England (Rodwell et al., 

2023) and Ireland (Cleary et al., 2021) among children aged 0-5 years. Data from 

France reported that 62% of cases were among children aged <3 years (Jones et al., 

2023) while data from Switzerland reported that 77% of cases were among children 

aged <10 years. Reviewed studies suggested that the incidence rate of E. coli was 

significantly higher among the 0-4 age group at 3.90 per 100,000 population (95% 

3.21-4.58) than any other age group (Adams et al., 2019). 

 

Campylobacter among children 

A total of 30,196 confirmed cases of Campylobacter were reported in Scotland 

between 2013 – 2017, of which 5% were among children aged 0-4 years, fewer were 

reported among children aged 5-9 years (2%) and 10-14 years (2%) (Food 

Standards Scotland, 2020a). The hospitalisation rates for Campylobacter in Scotland 

among children aged 0-4 years was 18%, 5-9 years was 15% and 10-14 and 15-16 

years were 11% (Food Standards Scotland, 2020a). 

Research from Scotland suggested that the 5-14 years age group was found to have 

the greatest exposure to Campylobacter risk factors, the 0-4 years age group had 

the greatest number of cases and the 5-14 years age group the least, indicating that 

greater exposure does not necessarily result in higher disease incidence. This 

suggests that those aged 0-4 years are more susceptible to infection due to low 

immunity or due to behavioural factors (MacRitchie et al., 2013). 

Of the reviewed studies, 22 included data regarding campylobacteriosis among 

children. Most studies reported incidence of Campylobacter to be highest among 

children aged 0-4 years (Baker et al., 2007; Colarusso et al., 2022; Crim et al., 2014; 

Doorduyn et al., 2010; Gordat et al., 2021; Jeffs et al., 2018, 2019; John et al., 2022; 

OzFoodNet Working, 2004, 2012; Sala Farre et al., 2015; Sorokin et al., 2007; 

Spencer et al., 2012; Vrbova et al., 2012; Vugia et al., 2002), with prevalence data 

indicating 56-74% of Campylobacter cases in various European countries to be 

among children <5 years (Colarusso et al., 2022; Gordat et al., 2021; Sala Farre et 

al., 2015) (Table 7). 

Reported hospitalisation rates for campylobacter were highest for children aged <1 

year (Baker et al., 2007; Jeffs et al., 2019). The incidence rate of campylobacteriosis 

for the 0-4 years age group was reported to be twice as high as almost all other age 

groups (Spencer et al., 2012), with incidence rates of Campylobacter among children 

aged <5 years varying from 1.86 per 100,000 in Italy (Colarusso et al., 2022) to 578 

per 100,000 in New Zealand (Baker et al., 2007). 
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Norovirus among children 

As indicated in Table 2, a fifth (20%) of the 15,725 laboratory confirmed cases of 

norovirus between 2012 – 2023 were among children aged 0 – 4 years (Public 

Health Scotland, Unpublished-c). 

Only three of the reviewed studies provided insight into prevalence of norovirus 

among children. These studies reported that the incidence of norovirus was “high” 

among children aged <3 years in Lithuania, with infections reported to be 6 times 

higher than among aged 4-6 years (Milisiunaite et al., 2010), 11% of norovirus cases 

in Italy were among children aged <5 years (Pagani et al., 2018) and the highest 

incidence was reported among children aged <5 years with community incidence at 

a rate of 152.2 per 1,000 person-years in the US (Grytdal et al., 2016). 
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4.1.5. Older adults as a clinically vulnerable group 

 

Ageing and senescence of the immune system makes older adults vulnerable to 

infections (Chen et al., 2016). An ageing immune system is less efficient in its 

response, increasing the risk of severe outcomes and invasive disease in older 

individuals (Parry et al., 2013; Scallan et al., 2015a, 2015b). Ageing is associated 

with progressive deterioration of the immune system and other organs, eventually 

leading to organ failure and death (Weyand & Goronzy, 2016). Ageing affects innate 

immunity; however, the underlying molecular events are not well understood 

(Goronzy & Weyand, 2013). Much more is known about adaptive immunity. The 

immune system is prone to ageing due to its intense production of several 

metabolites (e.g. antibodies, cytokines) and cell-surface molecules (e.g., stimulatory, 

and inhibitory receptors and ligands) in response to antigens. This requires rapid and 

intense proliferation of immune cells, making the immune system highly susceptible 

to ageing. T-cells, that have the highest proliferative potential in the body and, with a 

survival span of several decades, are subject to wear-and-tear damage (Weyand & 

Goronzy, 2016). The effects of ageing immunity manifests in slower production of T-

cell and B-cells by immune system organs, causing the decline in immune system 

function (Montecino-Rodriguez et al., 2013). 

As the immune system progresses through senescence, older adults become more 

vulnerable to foodborne infections. Several studies have specifically examined risk 

factors for infection in this population (Institute of Medicine Division of Health 

Promotion and Disease, 1992; Liljas et al., 2022). The risks of severe outcomes and 

incidence of invasive disease (Parry et al., 2013) resulting in complications and 

mortality grow with age (Scallan et al., 2015b). While ageing related changes are 

unavoidable, their timing varies widely among individuals. At the same time, the 

incidences of chronic inflammatory diseases (e.g. cardiovascular disease, diabetes, 

cancers, etc.) increase. The underlying conditions among older adults, and the 

medications used to treat or manage the diseases, make them further vulnerable to 
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foodborne illnesses (Gavazzi et al., 2004). In high-income countries, the greatest 

increases in the prevalence of multimorbidity commonly occur in two periods: 

between the ages of 50 and 60 years, and in advanced old age (≥70 years) (WHO, 

2015). Due to complex overall ageing processes involved, immune system 

senescence occurs at a different pace in individuals. However, in the literature, 60 is 

frequently cited (WHO, 2015) as the age when the immune system is considered 

senescent in most ageing adults. The age of 65 is commonly cited in the literature 

describing foodborne illness infection, however, this cut-off may not be aligned with 

the physiology of the ageing immune system. 

Ageing individuals are increasingly likely to experience multimorbidity. Specifically, 

several GI diseases become more common, including oesophageal and stomach 

conditions (e.g. gastroesophageal reflux disease, chronic atrophic gastritis, 

Helicobacter pylori infection, etc.) (Bhutto & Morley, 2008). Management of these 

conditions that occur more frequently in ageing adults, especially individuals older 

than 65, require chronic medications that reduce levels of stomach acid as a side 

effect (Dumic et al., 2019). 

  

Older adults in Scotland 

Census data report there are over one million people aged 65 and over in Scotland, 

accounting for 20% of the population (Scotland's Census, 2023). Data specifically 

regarding those aged ≥65 years were available for the five pathogens of interest. 

 

Prevalence of foodborne illness among older adults.  

Data on the prevalence of all five foodborne pathogens among the older adult 

population in Scotland were available. Of the 185 reviewed studies, 84 presented 

data regarding older adults, these included various age category classifications 

including >50, >60, >65 and >75 years. These studies included data regarding the 

five pathogens of interest, L. monocytogenes (n=49); Salmonella (n=21); 

Campylobacter (n=9); E. coli (n=11), and norovirus (n=2). The prevalence of these 

pathogens among older adults are included in Table 8. 
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Table 8. Prevalence of foodborne pathogens among older adults in reviewed studies (n=84) (L. 

monocytogenes n=49; Salmonella n=21; Campylobacter n=9; E. coli n=11; norovirus n=2). 

Pathogen  
Prevalence data (percentage of cases reported among 
older adults) 

L. monocytogenes 30% of cases in Portugal were aged >65 years (Almeida et 
al., 2006) 
65 – 67% of cases in Italy were aged >65 years (Gori et al., 
2020) 
71% of notifications in Australia were aged >65 years (Leung 
et al., 2018). 
71% of cases in Norway were aged >60 years (Antal et al., 
2007). 
74% of cases in Australia were aged >60 years and 40% 
were aged >75 years (Dalton et al., 2011). 
76% of cases in Germany were aged >65 years (Wilking et 
al., 2021) 
76% of cases in Australia were aged >60 years (OzFoodNet 
Working, 2012) 
76% of cases in England were aged >60 years (Gillespie et 
al., 2010) 

Salmonella 9% of cases in Denmark were aged >65 years (Gradel et al., 
2008). 
12% of cases in Spain were aged >65 years (Sala Farre et 
al., 2015) 
16% of cases in US were aged >60 years (Akil, 2021; 
Tumuhairwe et al., 2008) 
17% of cases in Italy were aged >65 years (Graziani et al., 
2015). 
65 – 67% of cases in Poland were aged >60 years 
(Milczarek et al., 2021) 

E. coli 7% of cases in Switzerland were aged >60 years (Kappeli et 
al., 2011) 
10% of cases in US were aged >65 years (Hadler et al., 
2018) 
11% of cases in US were aged >60 years (Gould et al., 
2009) 
17% of cases in Ireland were aged >65 years (Cleary et al., 
2021) 

Campylobacter 3% of cases in Spain were aged >65 years (Sala Farre et al., 
2015) 
14% of cases in US were aged >75 years (Armed Forces 
Health Surveillance, 2014) 

Norovirus 22% of cases were aged ⩾69 years (Pagani et al., 2018) 

 

L. monocytogenes among older adults 

As indicated in Table 2, the Listeria surveillance data obtained from Public Health 

Scotland indicated that 68% of the 166 laboratory confirmed cases of listeriosis 

between 2012 – 2022 were aged ≥65 years; the 75-79 age band accounted for 18% 

of the cases. Although data show an increase in prevalence after the age of 65 
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years, data indicate that 7.2% of listeriosis cases were among people aged 60 – 64 

years, compared to 3.6% among the 55 – 59 years age band. Of the 10 known 

deaths believed to be associated with listeria, nine were among those aged over 65 

(Public Health Scotland, no date). 

A total of 47 studies included data detailing listeriosis among older adults. This was 

the highest number of studies referring to a specific clinically vulnerable group and 

specific pathogen. Numerous studies reported that the median age of listeriosis 

cases were >65 years (69 years (Preußel et al., 2015); 71 year (Bennion et al., 2008; 

Gori et al., 2020; Vallejo et al., 2022); 72 years (Gillespie et al., 2009); 73 years 

(Charlier et al., 2017) and 75 years (Suominen et al., 2023)). 

Prevalence data, as illustrated in Table 8 ranged from 30% of cases among people 

aged >65 years in Portugal (Almeida et al., 2006) to 76% of cases in Germany 

(Wilking et al., 2021), Australia (OzFoodNet Working, 2012) and England (Gillespie 

et al., 2010) among older adult age groups. Furthermore, the mortality rate 

associated with listeriosis increased with age, those aged 60-69 years, the mortality 

rate was 30%; among those aged 70-79 years, it was 32%; and those aged 80+, it 

was 36% (Scobie et al., 2019). 

The incidence rate of listeriosis in Finland was reported to be 11-fold greater in those 

aged ≥75 years compared to other age groups (Suominen et al., 2023). Similarly, in 

England, Listeria incidence rate peaked in adults ≥60 years, which were 4.4 times 

the rate compared with children 0-4 years old (Scobie et al., 2019). 

It was reported that the increased incidence of listeriosis among individuals ≥60 

years old in England and Wales between 2001 and 2007 occurred in those with 

cancer or other conditions whose treatment included acid-suppressing medication 

(Gillespie et al., 2009). 

 

Salmonella among older adults 

Of the 3,726 laboratory confirmed cases of non-typhoidal Salmonella in Scotland 

over the period 2013-2017, 15% were among those aged ≥65 years (Table 2) (Public 

Health Scotland, Unpublished-d). Although data suggest a peak in young adults, an 

increase was observed in middle aged adults and a decline in older adults. Mean 

length of stay increased with age particularly among those aged over 74 years, with 

the highest proportion of hospitalisations among those aged ≥80 years (Public 

Health Scotland, Unpublished-d). The cost burden on hospitals from confirmed 

Salmonella cases increases with age due to the higher rate of hospitalisation and a 

longer hospital stay among the older adult cases. This increased length of stay may 

be associated with other conditions (Public Health Scotland, Unpublished-b). 

Twenty-one studies included data regarding prevalence of Salmonella among older 

adults. Similar to data from Scotland, these studies suggested that between 9 – 17% 

of salmonellosis cases were among older adults (Akil, 2021; Gradel et al., 2008; 

Graziani et al., 2015; Sala Farre et al., 2015; Tumuhairwe et al., 2008). Conversely, 

one study suggested that 65 – 67% of salmonellosis cases in Poland were among 

those aged >60 years, however it was suggested that these were parenteral 

salmonellosis which occur outside of the intestine (Milczarek et al., 2021) (Table 8). 
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Incidence rate in Australia increased from 2.4 per 100,000 for those aged 60-69 

years to 5.2, and 4.8 per 100,000 for age groups 70-79 years and 80+ (Parisi et al., 

2019). Although the reviewed studies do not suggest that older adults are 

disproportionally included in prevalence of Salmonella, older adults did have the 

highest proportion of Salmonella infections requiring hospitalisation (Wilson et al., 

2018). The percentage hospitalised for Salmonella and the percentage who died 

from Salmonella was higher among adults aged ≥65 years than among children 

aged <5 years or people aged 5-64 years (Scallan et al., 2015a). 

There is a need to consider underlying conditions among the older adult groups, 

Turgeon et al. (2017) reported that among those aged ≥60 years that were 

hospitalised with non-typhoidal Salmonella, 60% were also diagnosed with at least 

one of four prevalent chronic diseases these being cardiovascular diseases, 

diabetes, arthritis, and cancer. 

 

E. coli among older adults 

Fourteen percent of the 3,358 laboratory confirmed cases of E. coli between 2012 – 

2023 in Scotland were aged ≥65 years (Table 2) (Public Health Scotland, 

Unpublished-a). Age distribution data of non-O157 STEC in Scotland during 2019 

reported that 12% of cases were ≥65 years and 13% of E. coli O157 cases were ≥65 

years (Public Health Scotland, 2020). 

Data from the 11 of the 138 reviewed studies that provided information regarding E. 

coli among the over 60 population, suggested that between 7 – 17% of cases were 

>60 years (Cleary et al., 2021; Gould et al., 2009; Hadler et al., 2018; Kappeli et al., 

2011). As with Salmonella, the percentage hospitalised for E. coli O157 and the 

percentage who died was higher among adults aged ≥65 years than among children 

aged <5 years or people aged 5-64 years (Scallan et al., 2015a) (Table 8). 

As indicated in Table 5, the incidence rate for E. coli among people aged ≥60 years 

were available for England and Wales (0.98 cases per 100,000 population) (Adams 

et al., 2016) and the US (0.22 cases per 100,000 population) (Gould et al., 2013), 

these studies reported that crude incidence of E. coli infections decreased with 

increasing age as incidence was lowest among this age group compared to others. 

People aged ≥65 years were reported to be disproportionately affected by E. coli in 

Ireland, accounting for 16.6%, compared with 11.7% for the national population 

(Cleary et al., 2021) 

 

Campylobacter among older adults 

Between 2013 – 2017, 23% of 30,196 confirmed Campylobacter cases in Scotland 

were aged ≥65 years. Although those aged 60 – 69 years, 70 – 79 years, and 80+ 

years accounted for 16%, 11% and 5% of cases respectively, the highest percentage 

of cases was in the 50 – 59 age group (18%) (Food Standards Scotland, 2020a). 
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The hospitalisation rate among older adults in Scotland increased with age (60-64 

years 12%; 65-69 13%; 70-74 years 19%; 75-79 years 24%, and ≥80 years 33%), 

furthermore the mean length of stay also increased with age. 

Severity of illness was greater among those of older age. Among the 101 cases 

admitted to an intensive care or high dependency unit for a Campylobacter related 

condition, 50% were aged ≥65 years (Food Standards Scotland, 2020b) and the 

mean age of 67.7 years for cases with a severe outcome was >20 years above the 

mean age for all Campylobacter cases (46.2 years). This may be attributed to the 

higher rates of underlying medical conditions among the older population. Over the 

5-year period, 12 cases died with Campylobacter enteritis with a mean age of 75.5 

years (Food Standards Scotland, 2020a, 2020b). 

Nine studies discussed older adults in relation to Campylobacter, as indicated in 

Table 2, between 3% of all Campylobacter cases in Spain were aged ≥65 years 

(Sala Farre et al., 2015) and up to 14% of cases in the US were aged ≥75 years 

(Armed Forces Health Surveillance, 2014) (Table 8).  

In the US, although among adults aged ≥65 years, the rate of infection decreased 

with age for Campylobacter, the percentage hospitalised for Campylobacter and the 

percentage who died from Campylobacter was higher among adults aged ≥65 years 

than among children aged <5 years or people aged 5-64 years (Scallan et al., 

2015a). Data from New Zealand also indicated a peak in hospitalisations from 

Campylobacter among people aged ≥70 years (Baker et al., 2007) The case fatality 

rate from Campylobacter in the US was highest in persons aged ≥50 years (0.4%) 

(Vugia et al., 2009). 

 

Norovirus among older adults 

Data obtained from Scotland regarding the 15,725 confirmed norovirus cases 

between 2012 and 2023, reported that 60% of cases were among those aged ≥60 

years.  

There was a lack of comparable data globally, with only two of the reviewed studies 

including prevalence of norovirus among older adults. These studies suggested that 

of 37 community acquired cases of norovirus in Italy, 22% were among people aged 

≥69 years (Pagani et al., 2018) and that the community incidence rate of norovirus in 

the US was reported to be 75.8 per 1,000 person-years (Grytdal et al., 2016). 
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4.1.6. People using proton pump inhibitors (PPI) as a 

clinically vulnerable group 

 

Gastric acid (hydrochloric acid) is produced by gastric glands in the stomach wall 

and released into the stomach. Gastric acid provides the first line of protection 

against foodborne infections in humans (Smith, 2003). It plays a critical role in the 

digestion of food by activating pepsinogen and denaturing proteins from food, 

facilitating the absorption of calcium and iron, and by inhibiting infectious bacteria 

from reaching the intestine (Martinsen et al., 2005). Studies in vitro and in vivo have 

shown that gastric juice kills bacteria within 15 to 30 minutes when the pH is at a 

normal level (pH <3) (Tennant et al., 2008). If the pH is raised above 4.0, bacterial 

overgrowth occurs (Giannella et al., 1972).  

Hypochlorhydria, is a condition when gastric acid levels are low in the stomach 

resulting in an elevated pH (4<pH<7) (Hedberg, 2022) and characterized by 

increased susceptibility to pathogen overgrowth. Animal experiments have shown 

enhanced survival of foodborne human pathogens including Salmonella enterica 

serovar Typhimurium, Yersinia enterocolica, and Clostridium perfringens after the 

passage through the stomachs of hypochlorhydric mice (Tennant et al., 2008), 

demonstrating that gastric acid provides a barrier even from highly acid resistant 

Yersinia strains of foodborne pathogens and Clostridium spores (Hedberg, 2022). 

Hypochlorhydria can be acquired as a side effect of gastric surgery or through 

chronic use of certain medications (Haastrup et al., 2018).  

Although older adults are often thought to be more prone to foodborne illness due to 

the decreased level of gastric acid, hypochlorhydria does not seem to be directly 

related to old age but rather to underlining conditions that increase in prevalence 

with age (Feldman et al., 1996). In research studies investigating age dependence of 

stomach pH, gastric acid output rates in older adults (>65 years of age) were similar 

to young (18–34 years) and middle-aged (35–64 years) groups after adjustments for 

histology, H. pylori infection, and other conditions (Soenen et al., 2016). The decline 
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in acid secretion in older adults is primarily linked to a higher prevalence of 

gastrointestinal problems among ageing individuals, especially those aged over 65 

years. Gastrointestinal disorders that increase in incidence with age include 

gastroesophageal reflux disease, chronic atrophic gastritis, and H. pylori infections. 

These disorders result in a slower return to baseline levels after pH-level disruption, 

and increased probability of pathogen passage to the intestines (Feldman et al., 

1996; Russell et al., 1993). Management of these conditions often requires chronic 

medications that reduce levels of stomach acid as a side effect (Haastrup et al., 

2018). 

Proton pumps are enzymes in the stomach lining that help make acid to digest food. 

The proton pump (H+/K+-ATPase) is the final common pathway for acid secretion in 

gastric cells, and inhibition of the pump blocks acid secretion (Waller & Sampson, 

2018). Proton pump inhibitors (PPIs) are a class of medications used to treat a wide 

variety of pathologies related to the stomach's acid production (Ahmed & Clarke, 

2023). For example, Omeprazole is prescribed to help reduce the amount of acid the 

stomach makes, and is widely used to treat indigestion, heartburn, acid reflux, and to 

prevent and treat stomach ulcers (NHS, 2021). While the acidic environment of the 

stomach serves as a chemical barrier against bacterial infection, PPI use is 

associated with increased enteric foodborne infections (Ahmed & Clarke, 2023). A 

single dose of a PPI inhibits acid production by up to 90% for approximately 24 hours 

(Waller & Sampson, 2018). Although the exact mechanism for the increased infection 

risk is still under investigation, it is believed that the decreased acidic environment of 

the stomach leads to bacterial overgrowth thus increasing the risk of bacterial 

aspiration and changes in the gut microbiome (Ahmed & Clarke, 2023; Godman et 

al., 2018). 

PPIs are commonly prescribed to ageing adults (Dumic et al., 2019). A systematic 

review of PPI utilisation reported most frequent use in individuals 65 years and older 

(37.1% of total users), followed by the young to middle aged group (≤ 49 years old: 

34.7% of total users), females (56.1%), and those of white ethnicity (75%) (Shanika 

et al., 2023). The prescription of PPI medication, or over-the-counter use completely 

impairs gastric acid secretion leading to medication induced hypochlorhydria 

(Hurwitz et al., 1997). Increased risk of infection over time has been demonstrated 

among people using PPIs (Yibirin et al., 2021). Several infections have been linked 

to ongoing use of this group of medications, however, long-term susceptibility to 

infections due to past exposures to PPIs has been reported. Increased prevalence of 

Clostridium difficile infections has been shown in individuals with current and past 

use of PPIs. PPI use is a known risk factor for kidney, urinary, respiratory, and other 

infections. PPI use also increases the risk of fractures (Thong et al., 2019), dementia 

(Ortiz-Guerrero et al., 2018), cardiovascular disease (Manolis et al., 2020), and may 

lead to several malnutrition disorders (e.g. Vit B-12 deficiency, hypomagnesemia) 

due to impaired nutrient absorption (Mumtaz et al., 2022).  

With ageing populations, the increasing prevalence of chronic diseases, and 

polypharmacy (simultaneous use of multiple medicines by an individual for their 

conditions), PPIs have become one of the most prescribed medicines in developing 

countries due to their effectiveness versus Histamine Type-2 (H2) receptor 

antagonists/blockers (Godman et al., 2018). 
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Increased use of PPI medications among children has been documented in many 

developed countries (Lassalle et al., 2023). In France, 6.1% of children under 2 

years of age used PPIs in 2019 (Taine et al., 2021). Prevalence of PPI use among 

children in Denmark in 2020 was 4.6%, tripling in the last two decades (Aznar-Lou et 

al., 2019). Similarly in New Zealand, PPI prescriptions increased from 2.4% to 5.2% 

between 2005 and 2012 (Blank & Parkin, 2017).  

 

PPI usage in Scotland 

In Scotland, a three-fold increase in PPI use was seen between 2001 and 2017 

(Godman et al., 2018). During 2019/20 and 2020/21, omeprazole was the most 

commonly prescribed item in NHS Scotland, accounting for a total of 4.2 million 

items annually (Public Health Scotland, 2022).  

PPIs are reportedly overprescribed (Forgacs & Loganayagam, 2008) and are often 

taken for longer than needed (Farrell et al., 2022). It has been suggested that 41% of 

older individuals in Scotland are prescribed PPIs, 86% of which were inappropriate 

overprescribed PPIs (Jarchow-MacDonald & Mangoni, 2013). 

 

Prevalence of foodborne illness among people using PPIs 

Among the 138 reviewed studies, 12 included data detailing the association between 

PPI use and prevalence of foodborne illness, of which five included listeriosis, three 

included salmonellosis and four included campylobacteriosis. No studies included E. 

coli or norovirus (Table 9). 
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Table 9. Prevalence of foodborne pathogens associated with proton pump inhibitor use in 

reviewed studies (n=12) (L. monocytogenes n=5; Salmonella n=3; Campylobacter n=4; E. coli 

n=0; norovirus n=0). 

Pathogen 
Prevalence data (percentage of cases that were 
associated with proton pump inhibitor use) 

L. monocytogenes 16% cases in Germany prescribed PPIs (Preußel et al., 
2015) 
16% CNS and 13% Bacteraemia cases in UK used PPIs 
(Gillespie et al., 2009)  
50% cases in Finland prescribed PPIs in the 90 days 
preceding infection (Suominen et al., 2023) 

Salmonella 9% of cases in the Netherlands associated with PPI use 
(Doorduyn, Van Den Brandhof, et al., 2006) 

E. coli No data available 

Campylobacter 8% of cases in the Netherlands were issued PPI 
prescriptions (Bouwknegt et al., 2014) 
10% of cases in the Netherlands associated with PPI use 
and 2% associated with H2 antagonists (Doorduyn, Van Den 
Brandhof, et al., 2006) 
10% of cases self-reported recent use of acid-suppressing 
medication (Tam et al., 2009) 
13% of cases in Australia were attributable PPI use in the 28 
days preceding infection (Cribb et al., 2022) 

Norovirus No data available 

 

L. monocytogenes among PPI users 

Data regarding the association between PPI use in Scotland and cases of listeriosis 

were not available. Five of the reviewed studies provided information detailing PPI 

use among people with listeriosis. The reviewed studies suggested that prescribed 

PPIs were associated with an increased risk of listeriosis, with 16 – 50% of cases in 

Europe reported to be among people prescribed PPIs prior to listeriosis infection 

(Gillespie et al., 2009; Preußel et al., 2015; Suominen et al., 2023) (Table 9). 

A population-based case-control study using Danish health registries established 

that the adjusted odds ratio (OR) for development of listeriosis with current use of a 

PPI was 2.81 (95% CI, 2.14-3.69) suggesting that PPI usage <90 days before 

listeriosis infection was statistically significant, the risk waned with time since last 

prescription redemption whereas no significant association was found for use of H2 

antagonists, (adjusted OR, 1.82 (95% confidence interval, 0.89-3.71)) (Kvistholm 

Jensen et al., 2017). 

 

Salmonella among PPI users 

Of the 3,726 Salmonella cases reported in Scotland, 25% were prescribed PPIs in 

the 90 days preceding their positive specimen date (Public Health Scotland, 

Unpublished-d) (Table 2). 



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 48 of 162 

Reviewed studies suggested that 9% of cases in the Netherlands were associated 

with PPI use and 3% of cases were associated with H2 antagonists (Doorduyn, Van 

Den Brandhof, et al., 2006). Australian data indicated that 23% of salmonellosis-

associated hospitalisations had a peptic ulcer disease and/or PPI use listed as an 

underlying condition (Wilson et al., 2018) (Table 9). Chen et al. (2016) reported that 

among adults aged ≥45 years in Australia, for those taking PPIs the risk of 

Salmonella infection was 1.9 times higher than for those not taking PPIs. 

 

Campylobacter among PPI users 

Data obtained from Scotland indicated that 34% of campylobacteriosis cases were 

prescribed PPIs in the 90 days preceding infection (Food Standards Scotland, 

2020a) (Table 2). 

A previous review regarding the campylobacteriosis epidemic in Scotland between 

1990–2012 which saw a 75% increase in reported cases that included a 300% 

increase among older adults and a 50% decrease in young children, suggested that 

the increase in Campylobacter incidence may be explained by the increase in 

dispensing, and over-the-counter availability of PPIs with 30% of campylobacteriosis 

cases among older adults associated with PPI use. It is proposed that as PPI 

prescribing increases, combined with the growing number of older adults in Scotland, 

it will likely result in a further increase in cases and hospitalisations of 

campylobacteriosis associated with PPI use (Strachan et al., 2013). 

The reviewed studies indicated that PPI use was attributed to 8 – 13% of cases 

(Bouwknegt et al., 2014; Cribb et al., 2022; Doorduyn, Van Den Brandhof, et al., 

2006). It must also be considered that similar medication can be purchased without a 

prescription, indeed, data from England reported that 10% of Campylobacter enteritis 

cases self-reported recent use of acid-suppressing medication (Tam et al., 2009). As 

with salmonellosis, the proportion of campylobacteriosis cases associated with H2 

antagonists was lower (2%) than those associated with PPI use (10%) (Doorduyn, 

Van Den Brandhof, et al., 2006). 

It was established that the use of PPIs in the 4 weeks prior to illness was significantly 

associated with campylobacteriosis (adjusted OR, 2.8, 95% confidence interval, 1.9-

4.3) (Cribb et al., 2022). Bouwknegt et al. (2014) reported that the effect of PPI 

prescriptions was greatest amongst the younger age groups and gradually 

decreased for older age groups despite the larger number of prescriptions in the 

older groups. For example, of those with campylobacteriosis, 12% were aged <25 

years with a PPI prescription, the incidence rate ratio was 1.0, whereas 41% were 

aged >71 years with a PPI prescription, for which the incidence rate ratio was 0.56. 

 

E. coli and norovirus among PPI users 

Data regarding prevalence of PPI use among cases of E. coli, and norovirus were 

not available in data obtained from Scotland or the reviewed studies.  
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4.1.7. People with rheumatoid arthritis as a clinically 

vulnerable group 

Rheumatoid arthritis is a chronic autoimmune, inflammatory disease characterised 

by inflammation in the affected parts of the body, commonly joints (Brody, 

2012). Estimated global prevalence of rheumatoid arthritis is 0.5-1% (Almutairi et al., 

2021). People with rheumatoid arthritis have increased susceptibility to foodborne 

illness and other infections due to the pathobiology of their disease, characterised by 

premature ageing of the immune system. Additionally, multiple co-morbidities and 

immunosuppressive therapy in rheumatoid arthritis have a profound impact on the 

risk of infections (Listing et al., 2013). 

In people with rheumatoid arthritis, ageing of the immune system occurs at an 

accelerated rate, impairing the host's protection against pathogen invasion and 

making them susceptible to infections (Li et al., 2018). T-cells, which are most prone 

to ageing, undergo premature immunosenescence marked by the loss of CD28 and 

shortening of telomeric sequences. Naïve CD4 T-cells are reprogrammed due to 

changes in metabolic pathways causing the profound remodelling of the immune 

system. Clonally expanded CD4+CD28- T-cells that are proinflammatory and tissue 

destructive accumulate (Li et al., 2018), leading to chronic immunological 

dysfunctions and premature immunosenescence. Multiple co-morbidities in people 

with rheumatoid arthritis further exasperate their vulnerability. Chronic diseases such 

as diabetes, cardiovascular, lung and kidney diseases, malignancies, and other 

underlying conditions have increased the risk of foodborne illness among people with 

rheumatoid arthritis. These co-morbidities are more common among people with 

rheumatoid arthritis compared to the general population (Baillet et al., 2016). 

Additionally, rheumatoid arthritis therapy uses multiple immunosuppressive drugs 

(American College of Rheumatology Subcommittee on Rheumatoid Arthritis 

Guidelines, 2002) . The risk of infections among people with rheumatoid arthritis will 

depend on the dose and combination of the treatment they receive (Thomas & 

Vassilopoulos, 2020). Glucocorticosteroids have been shown to increase 
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susceptibility to severe infections up to 4-fold in a dose-dependent manner (Youssef 

et al., 2016). TNF-α inhibitors also increase the risk of serious infection up to 2-fold 

(Listing et al., 2013). Other potent immunosuppressive drugs include biologics, T-cell 

blockers, B-cell depleting drugs, and other immunomodulatory agents that all 

contribute to immunological disfunctions and increased susceptibility.  

 

People with rheumatoid arthritis in Scotland 

No single official statistic exists for the prevalence of rheumatoid arthritis in Scotland 

(The Scottish Inflammatory Diseases and Rheumatology Industry Group, no date). It 

is difficult to ascertain current levels of prevalence of rheumatoid arthritis in Scotland 

(Scottish Public Health Network, 2012). In 2012, an estimated 36,835 adults in 

Scotland had rheumatoid arthritis (Scottish Public Health Network, 2012). In 2018, 

44,000 people in Scotland were reported to have rheumatoid arthritis (British Society 

for Rheumatology & Scottish Society for Rheumatology, 2018). Rheumatoid arthritis 

is the 23rd most common cause of disease burden in Scotland, with women bearing 

a larger share (68%) compared to men (32%). Overall, 52% of the total rheumatoid 

arthritis burden was contributed by individuals aged 35 to 64 years (NHS Health 

Scotland, 2017), however the prevalence of rheumatoid arthritis increases 

considerably with age (Scottish Public Health Network, 2012). 

 

Prevalence of foodborne illness among people with rheumatoid 

arthritis 

No data were available from Scotland regarding the prevalence of rheumatoid 

arthritis as an underlying condition among the five foodborne pathogens of interest. 

Of the 138 reviewed studies, eight included such data, six of which referred to 

listeriosis, and two referred to salmonellosis (Table 10). 
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Table 10. Prevalence of foodborne pathogens among people with rheumatoid arthritis in 

reviewed studies (n=8) (L. monocytogenes n=6; Salmonella n=2; Campylobacter n=0; E. coli 

n=0; norovirus n=0)  

Pathogen 
Prevalence data (percentage of cases that were 
reported to be among people with rheumatoid arthritis) 

L. monocytogenes 2% of cases in France had rheumatoid arthritis (Goulet et 
al., 2012) 
3 – 19% of cases in Australia had rheumatological 
conditions (Dalton et al., 2011; Leung et al., 2018) 
6% of cases in England received drugs for rheumatic 
diseases and gout (Mook et al., 2013) 
13% of cases in Finland had rheumatological conditions 
(Suominen et al., 2023) 
18% of cases in Germany had rheumatoid arthritis (Preußel 
et al., 2015) 

Salmonella Prevalence data not included in reviewed studies 

E. coli No data available 

Campylobacter No data available 

Norovirus No data available 

L. monocytogenes among people with rheumatoid arthritis 

No data were available from Scotland detailing the proportion of listeriosis cases with 

rheumatoid arthritis listed as an underlying condition or reported to be receiving 

medication for a rheumatological condition. Nevertheless, data were available from 

reviewed studies. As indicated in Table 10, prevalence of rheumatoid arthritis among 

cases of listeriosis ranged from 2% in France (Goulet et al., 2012) up to 19% in 

Australia (Leung et al., 2018). No further data regarding the proportion of 

hospitalisations or deaths were available and incidence rates were not presented. 

 

Salmonella among people with rheumatoid arthritis 

No data were available from Scotland detailing the proportion of salmonellosis cases 

with rheumatoid arthritis listed as an underlying condition or reported to be receiving 

medication for a rheumatological condition. A study detailing hospitalisations 

associated with salmonellosis among people aged ≥60 years in Canada reported 

that rheumatoid arthritis was one of four chronic underlying conditions among 60% of 

such hospitalisations (Turgeon et al., 2017). In a study by Cummings and colleagues 

regarding salmonellosis mortality in the US between 1990 and 2006, it was reported 

that 0.9% of Salmonella related deaths had rheumatoid arthritis listed as a comorbid 

condition, in comparison to 0.27% of matched control non-Salmonella related 

deaths, thus giving a matched OR of 3.43; (95% CI, 1.35–8.71) (Cummings et al., 

2010). 

 

E. coli, Campylobacter and Norovirus associated with rheumatoid arthritis 

Data detailing prevalence of rheumatoid arthritis among cases of E. coli, 

Campylobacter and norovirus were not available from Scotland or in the reviewed 

studies (n=138). 
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4.1.8. People with diabetes mellitus as a clinically vulnerable 

group 

 

Diabetes is a chronic inflammatory disease characterised by high blood glucose 

levels and the inability to produce or efficiently utilise insulin (Alberti & Zimmet, 

1998). The susceptibility of individuals with diabetes to infections has been well 

documented. Increased risk of lower respiratory tract infections, urinary tract 

infections, skin, and soft tissue infections in people with diabetes have been reported 

in several studies (Berbudi et al., 2020; Kornum et al., 2007). Diabetes is cited as a 

predisposing factor for listeriosis, salmonellosis, and other foodborne infections (Hu 

et al., 2013; Steinbrecher et al., 2023). Moreover, the outcome of infections is often 

more severe with poor treatment responses and slow recovery (Leibovici et al., 

1996). In individuals with diabetes, both innate (dysfunction of neutrophils and 

macrophages) and adaptive immune system cells (T-cells) dysfunction contribute to 

a weak immune response against invading pathogens.  

The mechanisms behind the impairment of the immune system in diabetes are multi-

layered and have been only partially elucidated. In diabetes, the immune system is 

impaired due to high glucose levels, and due to insulin deficiency (Chávez-Reyes et 

al., 2021). Hyperglycaemia in individuals with diabetes attenuates the effectiveness 

of white blood cells against pathogens (Tessaro et al., 2017). Suppression of 

cytokine secretion (IL-B1, IL-1, IL-6, IL-17A) by monocytes isolated from individuals 

with diabetes (Bradshaw et al., 2009), and by healthy-donor monocytes exposed to 

elevated glucose levels (Torres-Castro et al., 2016), has been shown in vitro. 

Suppression of cytokines impairs antibody production and T-cell development by the 

immune system (Tanaka et al., 2014), leading to a weak response against invading 

human pathogens due to hyperglycaemia (Spindler et al., 2016). Furthermore, the 

loss of IL-12, IFN-γ and TNF-α by T-cells has been reported (Price et al., 2010), 

indicating the impaired capacity of immune cells to control bacterial growth during 

infection (Tessaro et al., 2017), leading to diminished leukocyte activity. Thus, high 
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glucose levels lead to a slow and ineffective immune response. The impact of insulin 

deficiency on immune system activity against pathogens has not been widely 

studied. A lack of insulin has been shown to cause low TNF-α and IL-6, affecting 

leukocyte function against pathogens (Ferracini et al., 2010). Dysfunction of 

macrophages, neutrophils, and natural killer cells in diabetes have been reported 

(Berrou et al., 2013). 

Neuropathy in individuals with diabetes has been shown to affect the gastrointestinal 

tract, sensory innervation, and digestion among individuals with diabetes (Azpiroz & 

Malagelada, 2016). Due to nerve damage, sensory and reflex controls are impaired 

which causes disorders in gut motor function. Different neural pathways can be 

affected resulting in different clinical manifestations (Azpiroz & Malagelada, 2016). 

Inadequate stomach contractions and delayed emptying cause heartburn, nausea, 

and vomiting. In the intestine, impaired contractions may lead to diarrhoea, 

constipation, or distension. These disruptions to the functioning of the gut affect 

mucosal barriers and the gut microbiome, making individuals with diabetes more 

prone to pathogen penetration and infections with opportunistic pathogens (Bielka et 

al., 2022). In addition, mechanistic interactions between the microbiome and the host 

innate immune system have been shown to be mediated by TLR4-LPS signalling, 

pointing to disruption of the microbiome (Zheng et al., 2020). Since the gut 

microbiome regulates oxygen availability via butyrate production, thus protecting 

against the proliferation of pathogens such as E. coli and Salmonella spp. (Khan et 

al., 2021), its dysbiosis contributes to the additional layer of susceptibility to 

foodborne infections in individuals with diabetes. 

Gestational diabetes mellitus affects 5–10% of pregnancies worldwide and is 

associated with immune dysregulation caused by changes in maternal immune cell 

activity (McElwain et al., 2021). It increases systemic inflammation and insulin 

resistance, disrupting immune responses (Sifnaios et al., 2019). This reduces 

infection resistance in neonates (Wang & Xue, 2023) and poses a significant 

infection risk for pregnant individuals (Yefet et al., 2023). 

 

People with diabetes in Scotland 

The Scottish Diabetes Survey reported that there were 339,018 people with diabetes 

in Scotland at the end of 2022. This represents 6.2% of the Scottish population (NHS 

Scotland & Scottish Diabetes Data Group, 2023). Type 1 diabetes accounted for 

10.5% of all cases and type 2 diabetes accounted for 87.8% of all cases of diabetes 

in Scotland (NHS Scotland & Scottish Diabetes Data Group, 2023). Other forms of 

diabetes (e.g. gestational diabetes, latent autoimmune diabetes of adults, monogenic 

diabetes, maturity onset diabetes of the young, neonatal diabetes) are less common 

(1.7%) (NHS Scotland & Scottish Diabetes Data Group, 2023). It is estimated that a 

further 49,000 people have undiagnosed type 2 diabetes and that at least 620,000 

people in Scotland are at high risk of developing type 2 diabetes (NHS Research 

Scotland, 2023). By 2035, it is estimated that more than 480,000 people in Scotland 

will be living with diabetes (Diabetes UK, 2024). 
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Prevalence of foodborne illness among people with diabetes 

Data detailing the prevalence of diabetes among foodborne illness in Scotland were 

available for three of the five pathogens of interest, L. monocytogenes, Salmonella 

and Campylobacter (Table 2). A total of 20 studies from the 138 reviewed included 

such data, of which 19 included listeriosis (Table 11). 

Table 11. Prevalence of foodborne pathogens among people with diabetes in reviewed studies 

(n=20) (L. monocytogenes n=19; Salmonella n=1; Campylobacter n=0; E. coli n=0; norovirus 

n=0). 

Pathogen 
Prevalence data (percentage of cases that had diabetes 
listed as an underlying condition) 

L. monocytogenes 7 – 8% of cases in Italy (Gori et al., 2020) 
7 – 27% of cases in Germany (Koch & Stark, 2006; Preußel 
et al., 2015) 
8% of cases in Denmark (Gerner-Smidt et al., 2005) 
9% of CNS and 9% of bacteraemia cases in England and 
Wales (Gillespie et al., 2009) 
9% of cases in Australia (Dalton et al., 2011) 
10% of cases in the Netherlands (Doorduyn, de Jager, et al., 
2006) 
10 – 14% of cases in US (Bennion et al., 2008; Silk et al., 
2012; Tran et al., 2023) 
22% of cases in France (Charlier et al., 2017) 
29% of cases in Finland (Suominen et al., 2023) 

Salmonella Prevalence data not included in reviewed studies 

E. coli No data available 

Campylobacter No data available 

Norovirus No data available 

 

L. monocytogenes among people with diabetes 

Of the 166 listeriosis cases in Scotland between 2012 – 2022, 10% were among 

people with diabetes, it was further reported that 94% of which were aged >65 years 

(Public Health Scotland, no date). 

Reviewed studies indicated that of listeriosis cases, between 7% (in Italy (Gori et al., 

2020) and Germany (Koch & Stark, 2006)) and up to 29% in Finland (Suominen et 

al., 2023), were among people living with diabetes (Table 11). However, it must be 

noted that studies did not differentiate between type 1 and type 2 diabetes.  

One study reported that incidence was at a low rate of <0.5 cases per 100,000 

people, for individuals with type 2 diabetes (Goulet et al., 2012). A comparable 

incidence rate for people with type 1 diabetes was not available. As part of the 

review, it was found that some studies grouped diabetes with other conditions, for 

example, it was reported that 33% of listeriosis cases in Spain had diabetes mellitus, 

high blood pressure, or hyperlipidaemia listed as underlying conditions (Vallejo et al., 

2022). 
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Fatal outcomes occurred more frequently in hospitalised individuals with listeriosis 

and co-diagnosis of diabetes mellitus (adjusted RR: 1.33; 95% CI: 1.10-1.60) than 

those without diabetes (Herrador et al., 2019), 13% of listeriosis-related mortality had 

diabetes mellitus and/or high blood pressure (Vallejo et al., 2022). 

 

Salmonella among people with diabetes 

As indicated in Table 2, 5% of confirmed Salmonella cases between 2013-2017 in 

Scotland were reported to have diabetes listed as an underlying condition (Food 

Standards Scotland, 2020a). 

Only two of the reviewed studies referred to an association between diabetes and 

Salmonella. Data detailing the proportion of reported salmonellosis cases with 

diabetes were not available. However, Turgeon et al. (2017) reported that 19% of 

Salmonella hospitalisations among older adults in Canada had both cardiovascular 

disease and diabetes as underlying conditions and Cummings et al. (2010) reported 

that 8% of Salmonella-related deaths in US had diabetes. 

 

E. coli, Campylobacter and Norovirus among people with diabetes 

Although 7% of Campylobacter cases in Scotland were among people with diabetes, 

comparable data from the reviewed studies (n=138) were not available. Data 

detailing prevalence of diabetes among cases of E. coli and norovirus were not 

available from Scotland or in the reviewed studies (n=138). 

  



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 56 of 162 

4.1.9. People with inflammatory bowel disease as a clinically 

vulnerable group 

  

Crohn’s disease and ulcerative colitis (UC) are two types of Inflammatory Bowel 

Disease (IBD) characterised by chronic inflammation in the gastrointestinal (GI) tract 

(de Mattos et al., 2015). The disease is progressive over time, and inflammation 

causes damage to the GI lining (Marks et al., 2010). Crohn’s disease affects the 

ileum, close to the colon, and creates patches of damaged epithelium called 

cobblestones. Inflammation in Crohn's disease penetrates multiple layers of the 

intestine. In UC, the damage occurs starting in the rectum and spreading further into 

the colon. Inflammation is present in the innermost lining of the intestine (CDC, 2022; 

Marks et al., 2010). Although the causes of IBD are not well understood, it is 

accepted that the inflammation of the GI tract is caused by the immune system 

malfunctioning and incorrectly responding to environmental triggers, such as a virus 

or bacteria (Cobrin & Abreu, 2005). Gut T-cells in Crohn's disease react toward their 

own autologous flora (Neurath, 2004).  

IBD results in imbalances in the gut microbiota, potentially favouring the growth of 

harmful bacteria. This dysbiosis can make it easier for foodborne pathogens to 

establish themselves in the gut. The malfunctioning of the immune system, the 

damage of the epithelial lining, and microbiome dysbiosis in individuals with Crohn’s 

disease and UC create conditions for opportunistic and foodborne pathogens to 

invade (Qiu et al., 2022). 

The prevalence of either regulatory (eubiosis) or inflammatory (dysbiosis) species 

within the gut microbial community determines the respective predominant immune 

response in Crohn’s disease (Santana et al., 2022). Gut dysbiosis is linked to lower 

mucus thickness, decreased antimicrobial defence and butyrate and propionate 

production. Secretion of gut peptides by intestinal endocrine cells is decreased, and 

the lack of activation of PPAR-γ leads to higher oxygen availability for the microbiota 
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at the proximity of the mucosa and increases the proliferation of Enterobacteriaceae 

(Cani, 2018). The decrease in propionate also contributes to the lower level of 

mucosal T-cells. Additionally, microbiome dysbiosis induces a leakage of pathogen 

associated molecular patterns such as the LPS that trigger low-grade inflammation 

and can be detected in blood (Cani, 2018).  

In IBD, medical therapies that diminish the mucosal inflammatory response 

represent the foundation of treatment in IBD (Axelrad et al., 2016). The medications 

include steroids, monoclonal antibodies to IL-12/23 or integrin α4β7, 

immunomodulators, or combination therapies (Cushing & Higgins, 2021). The 

medications predispose individuals to infections, cancers associated with immune 

modulators and biologics, and toxicity to the liver and bone marrow (Cushing & 

Higgins, 2021). 

 

People with inflammatory bowel disease in Scotland 

It is reported that over half a million people in the UK are living with IBD, although 

this equates to 0.81% of the population, one in every 123 people are living with 

Crohn’s or colitis (Crohn’s & Colitis UK, 2022). In Scotland, there are over 50,000 

people living with Crohn's or colitis, which is one in every 103 people, which is the 

highest proportion of the population anywhere in the UK (Crohn's & Colitis UK, no 

date). It is also reported that occurrence of Crohn’s or colitis increases with age, with 

1 in every 67 for people aged over 70. The UK is second only to the US in terms of 

percentage of the population living with IBD, and this is anticipated to increase 

(Crohn’s & Colitis UK, 2022). 

 

Prevalence of foodborne illness and inflammatory bowel disease 

The review of 138 studies established that four studies included information 

regarding foodborne illness among people living with IBD, of these, three referred to 

listeriosis and one included campylobacteriosis (Table 12). 

Table 12. Prevalence of foodborne pathogens associated with people with IBD in reviewed 

studies (n=4) (L. monocytogenes n=3; Salmonella n=0; Campylobacter n=1; E. coli n=0; 

norovirus n=0). 

Pathogen 
Prevalence data (percentage of cases that were among 
people with IBD) 

L. monocytogenes 1% of cases in France had Crohn’s disease (Goulet et al., 
2012) 
3% of cases in Australia had IBD/irritable bowel disease 
(IBS)/Crohn’s disease (Dalton et al., 2011) 

Salmonella No data available 

E. coli No data available 

Campylobacter 5% of Campylobacter jejuni cases in the Netherlands had 
IBD, IBS or coeliac disease (Doorduyn et al., 2010) 

Norovirus No data available 
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L. monocytogenes among people with inflammatory bowel disease 

No data were available regarding prevalence of listeriosis among individuals with 

IBD as an underlying condition in Scotland. Two of the reviewed studies indicated 

that between 1 – 3% of listeriosis cases had IBD, IBS or Crohn’s disease as an 

underlying condition (Dalton et al., 2011; Goulet et al., 2012) (Table 12). A Canadian 

study reported that preexisting GI problems were much more common in individuals 

with listeriosis (66%) than in individuals with campylobacteriosis or salmonellosis (p= 

0.001). Of 15 case patients with listeriosis, 33% had IBD (Schlech et al., 2005).  

 

Campylobacter among people with inflammatory bowel disease 

No data were available regarding campylobacteriosis among individuals with IBD as 

an underlying condition in Scotland. Data from the Netherlands reported that 5% of 

C. jejuni infections were among individuals with IBD, IBS or coeliac disease 

(Doorduyn et al., 2010) 

  

Salmonella, E. coli, and norovirus among people with inflammatory 

bowel disease 

Data regarding prevalence of foodborne illness among people with IBD were not 

available in data obtained from Scotland or from the reviewed studies for cases of 

Salmonella, E. coli, and norovirus. 
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4.1.10. People with cancer as a clinically vulnerable group 

  

Cancer is a set of diseases that are characterised by growth of damaged cells that 

multiply instead of undergoing the cell death process (National Cancer Institute, 

2021). The cell growth deviates from the normal cell life cycle, and the host immune 

system cannot control it. These cells form tumours that can be benign or malignant 

and can spread to other tissues and systems in the body. The tumours can form 

anywhere in the body, making the disease organ-, or system-specific (Cooper, 2000). 

Approximately 40% of people will be diagnosed with cancer at some point during 

their lifetimes (Siegel et al., 2017). 

People living with cancer are at an increased risk of infection, including foodborne 

illness. In cancer, both the disease biology and the treatments against cancer cause 

changes in the immune system. Regulatory T-cells appear to play an important role 

in tolerance to tumour antigens, resistance of tumours to immune-mediated 

elimination, as well as general downregulation of immune responses to pathogens 

(Pardoll, 2015). Cell-mediated immune defects can be due to the basic disease like 

Hodgkin’s disease, T-cell lymphomas, leukaemia, B-cell defects in multiple myeloma 

and chronic lymphocytic leukaemia, or bone marrow transplants (Griggio et al., 2020; 

Ioannou et al., 2021). 

Chemotherapy in cancer has potent cytotoxic effects on both the innate and adaptive 

immune system. These impacts present an additional layer of damage to the host 

immune system which may have already been compromised by factors related to the 

biology of the disease. The therapy affects T-cells, monocytes/ macrophages, 

neutrophils, and the integrity of the gastrointestinal mucosa (Nesher & Rolston, 

2014). Individuals with cancer are therefore highly susceptible to almost any type of 

infection, especially bacterial and fungal. Furthermore, and importantly, all types of 

infections are associated with higher rates of morbidity and mortality in individuals 

undergoing cancer chemotherapy. Chemotherapy, targeted cell therapy, and some 
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radiations temporarily reduce the number of neutrophils in the blood and lead to 

higher infection risks during and after the therapy (Vento & Cainelli, 2003). Lower-

than-normal neutrophil levels, or neutropenia, predispose individuals receiving 

treatment to infections. Neutrophil counts lower than 0·5109/L for longer than 10 

days are viewed as a general threshold for more frequent and severe infections 

(Vento & Cainelli, 2003).  

Cancer immunotherapy is designed to alter the host immune response and increase 

efficacy of immune-mediated elimination of cancer cells. However, immunotherapy 

can lead to several immune-related adverse effects that alter the immune response 

to pathogens (Tanoue et al., 2019). Several types of therapies can be used including 

monoclonal antibodies, T-cell transfer therapy, immune system modulators, and 

immune checkpoint inhibitors (National Cancer Institute, 2019). Checkpoint inhibitors 

block receptors expressed on effector T-cells and bind to antigen-presenting cells 

(APCs). These checkpoint receptors (PD-1, CTLA-4) act as breaks in the immune 

response to balance and prevent an over-exuberant response, such as chronic 

inflammation (Morelli et al., 2022; Tanoue et al., 2019). The increased susceptibility 

to foodborne illness and severe illness can be temporary or long-term. Other co-

morbidities, chronic or acute conditions caused by cancer, and treatments contribute 

to the decreased ability of the immune system to mount the immune defence. For 

instance, poor nutrition, GI problems, and polypharmacy (the simultaneous use of 

multiple medicines by an individual for their conditions) not related to cancer 

treatment can lead to further vulnerability (Goede, 2023). 

 

People with cancer in Scotland 

Nearly 1 in 2 people born in the UK in 1961 will be diagnosed with some form of 

cancer during their lifetime (Cancer Research UK, 2024b). There were 35,379 new 

cancers registered in Scotland in 2021, with a reported rate of new cancers of 644 

per 100,000 population (Public Health Scotland & National Statistics, 2023b). The 

overall risk of developing cancer in 2021 was 30% higher in the most deprived areas 

compared with the least deprived areas of Scotland (Cancer Research UK, 2022). 

Incidence rates for cancer in the UK are highest in people aged 85 to 89, and 36% of 

all cancer cases in the UK are diagnosed in people aged ≥75 years (Cancer 

Research UK, 2024a). In Scotland during 2021, 77% of cancer diagnoses were in 

people aged ≥60 years (Public Health Scotland & National Statistics, 2023b). 

 

Prevalence of foodborne illness among people with cancer 

Twenty nine of the 138 reviewed studies provided information regarding the 

occurrence of foodborne illness among people with cancer. Of these, 27 included L. 

monocytogenes and two included Salmonella. Some of these studies provided data 

detailing prevalence among people with cancer receiving specific treatment (e.g. 

chemotherapy or radiation therapy), referred to specific types of cancer (e.g. solid 

cancer or haematological malignancy) or listed cancer as an underlying condition 

without specifying the cancer type of treatment (Table 13). 
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Table 13. Prevalence of foodborne pathogens among people with cancer in reviewed studies 

(n=29) (L. monocytogenes n=27; Salmonella n=2; Campylobacter n=0; E. coli n=0; norovirus 

n=0). 

Pathogen 
Prevalence data (percentage of cases that were reported 
to be cancer associated cases) 

L. monocytogenes Cancer associated cases: 
8% of cases in the Netherlands (Doorduyn, de Jager, et al., 
2006) 
13% of cases in Germany (Preußel et al., 2015) 
18 – 23% of cases in US (Silk et al., 2012; Silk et al., 2013; 
Tran et al., 2023) 
21% of cases in Finland listed cancer and leukaemia as 
underlying conditions (Suominen et al., 2023) 
25% of cases in Portugal (Magalhaes et al., 2014) 
23% of cases in Spain (Herrador et al., 2019) 
30 – 32% of cases in Italy (Gori et al., 2020) 
18 – 31% of cases in Australia (Dalton et al., 2011; Leung et 
al., 2018) 
 
Cancer treatment associated cases: 
5% of cases in Germany were radiation therapy (Preußel et 
al., 2015) 
7% of cases in England and Wales were prescribed 
cytotoxic drugs for cancer (Mook et al., 2013) 
13% of cases in Germany were receiving chemotherapy 
(Preußel et al., 2015) 
14% of cases in Australia were receiving chemotherapy 
and/or radiotherapy (Leung et al., 2018) 
15% of CNS and 15% bacteraemia cases in England and 
Wales were prescribed cytotoxic drugs for cancer (Gillespie 
et al., 2009) 

Salmonella Prevalence data not included in reviewed studies 

E. coli  No data available 

Campylobacter No data available 

Norovirus No data available 

 

 

L. monocytogenes among people with cancer 

Listeria surveillance data from Scotland indicated that 19% of the 166 cases of 

listeriosis (2012 – 2022) had malignancy listed as an underlying condition (Public 

Health Scotland, no date). 

Twenty-seven studies provided insight to the prevalence of listeriosis among people 

with cancer, as indicated in Table 13, studies indicated that between 8% of cases in 

the Netherlands (Doorduyn, de Jager, et al., 2006) and 32% of cases in Italy (Gori et 

al., 2020) were among people with cancer. 

Of the studies that included details regarding treatment among people with cancer, 

only one study listed radiation therapy, it was established that 5% of cases in 
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Germany were people receiving radiation therapy for cancer (Preußel et al., 2015). 

Leung et al. (2018) reported that 14% of all notifications in Australia were people 

receiving cancer drugs (radiotherapy and/or chemotherapy). Data from England and 

Wales indicated that 7% of listeriosis cases (Mook et al., 2013), 15% of central 

nervous system infections and 15% of bacteraemia cases were prescribed cytotoxic 

drugs for cancer (Gillespie et al., 2009). 

Some studies suggested that prevalence was higher among people with blood 

cancers than solid tumours, whereas others reported the opposite. For example, 

Guerrero et al. (2012) reported that 25% of listeriosis cases were among people with 

blood cancer and 13% had solid tumours, whereas Preußel et al. (2015) reported 

that 8% of cases had blood cancer and 15% had solid tumour cancer.  

In terms of case fatalities, 11% of listeriosis fatalities in the US listed cancer as an 

underlying cause (Bennion, 2008) whilst 45% of listeriosis fatalities in the UK had 

solid organ malignancies (Scobie 2019). The incidence rate of listeriosis among 

people with cancer was reported to be 3.75 per 100,000 people in France (Goulet et 

al., 2012). 

 

Salmonella among people with cancer 

Occurrence of Salmonella among people living with cancer or receiving treatment for 

cancer were not available in Scotland. Similarly, prevalence of Salmonella among 

people with cancer was seldom referred to in reviewed studies (Table 13).  

A Canadian study reported that among people aged ≥60 years, hospitalised with 

non-typhoidal Salmonella, 60% were also diagnosed with at least one of the four 

chronic diseases including cancer (Turgeon et al., 2017). A US study on 

salmonellosis hospitalisations between 2000 and 2011 reported that Lymphoma was 

associated with the greatest salmonellosis disease severity that can impair the 

immune system with an adjusted OR of 4.34 (95% CI = 1.39, 13.54) (Cummings et 

al., 2016).  

 

E. coli, Campylobacter, and norovirus among people with cancer 

Data detailing prevalence of E. coli, Campylobacter and norovirus were not available 

from Scotland or in the reviewed studies (n=138). 
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4.1.11. People with HIV/AIDS as a clinically vulnerable group 

 

HIV/AIDS infection causes profound defects in the immune system that lead to 

severe susceptibility to infection in people living with AIDS (Perelson, 1989). HIV 

infection leads to the depletion of CD4 T-cells, which leaves individuals mortally 

susceptible to opportunistic infections (Mishra et al., 2009). Structural and 

immunological changes occur at the mucosal surfaces from the very onset of HIV 

infection (Xu et al., 2013). The GI tract is a major site of HIV replication, resulting in 

major loss of CD4 T-cells during acute infection, and the loss of mucosal immunity 

over time. Additionally, the GI mucosa is infiltrated with cytotoxic CD8 T-cells 

leading to disruption of tight epithelial junctions making HIV a disease of the GI tract 

(George et al., 2005). 

 

People with HIV/AIDS in Scotland 

In 2022, an estimated 6,600 people were living with HIV in Scotland, of whom 6,150 

(93%) had been diagnosed. Of those engaged with HIV services, 98% were 

receiving antiretroviral therapy and, of those, 93% were recorded as having an 

undetectable viral load (Public Health Scotland, 2023). 

 

Prevalence of foodborne illness among people with HIV/AIDS 

A total of 10 studies included information regarding the proportion of foodborne 

cases that were among people with HIV/AIDS, eight of these studies included L. 

monocytogenes, whilst two included Salmonella. No data were available from 

Scotland in relation to foodborne illness prevalence among people living with 

HIV/AIDS. 
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Table 14. Prevalence of foodborne pathogens among people with HIV/AIDS in studies (n=10) 

(L. monocytogenes n=8; Salmonella n=2; Campylobacter n=0; E. coli n=0; norovirus n=0). 

Pathogen 
Prevalence data (percentage of cases that were among 
people with HIV/AIDS) 

L. monocytogenes 1% of cases in France (Goulet et al., 2012) 
2% of cases in Norway (Antal et al., 2007) 
2% of cases in Australia (Dalton et al., 2011) 
3% of cases in Spain (Herrador et al., 2019) 
6% of cases in US (Silk et al., 2013) 

Salmonella Prevalence data not included in reviewed studies 

E. coli No data available 

Campylobacter No data available 

Norovirus No data available 

L. monocytogenes among people with HIV/AIDS 

Data regarding prevalence of HIV/AIDS among cases of listeriosis were not available 

from Scotland. Of the 138 reviewed studies, as indicated in Table 14, eight included 

data regarding prevalence of listeriosis among people living with HIV/AIDS, the 

studies suggested that between 1% (Goulet et al., 2012) and 6% (Silk et al., 2013) of 

listeriosis cases had HIV/AIDS listed as an underlying condition. Incidence data were 

not available.  

Bennion et al. (2008) reported that listeriosis was positively associated with HIV 

infection (OR, 4.19; 95% confidence interval, 3.06–5.73), with 4.2% of listeriosis-

associated deaths having HIV as a comorbidity, whilst 1.1% of non–listeriosis-

associated deaths had HIV as a comorbidity. It was also reported that the frequency 

of HIV listed as a comorbidity among listeriosis-related deaths reduced from 5% 

between 1990 and 1995, to 3% by 2005 (Bennion et al., 2008).  

 

Salmonella among people with HIV/AIDS 

Data regarding prevalence of HIV/AIDS among cases of salmonellosis were not 

available from Scotland. Two of the reviewed studies included information regarding 

the association between Salmonella and HIV/AIDS. None of the studies provided 

data detailing the proportion of Salmonella cases that were among people with 

HIV/AIDS. However, the reviewed studies indicated that 12% of Salmonella 

hospitalisations in Spain over a ten-year period had HIV as an underlying condition 

(Prieto et al., 2009), and on the basis of matched case–control analysis, in the US, 

10% of Salmonella-related deaths were associated with HIV compared to 2% of non-

Salmonella-related deaths (Matched OR: 7.44 (95% CI 5.04–10.97) (Cummings et 

al., 2010). 

 

E. coli, Campylobacter, and norovirus among people with HIV/AIDS 

As with some of the other underlying conditions in this report, prevalence of 

HIV/AIDS among cases of E. coli, Campylobacter, and norovirus were not available 

in the reviewed studies (n=138) or in data obtained from Scotland. 
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4.1.12. People with alcohol use disorders as a clinically 

vulnerable group 

 

Terms such as 'alcoholic' and 'alcoholism', are not clinical terms and are associated 

with stigma and so should not be used. Terms such as 'person with alcohol use 

disorder ' should be used instead (Poorman et al., 2024). The National Institute on 

Alcohol Abuse and Alcoholism describe alcohol use disorder as a spectrum ranging 

from mild to severe (National Institute on Alcohol Abuse and Alcoholism, 2020) , with 

the amount alcohol only being one criterion for determining the severity of the 

disorder (Babor et al., 2001) 

Alcohol use disorder and excessive alcohol consumption cause a significant public 

health problem globally, with 2.5 million deaths related to alcohol abuse and 

comorbidities (World Health Organization, 2012). Alcohol remains one of the leading 

causes of disability and premature death in many regions (Murray & Lopez, 1997). 

Short and long-term exposure to alcohol can cause alcohol dependence and several 

liver diseases like cirrhosis, cancers, and organ damage, including the immune 

system. Alcohol use disorder affects both the innate and adaptive immune 

system (Sarkar et al., 2015). Even moderate alcohol consumption impacts the 

immune response, affecting the frequency, survival, and function of immune cells 

(Szabo & Saha, 2015). Production of smaller amounts of immune cells with impaired 

efficiency makes alcoholics immunosuppressed at the sub-clinical level, and more 

prone to contracting foodborne and other infections. 

The GI tract is the first point of contact for alcohol. Frequent consumption of alcohol 
affects the structure and integrity of the mucosa and further impairs T-cell mediated 
responses (Hammer et al., 2015).  

Damage to epithelial cells, the mucosal immune system, T-cells, and neutrophils in 

the GI system leads to disruption of the gut barrier function and facilitates leakage of 

pathogens into the circulation. The gut microbiome dysbiosis indirectly disrupts 



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 66 of 162 

maturation and function of the immune system (Hammer et al., 2015). Gut dysbiosis 

is linked to lower mucus thickness, decreased antimicrobial defence, butyrate and 

propionate production and a cascade of changes leading to an increased risk of 

Enterobacteriaceae proliferation and severe GI infections (see IBD section for 

details) (Cani, 2018).  

 

People with alcohol use disorders in Scotland 

The Scottish Health Survey reported that the prevalence of hazardous or harmful 

levels of weekly alcohol consumption have declined steadily since 2003, from 34% to 

23% in 2021. Prevalence of hazardous or harmful weekly alcohol consumption was 

twice as high for men (31%) as for women (16%), were highest among those aged 

between 45 and 74, and were more common in the least deprived areas (Scottish 

Government, 2022). Tools used to identify alcohol use disorders often do not specify 

the exact quantity of alcohol considered hazardous or harmful and take additional 

factors into account during the evaluation (Babor et al., 2001). 

The volume of pure alcohol sold per adult in Scotland in 2022 was 4% higher than in 

England and Wales (Ponce-Hardy & Giles, 2023). In 2022, there were 1,276 alcohol-

specific deaths and the rate of mortality was 22.9 deaths per 100,000 people. 

Alcohol-specific deaths were 4.3 times as high in the most deprived areas of 

Scotland compared to the least deprived areas. This compares to a ratio of 1.8 times 

for all causes of death (National Records of Scotland, 2023a). 

 

Prevalence of foodborne illness among people with alcohol use 

disorders  

A total of 11 studies included information regarding the percentage of foodborne 

illness cases that were associated with alcohol use disorders, 10 of which included 

listeriosis, one included salmonellosis. 

Table 15. Prevalence of foodborne pathogens associated with alcohol-related disorders in 

reviewed studies (n=11) (L. monocytogenes n=10; Salmonella n=1; Campylobacter n=0; E. coli 

n=0; norovirus n=0). 

Pathogen 
Prevalence data (percentage of cases that were related 
to alcohol use disorders) 

L. monocytogenes 4% of cases in Finland (Suominen et al., 2023) 
6% of cases in US (Silk et al., 2012; Silk et al., 2013) 
6% of cases in Norway (Antal et al., 2007) 
11% of cases in Denmark (Gerner-Smidt et al., 2005) 

Salmonella Prevalence data not included in reviewed studies. 

E. coli No data available 

Campylobacter No data available 

Norovirus No data available 
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L. monocytogenes among people with alcohol use disorders 

As indicated in Table 2, the data obtained from Scotland reported that 4% of the 

confirmed listeriosis cases between 2012 and 2022 had alcohol related conditions 

listed as an underlying condition (Public Health Scotland, no date). Likewise, as 

indicated in Table 15, the data extracted from reviewed studies suggested that 

between 4 – 11% of listeriosis cases had alcohol-related disorders, alcohol overuse, 

or alcoholism listed as an underlying condition (Antal et al., 2007; Gerner-Smidt et 

al., 2005; Silk et al., 2012; Silk et al., 2013; Suominen et al., 2023). Data from 

England and Wales indicated that 4% of listeriosis cases among those aged >60 

years had alcohol-related disorders as an underlying condition (Gillespie et al., 2006) 

Disease presentation data indicated that 4% of bacteraemia and 10% of central 

nervous system infection cases were alcohol-related (Gillespie et al., 2009). 

A US study on the risk factors for mortality among non-perinatal listeriosis patients 

reported that 28% of cases were among individuals with alcoholism (adjusted OR, 

4.63; 95% CI, 1.36-15.8) (Guevara et al., 2009), whilst a UK study on the mortality 

risk factors for listeriosis reported that 22% of listeriosis cases with alcohol listed as a 

comorbidity resulted in mortality (Scobie et al., 2019). Incidence rates for listeriosis 

among individuals with alcohol-related underlying conditions were not available. 

  

Salmonella among people with alcohol use disorders 

A breakdown of salmonellosis incidence data according to alcohol-related issues 

were not available from Scotland. The one study to include information regarding 

alcohol-related conditions reported that 3% of salmonellosis-related mortality in the 

US had alcohol and drug abuse listed as underlying conditions (Cummings et al., 

2010). 

 

E. coli, Campylobacter, and norovirus among people with alcohol use 

disorders 

Data regarding prevalence of alcohol-related conditions among cases of E. coli, 

Campylobacter, and norovirus were not available in data obtained from Scotland or 

the reviewed studies. 
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4.1.13. Transplant recipients as a clinically vulnerable group 

  

Individuals who have received transplants receive immunosuppressive agents to 

maintain graft function. These agents make organ transplant recipients prone to 

infections (Fishman, 2011). A variety of immunosuppressants are used, depending 

on organ and recipient characteristics. Common immunosuppressants include 

antibodies to cell surface antigens on lymphocytes, anti-interleukin 2 (IL-2) receptor 

antibodies, calcineurin inhibitors, lymphocyte proliferation inhibitors, glucocorticoids, 

and others (Tönshoff, 2020).  

Immunosuppression impacts both the innate and adaptive immunity. T-cells and B-

cells are depleted making the individuals more susceptible to viral and bacterial 

pathogens. The use of corticosteroids is also linked to a risk of fungal infections 

among organ transplant recipients (Seok et al., 2020). The level of 

immunosuppression among organ recipients depends on the type, duration, and 

intensity of immunosuppressive therapy (Pilch et al., 2021). Prior therapies (e.g., 

chemotherapy, antibiotics, etc.), and the level of neutropenia or lymphopenia impact 

the level of immune dysfunctions.  

Other, non-transplant related underlying conditions such as autoimmune disease, 

metabolic conditions, diabetes, malnutrition, alcohol use disorder, chronic viral 

infections, and age add an additional layer to the vulnerability of these individuals. 

 

Transplant recipients in Scotland 

During 2022/2023, 4,533 people received organ transplantation in the UK (Statistics 

and Clinical Research & NHS Blood and Transplant, 2023), 391 of which were in 

Scotland. The majority (60%) received kidney transplants (NHS Blood and 

Transplant, 2023). 
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Prevalence of foodborne illness among transplant recipients 

No data were available regarding prevalence of foodborne illness among transplant 

recipients (Table 2). From the reviewed studies, nine included data detailing 

prevalence of foodborne illness associated with transplantation, as indicated in Table 

16, seven of these related to listeriosis, one referred to Salmonella and one referred 

to Campylobacter. 

Table 16. Prevalence of foodborne pathogens associated with transplantation in reviewed 

studies (n=9) (L. monocytogenes n=7; Salmonella n=1; Campylobacter n=1; E. coli n=0; 

norovirus n=0). 

Pathogen 
Prevalence data (percentage of cases that were among 
people that had received a transplantation) 

L. monocytogenes 1% of cases in Finland had received a tissue transplant 
(Suominen et al., 2023) 
3% of cases in Australia had received a transplant (Dalton et 
al., 2011) 
4% of cases in Germany had received a solid organ 
transplantation (Preußel et al., 2015) 

Salmonella Prevalence data not included in reviewed studies 

E. coli No data captured 

Campylobacter Prevalence data not included in reviewed studies 

Norovirus No data captured 

 

L. monocytogenes among transplant recipients 

No data were available from Scotland detailing the proportion of listeriosis cases that 

were among people that had received transplants. The reviewed studies indicated 

that between 1 – 4% of listeriosis cases were among people that had undergone 

transplantation. It was determined that of listeriosis-associated deaths in the US, 

0.5% were reported to be among organ transplantation recipients (OR: 7.25, 95% CI, 

3.2-16.19) (Bennion et al., 2008) (Table 16). It was suggested that in comparison to 

other underlying conditions, the case fatality rate of listeriosis in France was lowest 

for organ recipients (6%) (Goulet et al., 2012). 

 

Salmonella among transplant recipients 

Information regarding the prevalence of transplant recipients among cases of 

Salmonella were not available from Scotland or in reviewed studies. However, a 

study regarding confirmed foodborne infections among solid organ transplant 

recipients reported that in a cohort of 4,405 recipients, 151 episodes of foodborne 

infections were reported, 10% of which were non-typhoidal Salmonella and the 

standardised incidence rate was 4.6 (95% confidence interval, 2.6-7.5) (van den 

Bogaart et al., 2022). 
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Campylobacter among transplant recipients 

Although data detailing the proportion of transplant recipients among Campylobacter 

cases in reviewed studies or in Scotland were not available, as with Salmonella, van 

den Bogaart et al. (2022) reported that of the 151 cases of foodborne illness among 

4,405 transplant recipients, 88% of these infections were Campylobacter spp., where 

the standardised incidence rate was 7.4 (95% CI, 6.2-8.7). 

 

E. coli and norovirus among transplant recipients 

Data regarding prevalence of E. coli or norovirus among people that had received a 

transplantation were not available in data obtained from Scotland or the reviewed 

studies. 
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4.1.14. Medications that create clinically vulnerable groups 

  

Data detailing prevalence of foodborne illness associated with specific medication for 

exact underlying conditions e.g. cancer treatment, rheumatoid arthritis, diabetes, and 

proton pump inhibitors have been discussed, however some data suggest that other 

medications such as antibiotics and corticosteroids are also associated with 

prevalence of foodborne illness. 

Antibiotics disrupt the gut microbiome and cause dysbiosis that leads to increased 

susceptibility to infections with opportunistic and antimicrobial-resistant foodborne 

pathogens. This gut microbiota dysbiosis (Neuman et al., 2018) results in a reduction 

in the diversity and abundance of gut microorganisms, changes in gene expression 

and protein activity, and compromises defences against invading harmful bacteria 

(Kesavelu & Jog, 2023). Antibiotic use also contributes to the emergence of 

antibiotic-resistant pathogens (Francino, 2015). 

Corticosteroids are extremely effective in the treatment of acute inflammation and 

chronic inflammatory diseases. Despite this, there are multiple serious adverse 

effects associated with corticosteroids including bone fractures, osteoporosis, 

hyperglycaemia, and susceptibility to infections (Manson et al., 2009). 

Corticosteroids suppress the immune system (Heming et al., 2018) by blocking some 

pro-inflammatory proteins like bioactive amines, lipid mediators, and cytokines (TNF-

α and IL-1) which leads to decreased capillary permeability (humoral response) and 

reduced leukocyte migration into inflamed tissues (Coutinho & Chapman, 2011). 

Because there is no vasodilation, the redness and pain which are the symptoms of 

infection, are masked (Heming et al., 2018). The use of glucocorticoids makes the 

individual susceptible to foodborne bacteria, viruses, and fungi (Reichardt et al., 

2021).  
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Antibiotic and corticosteroid use in Scotland 

It was reported that 23% of the Scottish population received at least one course of 

antibiotics during 2021. The total use of antibiotics across all settings was 19.0 

defined daily doses per 1,000 population per day. It is reported that 84% of antibiotic 

use occurred in the community setting rather than the hospital setting (ARHAI 

Scotland, 2022).  

Data regarding corticosteroid use in Scotland were not available. Historic UK data 

suggested that oral corticosteroids were being used by 0.9% of the total adult 

population and that the highest use was among people between 70 and 79 years of 

age (2.5%) (van Staa et al., 2000). 

 

Prevalence of foodborne illness associated with medications 

In the reviewed studies, it was discovered that medications that affect the immune 

response including cytotoxic drugs, corticosteroids and antibiotics are often grouped 

together, making individual comparisons challenging. Some simply stated that 

individuals had received immunosuppressive therapies and further information 

whether these were prescribed for cancer treatment or other underlying conditions 

were often not included. As indicated in Table 17, a total of 21 studies provided 

information regarding prevalence of foodborne illness among people taking specific 

medications, 17 of these referred to listeriosis, while three related to 

campylobacteriosis and one referred to salmonellosis.  
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Table 17. Prevalence of foodborne pathogens associated with medication in reviewed studies 

(n=21) (L. monocytogenes n=17; Salmonella n=1; Campylobacter n=3; E. coli n=0; norovirus 

n=0). 

Pathogen 
Prevalence data (percentage of cases that were among 
people that had received various medications) 

L. monocytogenes Steroid use: 
11% of cases in Spain associated with high-dose 
corticosteroid therapy (Guerrero et al., 2012) 
32% of cases in Australia had systemic steroids 4 weeks 
prior to notification (Leung et al., 2018) 
43% of cases in France had received corticosteroids or other 
immunosuppressive therapies in the 5 years prior to infection 
(Charlier et al., 2017) 
 
 
Immunosuppressive treatments: 
9% of cases in Germany received immune suppressive 
treatments (Koch & Stark, 2006) 
18 – 25% of cases in US had immunosuppressive therapy 
(including 
steroid treatment, chemotherapy, and radiation) (Silk et al., 
2012; Silk et al., 2013) 
29% of cases in Denmark had received immunosuppressive 
treatment (Gerner-Smidt et al., 2005) 
29% of cases in the Netherlands had received 
immunosuppressive therapy (Doorduyn, de Jager, et al., 
2006) 
40% of cases in Finland had immunosuppressive medication 
3 months prior to infection (Suominen et al., 2023) 
41% of cases in France had immunosuppressive treatment 
(Goulet et al., 2012) 
44% of cases in Germany received immunosuppressive 
therapy within 3 months prior to illness onset (Preußel et al., 
2015)  
50% of cases in Australia had antidiarrheals, antacids, and 
antibiotics in 4 weeks prior to notification (Leung et al., 2018) 

Salmonella 17% of Salmonella typhimurium DT104 and 7% of non-
DT104 infection cases took antibiotics in the 4 weeks prior to 
illness (Dore et al., 2004) 

E. coli No data captured 

Campylobacter Prevalence data not included in reviewed studies 

Norovirus No data captured 
 

 

L. monocytogenes associated with medications 

No data were available from Scotland detailing the proportion of listeriosis cases that 

were among people that had received antibiotics or corticosteroids.  

Of the reviewed studies, 17 presented data regarding listeriosis associated with 

medications (Table 17). In a review of medications most commonly taken by non-

pregnancy-related listeriosis patients in the UK prior to illness, Mook et al. (2013) 
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reported that the rates for cytotoxic drugs, drugs affecting the immune response and 

corticosteroids were significantly higher than for other medications. Treatment with 

antibiotics was reported to be significantly more common among individuals with 

listeriosis in Canada than in individuals with campylobacteriosis or salmonellosis 

(Schlech et al., 2005). It was reported that 23% of bacteraemia and 27% of central 

nervous system infections in England and Wales had received steroids, and 16 – 

17% had received immunosuppressive treatment (Gillespie et al., 2009). 

Medication known to suppress the immune response including antidiarrheals, 

antacids, and antibiotics were reported to be taken 4 weeks prior to 50% of listeriosis 

notifications and systemic steroids were reported to be taken during the 4 weeks 

prior to 32% listeriosis notifications in Australia (Leung et al., 2018). 

 

Salmonella associated with medications 

As indicated in Table 2, 10.5% of Salmonella cases in Scotland were prescribed an 

antibiotic in the 30 days preceding infection. One study from the 138 that were 

reviewed included data regarding prevalence of Salmonella associated with 

medication such as antibiotics. As indicated in Table 17, Dore et al. (2004) reported 

that 7 – 14% of Salmonella cases in Canada were associated with antibiotic use, 

indeed taking antibiotics in the 4 weeks before illness was a risk factor for 

Salmonella typhimurium DT104 in Canada. 

 

Campylobacter associated with medications 

It was established that 6% of Campylobacter cases in Scotland (Table 2) were 

prescribed an antibiotic in the 30 days preceding infection. Three of the reviewed 

studies reported on Campylobacteriosis associated with medication usage. Cribb et 

al. (2022) and Doorduyn et al. (2010) reported that recent antibiotic use was 

associated with reduced odds of campylobacteriosis while Fajó-Pascual et al. (2009) 

reported that previous antibiotic intake was associated with illness. 

 

E. coli and norovirus associated with medications 

Data regarding prevalence of E. coli and norovirus among people that had received 

medication such as antibiotics and steroids were not available in data obtained from 

Scotland or the reviewed studies. 
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4.1.15. Underlying conditions that create clinically vulnerable 

groups of the population 

L. monocytogenes and underlying conditions  

As indicated in Table 2, L. monocytogenes was most frequently included in reviewed 

studies, of the 138 studies, 58 included L. monocytogenes. The reviewed data 

suggests that underlying conditions are important in relation to the occurrence of 

listeriosis. For example, it was reported that the increased incidence of listeriosis 

among individuals aged ≥60 years in England and Wales between 2001 and 2007 

occurred in those with underlying conditions such as cancer or other conditions 

whose treatment included acid-suppressing medication. Only 10% of bacteraemia 

and 26% of central nervous system cases did not have an underlying condition listed 

(Gillespie et al., 2009) and only 11% of individuals had no underlying condition 

(Gillespie et al., 2006). Indeed, Table 18 indicates that a similar trend is seen globally 

with most individuals with listeriosis reported to have ≥1 predisposing condition. The 

impact of an underlying condition was discussed by Guerrero et al. (2012) who 

reported that mortality varied according to the underlying condition, whereas all 

individuals with listeriosis without comorbidities survived infection. 

Goulet et al. (2012) calculated that the risk of listeriosis was significantly greater 

among those with underlying conditions, for example, when compared with persons 

<65 years old with no underlying conditions, those with underlying conditions such as 

chronic lymphocytic leukaemia had a >1000-fold increased risk of acquiring 

listeriosis. Those with other conditions such as liver cancer; myeloproliferative 

disorder; multiple myeloma; acute leukaemia; giant cell arteritis; dialysis; 

oesophageal, stomach, pancreas, lung, and brain cancer; cirrhosis; organ 

transplantation; and pregnancy had a 100–1000-fold increased risk of listeriosis 

(Goulet et al., 2012). 

It was also reported by Goulet et al. (2012) that clinically vulnerable groups whose 

underlying conditions were associated with the highest incidence of listeriosis 

accounted for 43% of cases and 55% of deaths, but only 1% of the total population, 

whereas groups with low incidence accounted for fewer cases (21%) and fewer 

deaths (21%), but represented 16% of the whole population. A meta-analysis on 

mortality risk factors for listeriosis reported that clinical predisposing factors included 

age ≥ 60 years, and predisposing comorbidities included non-haematological 

malignancies, alcoholism, chronic kidney disease, cardiovascular disease, 

and pulmonary disease (Huang et al., 2023). The authors are in agreement with 

Goulet et al. (2012) that the population considered not at risk of listeriosis are those 

with no underlying condition and aged <65 years. 
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Table 18. Proportion of listeriosis cases among individuals with underlying conditions. 

Country  Prevalence of underlying conditions among listeriosis patients 

Denmark 
33% of patients had ≥1 predisposing condition (Gerner-Smidt et al., 
2005) 
30% had no underlying disease (Gerner-Smidt et al., 2005) 

England and 
Wales 

90% bacteraemia patients and 74% central nervous system patients 
had underlying conditions (Gillespie et al., 2009) 
11% of patients had no underlying condition (Gillespie et al., 2006) 

Finland 4% of patients had no underlying condition (Suominen et al., 2023) 

France 
65% of patients had an underlying disease (Goulet et al., 2012) 
73% of patients had an underlying risk factor (Goulet et al., 2006) 

Germany 14% of patients had no precondition (Preußel et al., 2015) 

Italy 
90 – 92% of patients had underlying medical risk conditions (Gori et 
al., 2020)  

Netherlands 
47 – 71% had ≥1 predisposing condition (Doorduyn, de Jager, et al., 
2006) 

Romania 45% of patients had underlying diseases (Caplan et al., 2014) 

Spain 

56% of hospitalised patients had underlying immuno-compromising 
conditions (Herrador et al., 2019) 
74% of patients had a chronic underlying disease (Guerrero et al., 
2012) 
26% of patients were adults without predisposing factors (Guerrero et 
al., 2012) 

Turkey 
89% had ≥1 underlying immuno-compromising condition (Yildiz et al., 
2007) 

United 
States 

41% of patients had existing health conditions or immunosuppression 
conditions (Barkley et al., 2016) 
74% of non-pregnant patients aged <65 years had an immuno-
compromising condition, most commonly immunosuppressive therapy 
or malignancy (Silk et al., 2013) 
70% of non-pregnancy-associated cases had ≥1 comorbid conditions 
recorded (Silk et al., 2012) 

 

Salmonella and underlying conditions 

Older adults in Denmark with Salmonella had higher co-morbidity than their matched 

reference persons (Gradel et al., 2008). Cummings et al. (2016) reported that among 

individuals with salmonellosis in the US, having two or more chronic conditions was 

associated with a longer duration of hospitalisation and a greater disease severity.  

Campylobacter and underlying conditions 

Mean age of those with a severe outcome was >20 years above the mean age for all 

Campylobacter cases (46.2 years), this may be attributed to the higher rates of 

underlying medical conditions among the older population. Over the 5-year period 

(2013-2017) there were 30,196 confirmed cases of Campylobacter in Scotland, 12 

cases died with Campylobacter enteritis their mean age was 75.5 years (Food 

Standards Scotland, 2020a, 2020b). Data from Denmark indicate that older adults 

with Campylobacter had higher co-morbidity than their matched reference persons 

(Gradel et al., 2008). 
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4.1.16. Summary of systematic review findings 

Table 19 below provides a comprehensive summary of the physiological reasons for 

increased susceptibility to foodborne illness among the selected clinically vulnerable 

groups and provides the range of prevalence for the five key pathogens of interest 

among the clinically vulnerable groups from the reviewed studies (n=138). 

The table indicates that breakdown of prevalence for all five pathogens is only 

available according to age group. As discussed elsewhere, data detailing prevalence 

among multiple clinically vulnerable groups are only available for L. monocytogenes, 

it is of interest that 49 of the reviewed studies reported that 65 – 76% of listeriosis 

cases were among older adults.  
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Table 19. Summary of physiological factors contributing to increased susceptibility to foodborne infections and prevalence ranges (%) of key pathogens among clinically vulnerable groups (n=138)clinically vulnerable group (n=138) 

(*denotes no data available). 
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Physiological reasons for increased susceptibility to foodborne infections 
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Pregnancy 
associated 
cases 

Pregnancy: Fully active and functional immune system at implantation, modulates as the foetus grows to protect the host 
and accommodate foetal development. Immune system in pregnancy is not muted. The response is pathogen specific. 
Intracellular pathogens like L. monocytogenes bypass antibodies in extracellular fluids and cross the placental barrier.  

Neonates: Non-specific cells such as monocytes/macrophages, neutrophils, and dendritic cells develop and mature at 
different times. Until ~2 months of age, macrophages can be supplemented by breast milk, but neutrophil production is too 
slow to fight off infections. Specialised cells are naïve and cannot recognise antigens, leading to late immune response. 

37 studies: 
3 – 23% 

* * * * 

Children aged 
<5 years 

Children aged ≥1 year experience limited immune system development, with a constrained ability to mount protective 
responses, leading to heightened susceptibility to infectious diseases. Immune system has limited cellular and humoral 
response. With age, the number of specialised cells increases, and they become more effective in producing antibodies. 
The maturation of immune system occurs in parallel with other environmental exposures that cumulatively shape a child’s 
immune response to foodborne pathogens.  

12 studies: 
4 – 18% 

34 studies: 
27 – 52% 

21 studies: 
23 - 40% 

22 studies: 
56 – 74% 

3 studies: 
11% 

Adults aged ≥65 
years 

Ageing leads to progressive deterioration of immune system. T-cells are highly proliferative with a lifespan of several 
decades, and most prone to ageing. Their production slows down with age causing the decline in IS function. 60 years of 
age and over is considered age of immune senescence.  

Chronic conditions like GI diseases, inflammatory diseases (diabetes, cancers, etc.), medication use (PPI, steroids, etc.) to 
treat chronic conditions increase with age leading to additional susceptibilities. Low gastric acid is not directly related to old 
age but related to medications used by an ageing population. 

49 studies: 
65 – 76% 

21 studies: 
9 – 17% 

11 studies: 
7 - 11% 

9 studies: 
3 – 14% 

2 studies: 
22% 

PPI use PPIs are a class of medications used to treat pathologies related to stomach acid production including indigestion, 
heartburn, acid reflux, and to prevent and treat stomach ulcers. While the acidic environment of the stomach serves as a 
chemical barrier against bacterial infection, PPIs prevent acid production, resulting in a decreased pH in the stomach which 
can lead to bacterial overgrowth, increased risk of bacterial aspiration, and changes in the gut microbiomes. 

5 studies: 
16 – 50% 

3 studies: 
9% 

* 
4 studies: 
8 – 13% 

* 

Rheumatoid 
Arthritis 

Immune system ages at an accelerated rate. T-cells undergo premature senescence and are reprogrammed to produce 
proinflammatory and tissue destructive responses leading to chronic immunological dysfunction. 

Rheumatoid arthritis therapy uses multiple immunosuppressive drugs (corticosteroids, TNF-α inhibitors, etc.) that 
modulates the immune system and makes individuals more susceptible to foodborne illness. 

6 studies: 
2 – 19% 

2 studies * * * * 

Diabetes High glucose and low insulin levels lead to changes in IS. Dysfunctions of both innate immunity (neutrophils and 
macrophages) and adaptive immunity (loss of cytokines, impaired antibody production by T-cells) contribute to weak 
immune response against foodborne pathogens. Autonomic neuropathy in diabetes affects upper and lower GI tract, 
causing heartburn, nausea, vomiting, diarrhoea, constipation, and bloating, all leading to disruption of mucosal barrier and 
immune system dysfunction. Microbiome dysbiosis contributes to susceptibility to foodborne infections. 

19 studies: 
7 – 29% 

* * * * 

IBD/IBS/Crohn's
/ coeliac disease 

Chronic inflammation in the GI tract leads to dysfunction of mucosal immunity affecting T-cells. Gut microbiome dysbiosis 
reduced the antimicrobial defences and makes the individual more susceptible to foodborne illness. 

3 studies: 
1 – 3% 

* * 
1 study: 

5% 
* 

Cancer  Disease biology causes immune system dysfunctions. T-cell responses are modified due to tumoral antigens. Basic 
diseases like Hodgkin’s, T-cell lymphomas, leukaemia, myeloma, and chronic lymphocytic leukaemia cause defects in cell-
mediated immunity. 

27 studies: 
8 – 31% 

* * * * 
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Clinically 
vulnerable 

groups 
Physiological reasons for increased susceptibility to foodborne infections 
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Cancer 
treatment 

Cancer treatments lead to immune system dysfunctions. Chemotherapy is cytotoxic affecting T-cells, monocytes/ 
macrophages, neutrophils, and GI mucosa. Chemotherapy, targeted cell therapy, and some types of radiation temporarily 
reduce the number of neutrophils in the blood leading to increased risks of foodborne infections. 

27 studies: 
5 – 14% 

* * * * 

HIV/AIDS HIV/AIDS causes severe immune defects. Infection causes major loss of CD4 T-cells. GI mucosa is infiltrated with cytotoxic 
CD8 T-cells leading to disruption of tight epithelial junctions and deterioration of mucosal immunity over time. Individuals 
with HIV/AIDS are extremely susceptible to foodborne infections. 

8 studies: 
1 – 6% 

* * * * 

Alcohol use 
disorder 

Alcohol consumption, even moderate, affects the frequency, survival, and function of immune cells. Smaller amounts of 
immune cells with impaired efficiency make alcoholics immunosuppressed at sub-clinical level, and more prone to 
contracting foodborne infections. Damage to mucosa further impairs T-cell mediated immune responses. 

Damage to GI epithelium leads to gut microbiome dysbiosis that reduces the antimicrobial defences and makes alcoholics 
more susceptible to foodborne infections. 

11 studies: 
4 – 11% 

* * * * 

Transplant Organ recipients receive immunosuppressive therapy to maintain graft function. The agents target various receptors on 
lymphocytes, inhibit immune cells, and lead to depletion of T-cells and B-cells, leading to severe dysfunction of both innate 
and adaptive immunity making organ transplant recipients prone to foodborne infections. 

7 studies: 
1 – 4% 

* * * * 

Antibiotic use Disrupt the gut microbiome and cause dysbiosis that leads to increased susceptibility to infections with opportunistic and 
foodborne pathogens.  

* 7 – 17% * * * 

Corticosteroids 
use 

Suppress immune system by producing anti-inflammatory proteins, and by inhibition of pro-inflammatory proteins. Reduce 
leukocyte migration into inflamed tissue. Mask infection symptoms. The use of glucocorticoids makes individuals 
susceptible to foodborne bacteria, viruses, and fungi.  

11 – 43% * * * * 
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4.2. Review of clinically vulnerable group definitions 

A total of 660 definitions relating to ‘clinically vulnerable groups’ and ‘at-risk 

populations’ were obtained and reviewed. These definitions came from 20 of the 36 

national and global food safety organisations that were identified by the research 

team. Examples of how clinically vulnerable groups were defined in some of the 

reviewed resources included: 

“Children under 5-years-old, pregnant women, the elderly, and people with weakened 
immune systems (like people with cancer or other diseases) have a higher risk of getting 
a bad Salmonella infection and can die if their symptoms are severe.” (U.S. Food and 
Drug Administration, 2024). 

“Listeriosis is rare but for pregnant women, the elderly and people with weak immune 
systems the illness can be serious and fatal Listeria may cause pregnant women to 
miscarry or the baby can be born prematurely or stillborn.” (Food Standards Australia 
New Zealand, 2024).  

“Young children, people aged 65 or over, and those whose immune systems are not 
working properly have a greater risk of becoming severely ill with food poisoning caused 
by salmonella.” (Food Standards Agency, 2023).  

“Raw milk remains an inherently risky product that poses particular dangers to specific 
groups of people – namely children, pregnant women, older people or those who are 
unwell or have chronic illness.” (Safefood, 2023). 

“Older adults, infants, and persons with weakened immune systems are more likely to 
develop a severe illness.” (U.S. Department of Agriculture Food Safety and Inspection 
Service, 2024). 

 

4.2.1. Sources of definitions for review  

A third of the definitions came from the US (n=217 definitions) (  
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Table 20), these included definitions from organisations including the Centers for 

Disease Control and Prevention (CDC), U.S. Food and Drug Administration (FDA), 

Food Safety and Inspection Service (FSIS), Center for Food Safety and Applied 

Nutrition (CFSAN), the Partnership for Food Safety Education (PFSE) and the U.S. 

Department of Agriculture (USDA). 

As also indicated in   
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Table 20, the two organisations that most frequently referred to clinically vulnerable 

groups in their resources were Health Canada and the Food Safety Authority of 

Ireland (FSAI). As part of the review, 98 definitions were obtained from the UK, of 

these, 35 came from Food Standards Scotland (FSS), others came from the 

Advisory Committee on the Microbiological Safety of Food (ACMSF) (n=31), the 

Food Standards Agency (FSA) (n=24), UK Health Security Agency (UKHSA) (n=5) 

and the Department for Environment, Food and Rural Affairs (DEFRA) (n=3). 

 

  



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 83 of 162 

Table 20. Details of countries and organisations where definitions were obtained from (n=660) 

Sources of definition n % 

Countries of origin 

 United States of America 217 33% 

 Ireland (ROI and NI) 123 19% 

 New Zealand & Australia 104 16% 

 United Kingdom 98 15% 

 Canada 89 13% 

 Global 29 4% 

Organisation 

 Health Canada 81 12.3% 

 Food Safety Authority of Ireland (FSAI) 72 10.9% 

 Centers for Disease Control and Prevention (CDC) 55 8.3% 

 Safefood 51 7.7% 

 New South Wales Food Authority 50 7.6% 

 Food Safety and Inspection Service (FSIS) 47 7.1% 

 Food Standards Australia New Zealand (FSANZ) 46 7.0% 

 U.S. Food and Drug Administration (FDA) 45 6.8% 

 Food Standards Scotland (FSS) 35 5.3% 

 Center for Food Safety and Applied Nutrition (CFSAN) 33 5.0% 

 
Advisory Committee on the Microbiological Safety of Food 
(ACMSF) 

31 4.7% 

 World Health Organization (WHO) 29 4.4% 

 The Partnership for Food Safety Education (PFSE) 28 4.2% 

 Food Standards Agency (FSA) 24 3.6% 

 Health Products and Food Branch 8 1.2% 

 U.S. Department of Agriculture (USDA) 8 1.2% 

 UK Health Security Agency (UKHSA) 5 0.8% 

 Ministry for Primary Industries (NSW) 5 0.8% 

 Department for Environment, Food and Rural Affairs (DEFRA) 3 0.5% 

 Department of Agriculture, Water, and the Environment 3 0.5% 

 International Food Protection Training Institute (IFPTI) 1 0.2% 

 

As indicated in Figure 2, 14% of the reviewed documents that defined clinically 

vulnerable groups did not have a publication or update date available. Of the 

remainder, 42% were published or updated in the previous 5 years, 291 of the 

definitions were in resources that were published up to 24 years ahead of the review. 
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Figure 2 Dates of publication/review (n=660). 

 

The most common types of resources that definitions were obtained from included 

consumer advice (32%), general information pages (29%) and reports (such as risk 

assessment) (27%). Other resources included guidance for industry, healthcare, or 

educational institutions (Table 21). 

Table 21. Types of resources definitions were obtained from (n=660). 

Resource type n % 

Consumer advice/information 213 32% 

General information 191 29% 

Report (Public health reports/Risk Assessment) 177 27% 

Guidance/information for industry (food manufacturing 
and food service) 

58 9% 

Guidance/information for healthcare 
(professionals/institutions/authorities) 

21 3% 

Guidance/information for education 
(schools/teachers/childcare) 

6 1% 

Policy document 6 1% 
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4.2.2. Inclusion of clinically vulnerable groups according to 

pathogens  

Of the 660 definitions relating to clinically vulnerable groups and at-risk populations 

that were reviewed, the pathogen most frequently referred to was L. monocytogenes, 

with 293 of the definitions (44%) specifically referring to the pathogen. As indicated in 

Table 22, 140 definitions (21%) referred to Salmonella, fewer referred to E. coli 

(n=90/14%), Campylobacter (n=60/9%) and norovirus (n=56/8%). One hundred and 

forty-nine of the resources that defined clinically vulnerable groups did so in relation 

to generic foodborne illnesses or referred to “food poisoning”.  

Table 22. Foodborne pathogens referred to in relation to clinically vulnerable groups (n=660) 

Pathogens Number of definitions % 

L. monocytogenes 293 44% 

Salmonella 140 21% 

E. coli 90 14% 

Campylobacter 60 9% 

Norovirus 56 8% 

Non-specific foodborne 
pathogens 

149 23% 

Among the groups defined as being clinically vulnerable, one or more of the groups 

collectively described as the YOPI fraction (young (0-5 years), older (65+ years), 

pregnant, and immunocompromised) (Denayer et al., 2017; Gray et al., 2024) were 

included in 100% of the definitions. 

As illustrated in   
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Table 23, older adults were most frequently referred to, which were included in 96% 

of the definitions. Nearly three-quarters (72%) of the definitions referred to people 

with weakened immune systems, 64% referred to pregnant individuals and/or their 

unborn children, 52% referred to children and 35% referred to neonates or 

newborns. Indeed, these groups do include persons that are often highly susceptible 

to infection and generally suffer much more serious illness than other members of 

the community. 
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Table 23. Groups acknowledged as being clinically vulnerable to foodborne pathogens in 

definitions (n=660). 

Clinically vulnerable groups 
Number of 
definitions 

% 

Older adults 633 96% 

General weakened immune system 472 72% 

Pregnant individuals/unborn infants 422 64% 

Children 345 52% 

Neonates / newly delivered infants 230 35% 

People with cancer (unspecified) 75 11% 

People with HIV/AIDS 71 11% 

People with diabetes 68 10% 

Other chronic conditions (e.g. cardiovascular, 
kidney, liver disease) 

66 10% 

Transplant recipients 54 8% 

People with cancer (immunosuppressive treatment) 39 6% 

Other medication related (e.g. steroids) 26 4% 

People with alcohol use disorder (incl. alcoholic 
liver disease) 

18 3% 

People prescribed proton-pump inhibitors 8 1% 

People with cancer (radiation therapy) 7 1% 

Individuals with IBD/IBS/Crohn’s  6 1% 

Other autoimmune diseases (e.g. lupus) 5 1% 

People with Multiple Sclerosis 1 0% 

People with Rheumatoid Arthritis 0 0% 

Eating disorders (malnourished) 0 0% 

Obesity 0 0% 

 

Further breakdown of the data as indicated in Table 24 and in Appendix 6 indicates 

that 40% of the definitions specifically referred to the risk of listeriosis among 

pregnant individuals (40%), older adults (37%) and those with weakened immune 

systems (34%). 
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Table 24 Definitions that referenced clinically vulnerable groups in relation to specific 

pathogens. 

Clinically vulnerable groups 
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Pregnant individuals/unborn 
infants 

90% 33% 27% 29% 11% 63% 

Older adults  83% 70% 79% 86% 29% 81% 

General weakened immune 
system 

77% 37% 49% 70% 30% 62% 

Neonates / newly delivered 
infants 

55% 17% 12% 29% 4% 15% 

People with cancer patients 
(unspecified) 

15% 8% 3% 9% 0% 9% 

HIV/AIDS 14% 13% 1% 7% 0% 11% 

People with diabetes 13% 7% 1% 4% 0% 13% 

Other chronic conditions (e.g. 
cardiovascular, kidney, liver 
disease) 

12% 7% 1% 3% 0% 12% 

Transplant recipients 11% 5% 2% 6% 0% 8% 

Children 8% 67% 90% 75% 27% 80% 

People with cancer 
(immunosuppressive treatment) 

8% 7% 2% 1% 0% 7% 

Other medication related 
vulnerabilities  

6% 3% 0% 0% 0% 3% 

Individuals with alcohol use 
disorder (incl. alcoholic liver 
disease) 

5% 0% 0% 0% 0% 3% 

People with IBD/IBS/Crohn’s  1% 0% 0% 0% 0% 1% 

People with cancer (radiation 
therapy) 

1% 0% 0% 0% 0% 3% 

Other autoimmune diseases 0% 0% 0% 1% 0% 2% 

People prescribed PPIs 0% 2% 0% 2% 0% 1% 

People with Multiple Sclerosis 0% 0% 0% 0% 0% 1% 

People with Rheumatoid 
Arthritis 

0% 0% 0% 0% 0% 0% 

Eating disorders (malnourished) 0% 0% 0% 0% 0% 0% 
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Older adults 

Older adults were the group most frequently referred to in relation to clinically 

vulnerable groups at risk of foodborne illness (96% of all definitions), furthermore, as 

indicated in Table 24, in relation to each of the five pathogens of interest, older adults 

were most frequently referred to in relation to Campylobacter (70%), Salmonella 

(86%) and non-specific foodborne pathogens (81%). Although 90% of sources 

referring to listeriosis referred to pregnant individuals and their unborn babies, 83% 

of definitions for clinically vulnerable groups relating to listeriosis referred to older 

adults.  

Various terms were used to refer to older adults including seniors, elderly, and 

ageing populations. Of the 559 definitions that referred to older adults, 25% referred 

to a specific age, as indicated in Figure 3, the most common age banding given for 

older adults was ≥65 years (70%), 18% referred to ≥60 years. 

 

 

Figure 3. Age groups given for older adults (n=141). 

 

Children 

Children were more commonly referred to in relation to E. coli (90%), Salmonella 

(75%), and non-specific foodborne illness (80%). Children were only referred to in 

8% of definitions relating to L. monocytogenes and 27% of definitions regarding 

norovirus. A total of 339 definitions referred to children, 32% of these specified an 

age. As indicated in Figure 4, the ages given varied, however the majority (80%) 

referred to children under the age of five years old. 
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Figure 4. Age groups given for children (n=110). 

 

4.2.3. Inclusion of information detailing why certain groups 

are clinically vulnerable to foodborne pathogens 

Most definitions were generic and referred to multiple groups. Six percent of 

definitions (n=41) were specifically targeting a defined clinically vulnerable group and 

8% of definitions (n=51) gave specific advice for different clinically vulnerable groups, 

such as specific food products that pregnant individuals should avoid. 

Of the 660 definitions reviewed, it was determined that 42% did not provide context 

as to why individuals are vulnerable or at increased risk of foodborne illness, 49% 

simply stated that it was ‘because of a weakened immune system’. Sixty-two 

definitions (9%) provided context, the majority of these referred to children, pregnant 

individuals, and people receiving chemotherapy treatment, for example: 

“Food poisoning can be especially severe for infants because their digestive and 
immune systems are immature.” (NSW Food Authority, No date). 

“Young children make less stomach acid that kills harmful bacteria, making it easier for 
them to get sick.” (U.S. Food and Drug Administration, 2022). 

“Your baby or toddler is at increased risk for foodborne illness. Young children do not 
have fully developed immune systems. They may be more likely to become ill, have 
serious complications and have a harder time getting well.” (Partnership for Food Safety 
Education, no date). 

“When you’re pregnant, hormonal changes in your body lower your immune system 
which can make it harder to fight off illness and infection.” (New South Wales Food 
Authority, No date). 

“You and your growing fetus are at high risk from some foodborne illnesses because 
during pregnancy your immune system is weakened, which makes it harder for your 
body to fight off harmful foodborne microorganisms Your unborn baby’s immune system 
is not developed enough to fight off harmful foodborne microorganisms. For both mother 
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and baby, foodborne illness can cause serious health problems — or even death.” 
(Center for Food Safety and Applied Nutrition, no date). 

"If you are a cancer patient, your healthcare provider may have recommended that you 
receive chemotherapy, radiation, or other treatments to help fight your disease. A 
weakened immune system can be a side effect of these types of therapies. A properly 
functioning immune system works to clear infection and other foreign agents from the 
body. However, cancer and its treatments can weaken your immune system, making 
you more susceptible to many types of infections." (U.S. Department of Agriculture Food 
Safety and Inspection Service, 2020). 

Very few described why older adults are at an increased risk of foodborne illness, for 

example: 

“Among the elderly, the risk increases as individuals age, i.e., as compared to healthy 
individuals 40 to 59 years of age, Canadian data show that persons aged 65 to 69 years 
of age have a 4-times increased risk, while those aged 75 to 79 years of age have nearly 
a 9-times increased risk (PHAC, 2009b).”  

Although these rare examples do provide some context, it is unclear to what extent 

consumers understand the details, and therefore, we believe this merits further 

exploration. 

Most definitions (64%) did not provide references or sources of information, 19% 

referred to previous research with references, the remainder referred to other 

information sources such as organisation landing pages. 
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4.3. Expert panel consultation regarding definition of 

clinically vulnerable groups 

 

During the three expert panel consultations with the twenty experts (details of which 

can be seen in Appendix 4), the expert panel congratulated Food Standards 

Scotland on taking the initiative to commission this much needed work. They 

expressed their enthusiasm in having the opportunity to participate in the 

consultation and discuss the findings. The expert panel agreed that the research 

report merits publication and encouraged the publication of detailed reports specific 

to some of the clinically vulnerable groups identified in the report, particularly ageing 

adults, and other less acknowledged groups such as PPI users and people with IBD. 

The expert panel commended the rigour and comprehensiveness of the research 

and highlighted the significance and impact of the findings. 

Several key themes arose from the discussions, these included considerations 

regarding neglected or emerging clinically vulnerable groups and recommendations 

for future surveillance, the roles and responsibilities of different stakeholders in 

communicating with clinically vulnerable groups, and recommendations for the 

future. 

 

4.3.1. Neglected clinically vulnerable groups 

The experts indicated several categories of vulnerable patients that could be 

considered in future definitions. Patients suffering from long COVID was indicated as 

an emerging vulnerable population, and future surveillance should consider this 

group. PPI users should be addressed as a clinically vulnerable group as there is 

compelling evidence of increased foodborne illness risks. PPI prevalence is 
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increasing in ageing adults, the experts considered if PPI users would consider 

themselves to be at risk. Furthermore, redefining the clinically vulnerable groups 

according to the specific medications, such as PPIs, immune suppressors, steroids, 

and others, rather than according to their age or conditions, was recommended as a 

more effective way of communicating to these groups. 

In general, the lack of data was acknowledged for most foodborne pathogens, 

except for L. monocytogenes. The need for improved surveillance and the necessity 

to collect more information about the underlying conditions and the medications from 

patients was highlighted. It was suggested that linking foodborne illness data with 

medical records would give much needed insights to better understand the 

vulnerabilities relative to general populations. 

More data is needed to better characterise the age groups both in the older adults 

and the children categories. The current cut-off ages remain a point of discussion 

among the experts. There was no consensus among the experts of specific age 

groups relating to children or ageing adults. However, it was acknowledged that 

current age groups reflect the categories that are used in epidemiological studies 

and/or retirement ages. 

A gradient of vulnerability was suggested to describe the age-dependent changes. 

Immunological variations are individual and determined by co-morbidity and the use 

of medication that modify the susceptibility to foodborne illnesses. 

The experts recommended future considerations of several sociodemographic and 

behavioural factors when developing future food safety definitions. 

Recommendations were also made for the research community to included low 

sociodemographic strata, ethnicity factors, immigrant and indigenous groups, and 

inclusion of developing regions in future reviews of prevalence data. 

It was acknowledged that to provide meaningful data for FSS, the research excluded 

data from developing countries, however it was recommended that undertaking a 

similar review in developing countries was suggested to give a comparison between 

developed and developing countries. The potential impact of malnutrition upon 

susceptibility to foodborne illness could be explored in this work. In the current 

review, prevalence of foodborne illness among malnourished individuals were not 

obtained. 

Experts acknowledged that all prevalence data that were associated with specific 

behavioural factors were excluded, however it was suggested that research is 

required to explore the potential impact of socio-economic and lifestyle factors upon 

the risk of foodborne illness. Food Standards Scotland have already recognised the 

importance of behavioural factors and with the Scottish Environment, Food and 

Agriculture Research Institutions, have funded a research fellowship to determine 

the lifestyle factors which cause particular members of the older population to 

become ill with foodborne disease (SEFARI, 2023). 

Several emerging pathogens were mentioned including Hepatitis E and Vibrio spp., 

that could be considered in future work regarding clinically vulnerable groups. 
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4.3.2. Communication to different stakeholders 

The experts agreed that different versions of communication about vulnerabilities are 

needed for different groups. The majority thought that definitions by pathogen may 

not be efficient and could introduce more confusion especially for the consumers. A 

tiered approach with the most detailed technical information for health professionals 

was suggested. 

While the experts highlighted the importance of understanding consumer 

perspectives, they thought that the simple summaries for the clinically vulnerable 

groups that emphasise the reasons for vulnerability and highlight the specific 

conditions and medications, rather than generalised information were thought to be 

more relatable to consumers and may potentially lead to improved food safety 

compliance. Explaining to the clinically vulnerable groups what the risks look like in 

practice, and clarifying that appropriate management of their conditions, such as 

diabetes and others, may lead to reducing their risk of foodborne infections. Offering 

alternative foods to high-risk options was recommended. 

Responsibility in conveying information to clinically vulnerable groups was further 

discussed, and healthcare providers were identified as important sources of any 

information about food safety risks due to medication use. The patients would benefit 

if their medical doctors, or specialists explained the risks from foodborne pathogen 

infection if they are prescribed PPIs, immune suppressants, or steroids for their 

conditions. 

The experts discussed the use of advanced and generative technology for food 

safety communication to clinically vulnerable groups and individuals. While they 

acknowledged technology may play an important role in the future, it was agreed that 

some clinically vulnerable groups remain reliant or simply prefer printed materials 

and simple digital messaging.  

Timing of food safety messaging to clinically vulnerable groups was brought up by 

the experts as both a challenge and an opportunity. Vulnerable patients would 

benefit the most from timely information delivered while they are in contact with the 

healthcare providers who are addressing their health conditions. This may present 

as a difficulty due to multiple other communications that the patients receive to help 

them through the healing and health management process. The patients may be 

overloaded with information and not open to food safety messages. The high 

workload among healthcare providers was also acknowledged as a challenge to 

adding the responsibility for food safety communication to their schedules. A 

multidisciplinary approach in which multiple healthcare professionals (e.g., doctors, 

nurses, dietitians, pharmacists, etc.) share the responsibility in delivering the 

consistent food safety information to the patients would ensure the awareness of the 

risks among clinically vulnerable groups. 
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4.3.3. Considerations for future definitions 

During the expert panels, it was widely discussed that to enable a clear decision on 

the need for separate definitions for each of the pathogens of interest, there is a 

need for enhanced surveillance for Campylobacter, E. coli, Salmonella, and 

norovirus. It was suggested that there may be merit in having a distinct definition for 

listeriosis as more data are available in relation to prevalence of foodborne illness 

caused by L. monocytogenes among the clinically vulnerable groups. It was also 

suggested that having separate definitions per pathogen may be too confusing for 

consumers. For example, consumers may not need to know which foodborne 

pathogen they are at an increased risk of, they need to know that they are at an 

increased risk, the reasons why, and be aware of appropriate risk reducing 

behaviours. 
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4.4. Discussion groups with consumers to consider food 

safety messaging to clinically vulnerable groups 

  

As outlined in section 3.6, discussion groups were undertaken to explore preferred 

methods of communicating who the clinically vulnerable groups to foodborne illness 

are. The in-person discussion groups (n=6) were undertaken in various locations 

through Scotland with individuals over the age of 65 years and individuals who 

support people over the age of 65 years (n=50).  

 

4.4.1. Perceptions and preferences of different risk 

statements among people over the age of 65 years  

During the discussion groups, participants were presented with the three different 

risk statements regarding clinically vulnerable groups to listeriosis. These ranged 

from the shortest and the least complex statement which was a variation on the 

standard YOPI categories (Figure 5), an extended YOPI classification which defined 

specific chronic illnesses and treatments/medication identified in this report that 

result in reduced immune function (Figure 6) and a statement providing extended 

YOPI categories specifically defining why the listed groups are clinically vulnerable to 

foodborne illness which contained the most information (Figure 7). The statements 

were colour coded and presented to the participants in the ascending order of 

complexity.  
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Perceptions regarding the short risk statement  

The first statement reviewed during the 6 discussion groups was the variation on the 

standard YOPI categories (Figure 5). 

Some people are more vulnerable to listeria infections, including those over 65 
years of age, pregnant individuals and their unborn babies, babies less than 
one month old and people with weakened immune system. 

Figure 5. Pink risk statement (a variation on the standard YOPI categories) presented to the 

focus group. 

Although some participants liked the simplicity of the pink statement (Figure 5), the 

consensus among the groups was that the statement was “too generic” and did not 

provide sufficient information. Several participants suggested that the generality of it 

would result in it being disregarded. This can be illustrated by the comment made by 

a participant in group 3: 

“I feel I would disregard it… I think it’s because it’s so general. There’s so many things 
that they warn you about, it’s if you’re pregnant, if you’re over 65, and really, I would just 
look at that and think, “Oh yeah, just another one”.” (Group 3, Respondent 3) 

This is consistent with the opinions expressed by the experts during the three panel 

consultations who concluded that the risk statements that contain only generic 

information may not be relatable to the clinically vulnerable groups (section 4.3).  

 

Perceptions regarding the extended risk statement 

The second statement reviewed during the discussion groups was the extended 

YOPI classification which defined specific chronic illnesses and treatments, or 

medication identified in this report that result in reduced immune function (Figure 6). 

Some people are more vulnerable to listeria infections due to reduced immune 
function, these include: 

- Pregnant individuals and their unborn babies, and babies less than two 
months old.  

- People with chronic illnesses such as cancer, diabetes, inflammatory 
bowel disease, rheumatoid arthritis, or other autoimmune conditions. 

- People receiving treatment and medications such as chemotherapy, 
proton pump inhibitors and immunosuppressants.  

- People over 65 years of age. 

Figure 6. Blue risk statement (extended YOPI categories defining chronic illnesses and 

treatments that result in reduced immune function) presented to the focus group. 

In comparison to the pink statement (Figure 5), the blue statement was more widely 

discussed. Many preferred the inclusion of specific conditions and medications that 
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result in reduced immune function. Some suggested that this would catch their 

attention as is refers to specific conditions. 

“I would take far more attention of this because it mentions several things that are 
important to me. I’m on immunosuppressants. So, there are things there that trigger me 
so I would immediately read that with more interest and take more consideration of it.” 
(Group 3, Respondent 5). 

“And the list of all of the people who can be affected, detailed list, because I don’t think 
I would have associated diabetes when I read the first one and I have a friend with 
diabetes, and I definitely didn’t know that.” (Group 4, Respondent 5). 

However, several individuals suggested that they may not take notice and did not 

perceive themselves to be vulnerable, even though they had underlying conditions 

listed in the risk statement. This was often accompanied by the false sense of 

acquired immunity, or perceptions of invulnerability and optimistic bias. As previously 

discussed, such perceptions may undermine food safety messaging (Evans & 

Redmond, 2019) and future messaging needs to combat such perceptions. 

“Well, I’ve got diabetes Type 2, but it doesn’t worry me… Well, if you’ve eaten in some 
of the places in the world, I’ve eaten you become immune to these sorts of things.” 
(Group 1, Respondent 5). 

“I’m over 65. And I think you think, “Well I’m careful so it won’t happen to me. I wash my 
hands; I look after my food.” And that may be why, I don’t know, people over 65 maybe 
are more susceptible, like living on their own, having foods that have maybe got out of 
date because they can’t afford to, you know, buy things frequently or just because they 
don’t eat it fast enough. I don’t know if that’s what makes people over 65 more 
vulnerable.” (Group 3, Respondent 4).  

“Well, I tick a lot of those boxes. I didn’t realise that. Does it make me think that I am 
more susceptible? Well, I’m going to say no to that” (Group 5, Respondent 3).  

“…if somebody who’s diabetic, that’s a healthy diabetic, would read it and think, that’s 
rubbish I’m diabetic, I’m fine, so it’s not that easy. I know it’s not that easy, but I think 
that has to be addressed somewhere” (Group 6, Respondent 3).  

Although some participants acknowledged the need for more information regarding 

clinically vulnerable groups, they were concerned that the level of information in the 

blue statement would prevent people from engaging with it:  

“The blue statement tells it like it is. I find that that pink one is basically sugar-coating 
things, isn’t it, and people need to know this... I think between the two statements, one 
is shorter and easier to read, who is going to take the time to read the whole of the blue. 
So, it’s, there’s more information in the blue but many people get that, they won’t get 
past the first paragraph, and they will just go hmm and wander off.” (Group 5, 
Respondent 5). 

It was concluded that although the blue statement provided more information about 

who’s vulnerable, it did not make individuals over the age of 65 years, with listed 

underlying conditions believe that they were susceptible to foodborne illness.  

“It’s obviously got a lot more information there. I still don’t feel vulnerable.” (Group 6, 
Respondent 1).  

“Doesn’t make me feel more vulnerable either.” (Group 6, Respondent 2).  
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Perceptions regarding the descriptive risk statement 

The final risk statement that was discussed during the six discussion groups 

provided an the extended YOPI categories which specifically defined why the listed 

groups are clinically vulnerable to foodborne illness (Figure 7). 

Certain groups are more vulnerable to listeria infections: 
- Pregnant individuals, unborn, and newborn babies. During 

pregnancy, the immune system undergoes changes to support the 
foetus, allowing bacteria to bypass antibodies, cross the placenta and 
infect the baby. 

- People with chronic conditions. People with cancer, diabetes, 
inflammatory bowel disease, rheumatoid arthritis, or other autoimmune 
conditions have impaired white blood cell production making it harder to 
fight infections. 

- People receiving chemotherapy treatment and 
immunosuppressants. These treatments reduce the number of 
immune cells in the blood stream available to fight infection. 

- People using proton pump inhibitors. Proton pump inhibitors, used to 
treat heartburn block stomach acid production, which allows bacteria to 
grow and cause infections. 

- People over 65 years of age. Ageing weakens the immune system, 
leading to fewer antibodies and increased susceptibility to infections. In 
general, the greater the age the higher the susceptibility. Additionally, 
older adults often have more chronic conditions and need more 
medications, which further increases their susceptibility. 

Figure 7. Yellow risk statement (Extended YOPI categories defining why the listed groups are 

clinically vulnerable) presented to the focus group. 

Although some believed the description to be too long, others felt it to be important 

and informative. It was discussed that the visual presentation of the information (bold 

and bullet pointing) made the statement accessible and allowed for a quicker 

summary by the individuals who felt that the statement was too long: 

“Sorry, I fell asleep. It’s far too long.” (Group 2, Respondent 3).  

“I find it very interesting actually, very informative. What you’re saying is all these 
conditions have impaired white blood cell production, which I just find interesting finding 
out things like that.” (Group 3, Respondent 4). 

“I think it very much depends on the communication. I like the blue one because it’s 
quick and easy but it’s still comprehensive, and there is lots of things in it that I can go 
and look up. The yellow one is obviously much better but it’s longer and people do tend 
to have very short attention spans these days. So, you might not read it and then not go 
and investigate.” (Group 3, Respondent 5).  

“It’s comprehensive, isn’t it but you can pick it, it’s got the highlighted bits.” (Group 5, 
Respondent 3). 
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“So, you can look at the bullet points and say well, that doesn’t affect me, that would 

affect me… and then you don’t waste time reading all the bits that you don’t need, you 
know, and you just go straight to the one that you do.” (Group 5, Respondent 6). 

“I like it because it explains why these people are vulnerable.” (Group 2, Respondent 
unknown).  

Many of the participants expressed that they have related to the statement and were 

surprised to learn that they were at an increased risk of foodborne illness 

“So that’s new to me, a person over 65... I didn’t know that.” (Group 2, Respondent 4). 

“I didn’t know that. I knew that pregnant had to avoid soft cheese and all that sort of stuff 
because of listeria but I didn’t realise that people over 65 were more susceptible.” 
(Group 4, Respondent 5). 

“I fit three of those, and my husband and I between us fit four of those. I’m not pregnant. 
It’s the only one I’m excused from [laughter], but we fit four of those. Now whilst I know 
that he is more vulnerable, I’ve always assumed he’s vulnerable because he’s got 
cancer and he’s having ongoing treatment. I’ve never ever applied that to me, and I’ve 
got three things there that applies that to me. So perhaps I ought… I think information 
is power. If you don’t know something, you can never choose to take steps whereas if 
you do know something, you could either – react by ignoring it or you can act… you 
have a choice. Yes, you have a choice about how you deal with the situation, and I think, 
always think, knowledge is power. It does have a scary side, no question but that’s just 
what it is.” (Group 5, Respondent 3).  

“I have never thought I was vulnerable, but I think as you get older, you don’t really want 
to think you’re getting older. You still think you’ve still got that same constitution as you 
had when you were young but it will make me … because I’m a wee bit, let’s say, you 
know, I’m a bit kind of slapdash with things, that is, like, keeping temperature but it will 
make me think about it more carefully in future and I think that’s education, and I’m quite 
aware of the connection” (Group 5, Respondent 6). 

Many believed that the yellow and blue statements could be used depending on the 

audience and situation. Nevertheless, one participant did not believe the statements 

to be educational, with others disagreeing with the statement suggesting that the 

statement was educational and necessary: 

“Unfortunately, all I can see is that you’re going to scare people. Whatever you want to 
do, its scaring people, they’re just going to go, what?” (Group 5, Respondent 7). 

“It’s the education that’s necessary.” (Group 5, Respondent 6). 

 

4.4.2. Awareness of susceptibility to foodborne illnesses 

During the discussion groups, participants were asked about the susceptibility to 

foodborne infection and their immune systems. Many identified pregnant women and 

people receiving chemotherapy as being clinically vulnerable, however other groups 

were seldom acknowledged, many had not previously considered themselves as 

being susceptible and indicated that they weren’t aware that the immune system 

changes with age: 

“When you get older, your system doesn’t have the ability to fight illness as well as it 
used to. Not at the end of our 50’s, over 60, 65, 70, kind of just your body just… like 
cars aren’t made to last 70, 80, 90 years, our bodies start to run down and their ability 
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to fight, our immune system isn’t … no matter how well you eat, your immune system is 
not as rigorous as it was in your 20’s and 30’s.” (Group 2, Respondent 2). 

“I find that quite worrying, the new data statistic. I’ve never considered myself high risk. 
Well, maybe I am, I’ve just turned 70 so maybe I’m high risk.” (Group 2, Respondent 8). 

“I wasn’t consciously aware that your immune system declines with age. I know your 
whole body begins to collapse and different things, but I wasn’t particularly aware that 
the immune system specifically tended to decline with age.” (Group 3, Respondent 4). 

“I think, to be honest, the immune system is something we really don’t think about at all. 
Unless you have something specific. But, you know, for most people they’ll think of flus 
and colds and cuts and bruises but the last thing they’ll think about is the immune 
system. What surprised me with my learning is just how much our health is affected by 
our immune system. You know, I never knew that arthritis was an immune system thing, 
you know, until I got it. So, I think people are very unaware of what the immune system 
actually is or does.” (Group 3, Respondent 5).  

“Yeah, cos you’re getting older and it’s not just your immune system, your whole body 
is reducing to fight you know, it’s been fighting for in my case, 67 years, it’s been fighting 
and that’s a long time. So (referring to an illness when younger) for one day or two, it’s 
now three or four or more, so your immune system is tired, worn out.” (Group 4, 
Respondent 10). 

“I suppose the older you get you’re more vulnerable to everything so it’s just one of 
those things, I guess. It’s not something I’ve really thought about… To be honest I don’t 
feel vulnerable yet but then, yeah, first time I was aware of things when I was pregnant 
and things I would obviously be much more careful than... and with the grandchildren 
when they’ve been tiny, you’re obviously very careful. But I don’t feel vulnerable myself 
but whether that’s because you don’t like to admit that you’re getting older and of that 
generation, I don’t know.” (Group 6, Respondent 1).  

In relation to awareness of susceptibility, some discussions related to being in denial 

about ageing and not feeling vulnerable: 

“I think you’re aware that ageing, not just it weakens the immune system it weakens 
everything doesn’t it? It is denial... I’m not ready yet to accept that. Yeah. Denial.” (Group 
6, Respondent 1). 

“I was surprised when you said the percentage of people, older people, who are affected 
by Listeria, I don’t feel vulnerable either. ‘Cause I think I’m careful about what I eat.” 
(Group 6, Respondent 2). 

One participant indicated awareness due to underlying conditions: 

“No, mine isn’t (referring to their immune system). It’s the diabetes, I’m prone to 
infections, even a cat scratch takes ages to heal, I heal very slowly, I’ve lost two toes, I 
don’t want to lose anymore.” (Group 4, Respondent 2). 

 

4.4.3. Appropriate terminology  

During the discussion groups, many discussed the appropriate terminology to refer 

to people over the age of 65. Regarding the term “older adult”, some didn’t have an 

opinion on the term, whereas others felt that it wasn’t specific enough to identify the 

clinically vulnerable group. Many indicated that it was important the term used wasn’t 

patronising, in general people were happy with specifically referring to age. 
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“But ‘older adults’ is not specific enough. You’ve said, ‘Over 65’, why are we older 

adults? To be a 50-year-old is probably an older adult really.” (Group 1, Respondent 2). 

 “Older adults - somebody that’s older than yourself.” (Group 1, Respondent 5). 

“My mum was 93 when she died, but she wasn’t old.” (Group 1, Respondent 4). 

“If that’s what you’re including, people over 65, then it can say ‘People over 65’.” (Group 
1, Respondent 2).  

“And ‘pensioners’, people are getting their pensions at all different times now so you 
can’t say ‘pensioners’ because somebody may not have it yet or may not get it until 
they’re 70, so I think the 65 is fine.” (Group 4, Respondent 2).  

“It’s difficult. It’s an arbitrary number 65. Because there’s old, old 50-year-olds and 
there’s really young 90-year-olds. So, it’s where the individual fits.” (Group 5, 
Respondent 4).  

“I don’t want a patronising term. Drives me up the wall ‘Elderly’. ‘Older people’, well, 
how old? I mean, some people think they’re old and they’re 40. How do you define it? 
That’s a proper category (referring to people over 65).” (Group 5, Respondent 3). 

The participants acknowledged that it is important to recognise the differences 

among people over the age of 65, particularly the presence of other underlying 

conditions: 

“Because if you’re over 65, you know in your own life that you can’t quite do what you 
used to do necessarily. You know that things have changed but if you don’t have any 
other condition, then so what, I’m over 65. That doesn’t speak to me. And I actually don’t 
like it, as if all older people are the same. We’re not all the same.” (Group 2, Respondent 
7).  

With regards to clinically vulnerable groups, discussion regarding the use of 

appropriate terminology extended to the use of appropriate imagery to represent 

people over the age of 65. Indeed, a previous study with people receiving 

chemotherapy treatment has reported that pictures intended to exemplify people with 

cancer or receiving chemotherapy were particularly disliked by focus group 

participants because they wanted to relate to the images (Evans & Redmond, 2022). 

“I think the image of older people has changed a lot anyway. So, to come to that point 
about what are you going to represent older people with, you know, people with sticks 
or whatever, I think we have aged as a society much more kindly than we did fifty or 
sixty years ago. So, I think that image of how you’re going to represent older people has 
to reflect that.” (Group 1, Respondent 3). 

“The problem… Well, like we’ve been saying we all feel, you know, reasonably good for 
our ages, so if you put an 80-year-old up there doddering about and saying, “Be careful 
about your immune system,” you’d probably think, “That’s not me.” Whereas if you see 
someone like yourself… Because she looks great (referring to another participant) … 
And you think, “My gosh, my immune system – I am also vulnerable.” I think that would 
have more of an impact.” (Group 3, Respondent 3). 

“It’s not a flippant thing, it’s quite a serious issue. So yes, I think if you’re going to put 
photos and stuff in, they need to be relevant.” (Group 5, Respondent 3). 

Discussions also considered the opportunity for visual aids to enable people to 

recognise that they may be at an increased risk of foodborne illness due to age, 

medication or underlying condition. 
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4.4.4. Trusted sources of information  

The discussion groups also considered who would be trusted sources disseminating 

information regarding clinically vulnerable groups. Although there was some mistrust 

regarding the UK government, government departments such as Food Standards 

Scotland and the UK Food Standards Agency were generally trusted.  

“I certainly wouldn’t trust the British Government because they don’t know their arse 
from their elbow.” (Group 1, Respondent 5). 

“And I would probably trust the Food Agency." (Group 5, Respondent 3).  

Five of the six groups indicated that the National Health Service (NHS) would be a 

trusted source of information, however a few participants in one discussion group 

believed that the NHS was not the most trusted source of information, this was due 

to the publication of the infected blood inquiry report the week prior to the discussion 

group (Infected Blood Inquiry, 2024). Although the NHS was trusted overall, some 

felt that specific healthcare professionals were best placed as trusted advocates for 

communicating such information such as pharmacists.  

“I would to a certain extent trust the NHS.” (Group 1, Respondent 5). 

“I would think the medical profession.” (Group 2, Respondent 8). 

“Unfortunately, you can’t have the NHS doing it because of the inquiry that’s just going 
on… That they lied and lied and lied and lied and lied. You can’t have somebody sitting 
there saying, I’m from the NHS, I’m not decrying the NHS, but you can’t have somebody 
saying, I’m from the NHS and I’m telling you, that’s what they did to the blood scandal” 
(Group 5, Respondent 7). 

“Yes. I think quite often pharmacists will say to people, you know, “Why are you taking 

this?” or “Why have you been given this?” They’ve not got quite the same stake in it as 
the person who’s prescribing it, you know? And they know a lot about how drugs interact 
and that sort of thing.” (Group 3, Respondent 4). 

“I think the pharmacists have become since COVID so much more the first port of call 
for people that are unwell.” (Group 3, Respondent 3). 

Charities that support individuals with specific underlying conditions such as Cancer 

Research UK and Diabetes UK, were discussed as being trusted sources of 

information, particularly if they partnered with Food Standards Scotland or Food 

Standards Agency to communicate the risk of foodborne illness. Similarly, 

organisations that support people over the age of 65 would be trusted sources of 

information such as Age UK, Scottish Men's Sheds Association, University of the 

Third Age, and Scottish Women's Rural Institutes. 

Many participants indicated that they would be comfortable with accessing 

information online, but acknowledged the importance of source checking due to 

misinformation and conspiracy theorists: 

“I’m very sceptical about what’s on the internet because you have to check the source 
somehow and most of us don’t. So, it needs to be on the internet because that’s the go-
to, but it needs to be from a validated place, but I think television advertising, because 
most people have the television on, not everybody, but most people have it on, so it’s 
sort of campaign on the television maybe.” (Group 5, Respondent 3). 
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“You’ve lots of American conspiracy theories with all kinds of nonsense.” (Group 3, 

Respondent 4). 

“I think more and more people are going to be ignoring social media; it’s so packed with 
crap. Sorry, excuse my language.” (Group 3, Respondent 5). 

 

4.4.5. Summary of discussion groups 

Although the participants in the discussion groups were recruited as they were over 

the age of 65, many identified as belonging to some of the clinically vulnerable 

groups such as having diabetes, using a PPI or having rheumatoid arthritis. During 

the discussions, pregnant individuals were particularly identified as being clinically 

vulnerable to foodborne illness. Participants were generally unaware that they may 

be at an increased risk of foodborne illness due to age or underlying conditions, 

nevertheless, many were able to comprehend immune system modifications when 

given a rationale. Discussions indicated the need to enable people to self-identify if 

they are at increased risk of foodborne illness. Some people found it easier to accept 

vulnerability resulting from a medical conditions or medications, rather than age 

alone. Denial about ageing was also discussed.  

Many trusted sources of information were discussed, there are many opportunities 

for Food Standards Scotland to collaborate with NHS health professionals and other 

organisations and charities that provide advice, support or services for specific 

clinically vulnerable groups. 

Although these discussions provide insight into potential approaches to 

communicating who are the clinically vulnerable groups, there is also a need to 

obtain a deeper understanding regarding the factors that may result in people 

disregarding food safety messaging. Consequently, exploration of the SEFARI 

fellowship group discussions with people over the age of 65 and those who support 

them (n=130) will develop a Holistic Food Safety Behavioural Framework based on 

potential determinants of food safety risks, behaviours and vulnerabilities, (namely 

biological, physical, psychological, economic, and social dimensions) along with the 

constructs of the Health Belief Model (which considers perceived susceptibility, 

perceived severity, perceived benefits, perceived barriers, cues to action, and self-

efficacy) (Rosenstock, 1974). This will allow an in-depth exploration of the factors 

that influence food safety behaviours and obtain a better understanding of why food 

safety messaging may be discarded to refine food safety communication strategies. 
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5. Discussion 

To undertake a comprehensive review of the current definition of “clinically 

vulnerable groups”, this research has consolidated Scottish prevalence data to 

determine who are the clinically vulnerable groups in Scotland, with regards to 

foodborne illness. It was determined that despite people over the age of 65 years 

making up 20% of the population in Scotland, 68% of listeriosis, 31% of 

campylobacteriosis and 63% of norovirus cases were among older adults. Likewise, 

5% of the population consist of children under the age of five, however 14 – 20% of 

Salmonella, STEC and norovirus cases were among this age group. Data were only 

available regarding listeriosis for pregnancy, cancer and rheumatoid arthritis 

associated cases. Additionally, interesting findings were consolidated regarding 

prevalence of foodborne illness among people prescribed proton pump inhibitors, 

medication for diabetes, or antibiotics. To enable a better understanding of foodborne 

illness among these groups, advancements in surveillance methods would be 

required.  

By integrating the narrative review detailing the physiological reasoning of 

susceptibility with the systematic review of foodborne illness prevalence, we have 

provided an in-depth and comprehensive understanding of foodborne illness among 

clinically vulnerable groups in developed countries. In line with the data captured 

from Scotland, prevalence of pregnancy-associated foodborne illness, other than 

listeriosis, are seldom captured. Literature suggests that the immune system of a 

pregnant individual modulates to accommodate foetal development, and that 

immune response is pathogen specific, thus, the focus of capturing data on 

intracellular pathogens that can cross the placental barrier such as L. 

monocytogenes is justified. 

At either end of the ageing scale groups are prone to foodborne illness. For example, 

children have heightened susceptibility to foodborne illness due to limited immune 

system development, whilst among older adults, ageing leads to progressive 

deterioration of the immune system. However, among older adults, frequent 

presence of chronic conditions and the medications used to treat such conditions 

add additional layers of susceptibility. Data regarding prevalence of all five 

pathogens of interest were obtained for children and older adults. Differences in 

prevalence of various foodborne illnesses among children were observed in the 

reviewed studies.  

With regards to older adults, in Scotland, 68% of listeriosis cases were among 

people aged ≥65 years and 65 – 76% in reviewed studies. Prevalence of other 

foodborne illnesses among older adults were found to be higher in Scotland than in 

similar countries. For example, prevalence of campylobacteriosis was 23% in 

Scotland compared to 3 – 14% in similar countries. Likewise, in Scotland, 60% of 

norovirus infections were among older adults, while in similar countries prevalence 

ranged between 14 – 22%. Although trends in ageing across the UK nations suggest 

that Scotland has a higher median age (42 years) and a higher percentage of people 

aged ≥65 years (19.1%) than England (40 years, 18.4%) and Northern Ireland (38.9 

years, 16.6%) (Office for National Statistics, 2020); it is reported that 21.3% of the 
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population of the European Union was aged ≥65 years (Eurostat, 2024). Italy and 

Portugal were the European countries with the largest percentage of older adults, 

with 24% of the total population aged ≥65 years. Bulgaria, Czechia, and Finland had 

23%. Ireland, Iceland, Luxembourg, and Türkiye had the lowest percentage, with 

15.2 – 9.9% of their population in the ≥65 years age category (Eurostat, 2024). In the 

US, 16.8% of the population are aged ≥65 years (United States Census Bureau, 

2023), therefore high prevalence of Campylobacter and norovirus are unlikely to be 

as a direct result of variations in proportions of people aged ≥65 years in Scotland. It 

is not known if this is due to differences in surveillance systems, consequently this 

warrants further exploration in future.  

In this study, we have identified several clinically vulnerable groups and documented 

the physiological reasons that increase their susceptibility to foodborne illness. 

Although prevalence studies provided evidence of L. monocytogenes associated 

with such groups, there is a dearth of data detailing prevalence of Salmonella, E. 

coli, Campylobacter, and norovirus among several clinically vulnerable groups, other 

than children and older adults. 

Therefore, based on available data, we identified groups that should be 

acknowledged as being clinically vulnerable to foodborne illness, including PPI 

users, people with diabetes, rheumatoid arthritis, cancer, and IBD. Although the 

prevalence of some of these conditions may be relatively low, these groups are 

disproportionately affected by foodborne illness particularly listeriosis. 

The review of definitions used by other food safety organisations worldwide indicates 

that the YOPI (Young, Old, Pregnant, Immunocompromised) grouping is most 

frequently referred to. While some definitions acknowledge people with cancer as 

being susceptible, the groups disproportionately affected by listeriosis, such as PPI 

users, people with diabetes, people with rheumatoid arthritis, people with cancer, 

and people with IBD, are seldom mentioned in these definitions. 
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6. Recommendations 

The consolidated findings have been scrutinised during three expert panel 

consultations to consider clinically vulnerable groups; these discussions helped 

inform the recommendations arising from this report. Therefore, the key 

recommendations acknowledge that: 

• Ageing population needs to be broken down into categories according to 

conditions or medications. For example, GI conditions that require 

medications, chronic inflammatory diseases such as diabetes, cancers, and 

others. 

• We defined susceptibility to foodborne illness among PPI users and provided 

a summary of data that demonstrated high prevalence of foodborne illness 

among PPI users. Furthermore, we determined that PPI users are neglected 

as a clinically vulnerable group in global definitions. Consequently, due to this 

compelling evidence, we recommend that PPI users should be addressed as 

a vulnerable population due to the demonstrated risk of foodborne illness 

among this group. 

• From our research, most prevalence data linked to vulnerable populations 

comes from Listeria surveillance studies. Therefore, there is a lack of 

surveillance data to explore the merit of having pathogen-based definitions of 

clinically vulnerable groups, other than for Listeria. Future surveillance needs 

to capture data according to the clinically vulnerable groups to understand 

comorbidities for foodborne illness. 

• More information needs to be captured detailing underlying conditions in 

patients with foodborne illnesses. Furthermore, to enable understanding of 

multimorbidity contributions to the risk of foodborne illnesses, it is necessary 

to enhance coding protocols in healthcare. 

• Age cut-offs for young children and older adults are not solely based on 

immunological vulnerabilities, rather they reflect the period during the lifespan 

when an individual is more likely to develop certain comorbidities that would 

contribute to their susceptibility to foodborne illness. Due to high variability in 

individuals, and different perceptions among consumers, there is a need for 

further research to determine how cut-off age can be used most efficiently. 

Discussions with people aged ≥65 years established that grouped definitions 

(e.g. older adults) may result in consumer food safety messaging being 

ignored as the intended audience may not perceive that it is intended for 

them. 

• Targeted communication is required for each clinically vulnerable group. 

Different levels of messaging complexity are required for consumers and 

healthcare providers. Research is required to explore healthcare professional 

perceptions regarding their role of communicating food safety to clinically 

vulnerable groups. 

• While it was out of the scope of this review, we acknowledge that socio-

demographic and behavioural factors also contribute to the risk of foodborne 

illnesses, therefore we recommend that further research is required to explore 
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their contributions to susceptibility among clinically vulnerable groups. This 

may support further targeted communication approaches. 

• It is acknowledged that public health agencies in different countries post 

annual foodborne disease reports on their websites and may not necessarily 

publish or index in electronic databases, therefore such reports require 

researchers to access these individually and require prior knowledge of their 

availability and location as such report are omitted when undertaking a 

systematic search. Therefore, for maximum utility, we recommend that public 

health agencies or food safety organisations attempt to peer-review and 

publish their annual reports on foodborne disease prevalence.  

 

6.1. Future research recommendations 

As a result of this work, we have identified several knowledge gaps that warrant 

future research. Specifically, consumer perceptions regarding food safety messaging 

for clinically vulnerable groups remain poorly understood. To facilitate the 

development of effective consumer food safety communication, research should 

focus on elucidating their awareness of food safety risks, preferred level of detail, 

acceptability of content and layout of materials. Our research highlights that PPI 

users stand out as a group that has been neglected in food safety communication. 

Prioritising consumer food safety research on this group is recommended. 

Additionally, a better understanding of the ageing population is necessary for 

targeted food safety messaging. The ageing population comprises of multiple 

clinically vulnerable groups, based on multiple generations and various co-

morbidities, this also includes numerous behavioural and lifestyle factors. Further 

research should aim to discern the most appropriate categorisation for this diverse 

adult population, focusing on the consumer preference and perceptions. 

Furthermore, healthcare professionals and social care providers play a critical role in 

providing trusted information and support to patients. However, there is limited 

understanding of their perceptions, attitudes, and preparedness to offer food safety 

advice to vulnerable patients. To effectively leverage opportunities in healthcare for 

improving food safety and wellness among clinically vulnerable groups, more 

evidence is needed regarding existing food safety training and education 

mechanisms for healthcare professionals. Such data will enable the development of 

tailored communication strategies for healthcare professionals and care providers. 
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7. Conclusions 

This comprehensive review was undertaken on behalf of Food Standards Scotland 

to characterise clinically vulnerable groups in Scotland with respect to foodborne 

illness. By integrating physiological explanations with prevalence data, the study has 

successfully provided a comprehensive understanding of foodborne illness 

susceptibility among clinically vulnerable groups. 

It is evident from our research that there is no specific age at which susceptibility 

increases. Therefore, future definitions, research and education should not solely 

mention chronological age or a generic terminology for people with compromised 

immune function, but instead should refer to specific underlying conditions and 

medication use as identified in this report to ensure that information given to clinically 

vulnerable groups is comprehensive and relatable.  

Integrating the recommendations made in this report into future communication 

strategies will improve awareness among clinically vulnerable groups in Scotland of 

their susceptibility to better protect them from foodborne illnesses in the future. 
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8. Limitations 

It must be acknowledged that only published studies detailing laboratory confirmed 

cases are included in the reviewed data. It is suggested that actual incidence is likely 

to be higher due to under reporting.  

This report only includes annual reports for Scotland and the UK, annual reports 

from other countries were not included. We acknowledge that including national-level 

reports alongside peer-reviewed publications, is valuable and should be considered 

for future iterations of such analyses. Nevertheless, this report successfully identifies 

the clinically vulnerable groups in Scotland and provides a comparison with other 

countries.  

Although including the annual reports from other countries may allow for more 

precise comparison between pathogens and years during which the infections took 

place, they would not add any addition detail regarding the clinically vulnerable 

groups. Prevalence data associated with specific behaviours, socio-economic and 

lifestyle factors were beyond the scope of this study and are considered as part of 

the SEFARI Fellowship with Food Standards Scotland (SEFARI, 2023). 

  



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 111 of 162 

9. Acknowledgements 

The authors acknowledge the valuable involvement of Dr Florian Diekmann who was 

instrumental in supporting the development of search terms and creating the 

Covidence project to enable data extraction from the reviewed studies as detailed in 

Section 3.3. 

The authors also acknowledge the involvement of Alicyn Dickman and Alys Harrop 

who supported the research team with the extraction of data as detailed in Section 

3.4.  

We extend our gratitude to the expert panel members for their contributions in 

section 3.5, that significantly enhanced the quality and relevance of our findings. We 

also thank the peer reviewers for their thorough evaluations and constructive 

suggestions, which improved the clarity of this report. 

Acknowledgment is also extended to Mike Cutler and Zoe Berry for their invaluable 

assistance with financial management and administrative support for the project. 

All images used for decorative purposes in this report are all royalty-free and were 

obtained using the Cardiff Metropolitan University institutional license with Adobe 

Stock. 

 

 

  



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 112 of 162 

10. References 

FAO;, & WHO;. (2022). Listeria monocytogenes in ready-to-eat (RTE) foods: attribution, 
characterization and monitoring – Meeting report. Microbiological Risk Assessment 
Series No. 38. Rome. . https://doi.org/10.4060/cc2400en 

ACMSF. (2009). Advisory Committee on the Microbiological Safety of Food, Ad Hoc Group 
on Vulnerable Groups. Report on the Increased Incidence of Listeriosis in the UK 
Advises the Food Standards Agency on the Microbiological Safety.  

Adams, N. L., Byrne, L., Rose, T. C., Adak, G. K., Jenkins, C., Charlett, A., Violato, M., 
O'Brien, S. J., Whitehead, M. M., Barr, B., Taylor-Robinson, D. C., & Hawker, J. I. 
(2019). Influence of socio-economic status on Shiga toxin-producing Escherichia coli 
(STEC) infection incidence, risk factors and clinical features. Epidemiology and 
Infection, 147, 10. https://doi.org/10.1017/s0950268819000864  

Adams, N. L., Byrne, L., Smith, G. A., Elson, R., Harris, J. P., Salmon, R., Smith, R., O'Brien, 
S. J., Adak, G. K., & Jenkins, C. (2016). Shiga Toxin-Producing Escherichia coli 
O157, England and Wales, 1983-2012. Emerging Infectious Diseases, 22(4), 590-
597. https://doi.org/10.3201/eid2204.151485  

Ahmed, A., & Clarke, J. O. (2023). Proton Pump Inhibitors (PPI). StatPearls. NIH National 
Library of Medicine. https://www.ncbi.nlm.nih.gov/books/NBK557385/ 

Akil, L. (2021). Trends of Foodborne Diseases in Mississippi: Association with Racial and 
Economic Disparities. Diseases, 9(4), 10. https://doi.org/10.3390/diseases9040083  

Alberti, K. G., & Zimmet, P. Z. (1998). Definition, diagnosis and classification of diabetes 
mellitus and its complications. Part 1: diagnosis and classification of diabetes mellitus 
provisional report of a WHO consultation. Diabet Med, 15(7), 539-553. 
https://doi.org/10.1002/(sici)1096-9136(199807)15:7<539::aid-dia668>3.0.co;2-s  

Almeida, G. N., Gibbs, P. A., Hogg, T. A., & Teixeira, P. C. (2006). Listeriosis in Portugal: an 
existing but under reported infection. BMC Infectious Diseases, 6, 4. 
https://doi.org/10.1186/1471-2334-6-153  

Almutairi, K., Nossent, J., Preen, D., Keen, H., & Inderjeeth, C. (2021). The global 
prevalence of rheumatoid arthritis: a meta-analysis based on a systematic review. 
Rheumatol Int, 41(5), 863-877. https://doi.org/10.1007/s00296-020-04731-0  

American College of Rheumatology Subcommittee on Rheumatoid Arthritis Guidelines. 
(2002). Guidelines for the management of rheumatoid arthritis: 2002 Update. Arthritis 
& Rheumatism, 46(2), 328-346. https://doi.org/https://doi.org/10.1002/art.10148  

Antal, E.-A., Hogasen, H. R., Sandvik, L., & Maehlen, J. (2007). Listeriosis in Norway 1977-
2003. Scandinavian Journal of Infectious Diseases, 39(5), 398-404. 
https://doi.org/10.1080/00365540601087574  

Aouaj, Y., Spanjaard, L., van Leeuwen, N., & Dankert, J. (2002). Listeria monocytogenes 
meningitis: serotype distribution and patient characteristics in The Netherlands, 1976-
95. Epidemiol Infect, 128(3), 405-409. https://doi.org/10.1017/s0950268802006969  

ARHAI Scotland. (2022). Scottish One Health Antimicrobial Use and Antimicrobial 
Resistance in 2021. Annual Report. Retrieved 27th February from 
https://www.nss.nhs.scot/media/3394/sonaar-2021-report.pdf 

https://doi.org/10.4060/cc2400en
https://doi.org/10.1017/s0950268819000864
https://doi.org/10.3201/eid2204.151485
https://www.ncbi.nlm.nih.gov/books/NBK557385/
https://doi.org/10.3390/diseases9040083
https://doi.org/10.1002/(sici)1096-9136(199807)15:7
https://doi.org/10.1186/1471-2334-6-153
https://doi.org/10.1007/s00296-020-04731-0
https://doi.org/https:/doi.org/10.1002/art.10148
https://doi.org/10.1080/00365540601087574
https://doi.org/10.1017/s0950268802006969
https://www.nss.nhs.scot/media/3394/sonaar-2021-report.pdf


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 113 of 162 

Arksey, H., & O'Malley, L. (2005). Scoping studies: towards a methodological framework. 
International Journal of Social Research Methodology, 8(1), 19-32. 
https://doi.org/10.1080/1364557032000119616  

Armed Forces Health Surveillance, C. (2014). Incidence of Campylobacter infections among 
service members of the active and reserve components of the U.S. Armed Forces 
and among other beneficiaries of the Military Health System, 2000-2013. Msmr, 
21(12), 11-16; discussion 13. <Go to ISI>://MEDLINE:25555210  

Ashbolt, R., Givney, R., Gregory, J. E., Hall, G., Hundy, R., Kirk, M., McKay, I., Meuleners, L., 
Millard, G., Raupach, J., Roche, P., Prasopa-Plaizier, N., Sama, M. K., Stafford, R., 
Tomaska, N., Unicomb, L., Williams, C., & OzFoodNet Working, G. (2002). 
Enhancing foodborne disease surveillance across Australia in 2001: the OzFoodNet 
Working Group. Communicable diseases intelligence quarterly report, 26(3), 375-
406. <Go to ISI>://MEDLINE:12416702  

Awofisayo, A., Amar, C., Ruggles, R., Elson, R., Adak, G. K., Mook, P., & Grant, K. A. (2015). 
Pregnancy-associated listeriosis in England and Wales. Epidemiology and Infection, 
143(2), 249-256. https://doi.org/10.1017/s0950268814000594  

Axelrad, J. E., Lichtiger, S., & Yajnik, V. (2016). Inflammatory bowel disease and cancer: The 
role of inflammation, immunosuppression, and cancer treatment. World J 
Gastroenterol, 22(20), 4794-4801. https://doi.org/10.3748/wjg.v22.i20.4794  

Aznar-Lou, I., Reilev, M., Lødrup, A. B., Rubio-Valera, M., Haastrup, P. F., & Pottegård, A. 
(2019). Use of proton pump inhibitors among Danish children: A 16-year register-
based nationwide study. Basic Clin Pharmacol Toxicol, 124(6), 704-710. 
https://doi.org/10.1111/bcpt.13191  

Azpiroz, F., & Malagelada, C. (2016). Diabetic neuropathy in the gut: pathogenesis and 
diagnosis. Diabetologia, 59(3), 404-408. https://doi.org/10.1007/s00125-015-3831-1  

Babor, T. F., Higgins-Biddle, J. C., Saunders, J. B., & Monteiro, M. G. (2001). The Alcohol 
Use Disorders Identification Test Guidelines for Use in Primary Care. Second Edition. 
World Health Organization. Department of Mental Health and Substance 
Dependence. Retrieved 22nd November 2024 from 
https://assets.publishing.service.gov.uk/media/6357a7af8fa8f557d85b7c44/Alcohol-
use-disorders-identification-test-AUDIT_for-print.pdf 

Baillet, A., Gossec, L., Carmona, L., Wit, M., van Eijk-Hustings, Y., Bertheussen, H., Alison, 
K., Toft, M., Kouloumas, M., Ferreira, R. J., Oliver, S., Rubbert-Roth, A., van Assen, 
S., Dixon, W. G., Finckh, A., Zink, A., Kremer, J., Kvien, T. K., Nurmohamed, 
M.,…Dougados, M. (2016). Points to consider for reporting, screening for and 
preventing selected comorbidities in chronic inflammatory rheumatic diseases in daily 
practice: a EULAR initiative. Ann Rheum Dis, 75(6), 965-973. 
https://doi.org/10.1136/annrheumdis-2016-209233  

Baker, M. G., Sneyd, E., & Wilson, N. A. (2007). Is the major increase in notified 
campylobacteriosis in New Zealand real? Epidemiology and Infection, 135(1), 163-
170. https://doi.org/10.1017/s0950268806006583  

Bakshi, S., Paswan, V. K., Yadav, S. P., Bhinchhar, B. K., Kharkwal, S., Rose, H., Kanetkar, 
P., Kumar, V., Al-Zamani, Z. A. S., & Bunkar, D. S. (2023). A comprehensive review 
on infant formula: nutritional and functional constituents, recent trends in processing 

https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1017/s0950268814000594
https://doi.org/10.3748/wjg.v22.i20.4794
https://doi.org/10.1111/bcpt.13191
https://doi.org/10.1007/s00125-015-3831-1
https://assets.publishing.service.gov.uk/media/6357a7af8fa8f557d85b7c44/Alcohol-use-disorders-identification-test-AUDIT_for-print.pdf
https://assets.publishing.service.gov.uk/media/6357a7af8fa8f557d85b7c44/Alcohol-use-disorders-identification-test-AUDIT_for-print.pdf
https://doi.org/10.1136/annrheumdis-2016-209233
https://doi.org/10.1017/s0950268806006583


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 114 of 162 

and its impact on infants' gut microbiota. Front Nutr, 10, 1194679. 
https://doi.org/10.3389/fnut.2023.1194679  

Barkley, J., Julian, E., Viveiros, B., Gosciminski, M., & Bandy, U. (2016). Preventing 
Foodborne and Enteric Illnesses Among At-Risk Populations in the United States and 
Rhode Island. Rhode Island medical journal (2013), 99(11), 25-28. <Go to 
ISI>://MEDLINE:27801916  

Bennion, J. R., Sorvillo, F., Wise, M. E., Krishna, S., & Mascola, L. (2008). Decreasing 
listeriosis mortality in the United States, 1990-2005. Clinical Infectious Diseases, 
47(7), 867-874. https://doi.org/10.1086/591131  

Berbudi, A., Rahmadika, N., Tjahjadi, A. I., & Ruslami, R. (2020). Type 2 Diabetes and its 
Impact on the Immune System. Curr Diabetes Rev, 16(5), 442-449. 
https://doi.org/10.2174/1573399815666191024085838  

Berrou, J., Fougeray, S., Venot, M., Chardiny, V., Gautier, J. F., Dulphy, N., Toubert, A., & 
Peraldi, M. N. (2013). Natural killer cell function, an important target for infection and 
tumor protection, is impaired in type 2 diabetes. Plos One, 8(4), e62418. 
https://doi.org/10.1371/journal.pone.0062418  

Berzins, A., Brila, A., Magone, S., Perevoscikovs, J., & Korkeala, H. (2009). A 10-year 
retrospective study on listeriosis in Latvia, 1998-2007. Archiv Fur 
Lebensmittelhygiene, 60(5), 161-165. https://doi.org/10.2376/0003-925x-60-161  

Bhutto, A., & Morley, J. E. (2008). The clinical significance of gastrointestinal changes with 
aging. Curr Opin Clin Nutr Metab Care, 11(5), 651-660. 
https://doi.org/10.1097/MCO.0b013e32830b5d37  

Bielka, W., Przezak, A., & Pawlik, A. (2022). The Role of the Gut Microbiota in the 
Pathogenesis of Diabetes. Int J Mol Sci, 23(1). https://doi.org/10.3390/ijms23010480  

Blank, M.-L., & Parkin, L. (2017). National Study of Off-label Proton Pump Inhibitor Use 
Among New Zealand Infants in the First Year of Life (2005–2012). Journal of 
Pediatric Gastroenterology and Nutrition, 65(2), 179-184. 
https://doi.org/10.1097/mpg.0000000000001596  

Boore, A. L., Hoekstra, R. M., Iwamoto, M., Fields, P. I., Bishop, R. D., & Swerdlow, D. L. 
(2015). Salmonella enterica Infections in the United States and Assessment of 
Coefficients of Variation: A Novel Approach to Identify Epidemiologic Characteristics 
of Individual Serotypes, 1996-2011. PLoS ONE, 10(12), e0145416. 
https://doi.org/10.1371/journal.pone.0145416  

Bouwknegt, M., Pelt, W. v., Kubbinga, M. E., Weda, M., & Havelaar, A. H. (2014). Potential 
association between the recent increase in campylobacteriosis incidence in the 
Netherlands and proton-pump inhibitor use - an ecological study. Eurosurveillance, 
19(32), 20873. https://doi.org/10.2807/1560-7917.Es2014.19.32.20873  

Bradshaw, E. M., Raddassi, K., Elyaman, W., Orban, T., Gottlieb, P. A., Kent, S. C., & Hafler, 
D. A. (2009). Monocytes from patients with type 1 diabetes spontaneously secrete 
proinflammatory cytokines inducing Th17 cells. J Immunol, 183(7), 4432-4439. 
https://doi.org/10.4049/jimmunol.0900576  

British Society for Rheumatology, & Scottish Society for Rheumatology. (2018). 
Rheumatology in Scotland. The State of Play. 

https://doi.org/10.3389/fnut.2023.1194679
https://doi.org/10.1086/591131
https://doi.org/10.2174/1573399815666191024085838
https://doi.org/10.1371/journal.pone.0062418
https://doi.org/10.2376/0003-925x-60-161
https://doi.org/10.1097/MCO.0b013e32830b5d37
https://doi.org/10.3390/ijms23010480
https://doi.org/10.1097/mpg.0000000000001596
https://doi.org/10.1371/journal.pone.0145416
https://doi.org/10.2807/1560-7917.Es2014.19.32.20873
https://doi.org/10.4049/jimmunol.0900576


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 115 of 162 

https://www.rheumatology.org.uk/Portals/0/Documents/Policy/Reports/BSR_State_Of
_Play_Scotland_2018.pdf?ver=2019-03-11-094117-440 

Brodin, P., Jojic, V., Gao, T., Bhattacharya, S., Angel, Cesar J. L., Furman, D., Shen-Orr, S., 
Dekker, Cornelia L., Swan, Gary E., Butte, Atul J., Maecker, Holden T., & Davis, 
Mark M. (2015). Variation in the Human Immune System Is Largely Driven by Non-
Heritable Influences. Cell, 160(1), 37-47. https://doi.org/10.1016/j.cell.2014.12.020  

Brody, T. (2012). Chapter 27 - Mechanisms of Action, Part III – Immune Disorders. In T. 
Brody (Ed.), Clinical Trials (pp. 503-515). Academic Press. 
https://doi.org/https://doi.org/10.1016/B978-0-12-391911-3.00027-X  

Brownlie, S. (2023). Flags for diabetes from prescribing data in Campylobacter linkage 
dataset. Personal communication with Ellen Evans 3rd November.  

Brownlie, S. (2024). Flags for Rheumatoid Arthritis, Diabetes, IBD/IBS/Crohn's and Antibiotic 
use in Public Health Scotland data for L. monocytogenes between 2012 – 2022, and 
Salmonella between 2013 – 2017. Personal communication with Ellen Evans 8th 
March 2024.  

Bruyand, M., Mariani-Kurkdjian, P., Le Hello, S., King, L. A., Van Cauteren, D., Lefevre, S., 
Gouali, M., Jourdan-Da Silva, N., Mailles, A., Donguy, M. P., Loukiadis, E., Sergentet-
Thevenot, D., Loirat, C., Bonacorsi, S., Weill, F. X., De Valk, H., Djeddi, D. D., Allard, 
L., Roullaud, S.,…Reseau Francais Hosp, S. (2019). Paediatric haemolytic uraemic 
syndrome related to Shiga toxin-producing <i>Escherichia coli</i>, an overview of 10 
years of surveillance in France, 2007 to 2016. Eurosurveillance, 24(8), 35-43. 
https://doi.org/10.2807/1560-7917.Es.2019.24.8.1800068  

Cancer Research UK. (2022). Cancer in the UK: Deprivation and cancer inequalities in 
Scotland. https://www.cancerresearchuk.org/sites/default/files/cancer_in_the_uk_-
_deprivation_and_cancer_inequalities_in_scotland.pdf 

Cancer Research UK. (2024a). Cancer incidence statistics. 
https://www.cancerresearchuk.org/health-professional/cancer-
statistics/incidence#heading-Two 

Cancer Research UK. (2024b). Cancer risk statistics. 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/risk 

Cani, P. D. (2018). Human gut microbiome: hopes, threats and promises. Gut, 67(9), 1716-
1725. https://doi.org/10.1136/gutjnl-2018-316723  

Caplan, M., Pietzka, A., Popescu, G., Rafila, A., Ruppitsch, W., Stöger, A., Maria, B. A., 
Mateescu, A. L., Allerberger, F., Marutescu, L., & Huhulescu, S. (2014). 
Characterization of Romanian <i>Listeria monocytogenes</i> isolates from food and 
humans. Romanian Biotechnological Letters, 19(3), 9319-9329. <Go to 
ISI>://WOS:000338844400004  

Carr, E. J., Dooley, J., Garcia-Perez, J. E., Lagou, V., Lee, J. C., Wouters, C., Meyts, I., 
Goris, A., Boeckxstaens, G., Linterman, M. A., & Liston, A. (2016). The cellular 
composition of the human immune system isshaped by age and cohabitation. Nature 
Immunology, 17(4), 461-468. https://doi.org/10.1038/ni.3371  

CDC. (2022). What is IBD? Centers for Disease Control and Prevention. 
https://www.cdc.gov/ibd/what-is-

https://www.rheumatology.org.uk/Portals/0/Documents/Policy/Reports/BSR_State_Of_Play_Scotland_2018.pdf?ver=2019-03-11-094117-440
https://www.rheumatology.org.uk/Portals/0/Documents/Policy/Reports/BSR_State_Of_Play_Scotland_2018.pdf?ver=2019-03-11-094117-440
https://doi.org/10.1016/j.cell.2014.12.020
https://doi.org/https:/doi.org/10.1016/B978-0-12-391911-3.00027-X
https://doi.org/10.2807/1560-7917.Es.2019.24.8.1800068
https://www.cancerresearchuk.org/sites/default/files/cancer_in_the_uk_-_deprivation_and_cancer_inequalities_in_scotland.pdf
https://www.cancerresearchuk.org/sites/default/files/cancer_in_the_uk_-_deprivation_and_cancer_inequalities_in_scotland.pdf
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence#heading-Two
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence#heading-Two
https://www.cancerresearchuk.org/health-professional/cancer-statistics/risk
https://doi.org/10.1136/gutjnl-2018-316723
https://doi.org/10.1038/ni.3371
https://www.cdc.gov/ibd/what-is-IBD.htm#:~:text=The%20immune%20system%20responds%20incorrectly,develop%20this%20inappropriate%20immune%20response


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 116 of 162 

IBD.htm#:~:text=The%20immune%20system%20responds%20incorrectly,develop%
20this%20inappropriate%20immune%20response. 

Center for Food Safety and Applied Nutrition. ( no date). Food Safety At-A-Glance. How to 
Protect Yourself and Your Baby. Handout. Retrieved 1st February 2024 from 
https://www.fda.gov/media/76419/download 

Chaplin, D. D. (2010). Overview of the immune response. J Allergy Clin Immunol, 125(2 
Suppl 2), S3-23. https://doi.org/10.1016/j.jaci.2009.12.980  

Charlier, C., Perrodeau, E., Leclercq, A., Cazenave, B., Pilmis, B., Henry, B., Lopes, A., 
Maury, M. M., Moura, A., Goffinet, F., Dieye, H. B., Thouvenot, P., Ungeheuer, M. N., 
Tourdjman, M., Goulet, V., de Valk, H., Lortholary, O., Ravaud, P., Lecuit, M., & 
Monalisa Study, G. (2017). Clinical features and prognostic factors of listeriosis: the 
MONALISA national prospective cohort study. Lancet Infectious Diseases, 17(5), 
510-519. https://doi.org/10.1016/s1473-3099(16)30521-7  

Chávez-Reyes, J., Escárcega-González, C. E., Chavira-Suárez, E., León-Buitimea, A., 
Vázquez-León, P., Morones-Ramírez, J. R., Villalón, C. M., Quintanar-Stephano, A., 
& Marichal-Cancino, B. A. (2021). Susceptibility for Some Infectious Diseases in 
Patients With Diabetes: The Key Role of Glycemia. Front Public Health, 9, 559595. 
https://doi.org/10.3389/fpubh.2021.559595  

Chen, Y., Glass, K., Liu, B., Hope, K., & Kirk, M. (2016). Salmonella Infection in Middle-Aged 
and Older Adults: Incidence and Risk Factors from the 45 and Up Study. Foodborne 
Pathogens and Disease, 13(12), 689-694. <Go to ISI>://MEDLINE:27710034  

Children's Hospital of Philadelphia. (2019). Development of the Immune System. In. 

Cleary, E., Boudou, M., Garvey, P., Aiseadha, C. O., McKeown, P., O'Dwyer, J., & Hynds, P. 
(2021). Spatiotemporal Dynamics of Sporadic Shiga Toxin-Producing Escherichia coli 
Enteritis, Ireland, 2013-2017. Emerging Infectious Diseases, 27(9), 2421-2433. 
https://doi.org/10.3201/eid2709.204021  

Cobrin, G. M., & Abreu, M. T. (2005). Defects in mucosal immunity leading to Crohn's 
disease. Immunol Rev, 206, 277-295. https://doi.org/10.1111/j.0105-
2896.2005.00293.x  

Colarusso, G., Peruzy, M. F., Mazzone, P., Ambrosio, R. L., Pellicano, R., D'Argenzio, A., 
Anastasio, A., & Baldi, L. (2022). Surveillance of human cases of salmonellosis, 
campylobacteriosis, listeriosis, and hepatitis A in Campania (southern Italy): seven-
year monitoring (2013-2019). Pathogens (Basel, Switzerland), 12(1). 
https://doi.org/10.3390/pathogens12010048  

Collins, A., Weitkamp, J., & Wynn, J. L. (2018). Why are preterm newborns at increased risk 
of infection? Archives of Disease in Childhood, 103(Fetal and Neonatal Edition), 
F391-F394.  

Cooper, G. M. (2000). The Cell: A Molecular Approach. Sinauer Associates. 
https://www.ncbi.nlm.nih.gov/books/NBK9963/  

Coulter, I., Elfenbaum, P., Jain, S., & Jonas, W. (2016). SEaRCH™ expert panel process: 
streamlining the link between evidence and practice. BMC Res Notes, 9, 16. 
https://doi.org/10.1186/s13104-015-1802-8  

https://www.cdc.gov/ibd/what-is-IBD.htm#:~:text=The%20immune%20system%20responds%20incorrectly,develop%20this%20inappropriate%20immune%20response
https://www.cdc.gov/ibd/what-is-IBD.htm#:~:text=The%20immune%20system%20responds%20incorrectly,develop%20this%20inappropriate%20immune%20response
https://www.fda.gov/media/76419/download
https://doi.org/10.1016/j.jaci.2009.12.980
https://doi.org/10.1016/s1473-3099(16)30521-7
https://doi.org/10.3389/fpubh.2021.559595
https://doi.org/10.3201/eid2709.204021
https://doi.org/10.1111/j.0105-2896.2005.00293.x
https://doi.org/10.1111/j.0105-2896.2005.00293.x
https://doi.org/10.3390/pathogens12010048
https://www.ncbi.nlm.nih.gov/books/NBK9963/
https://doi.org/10.1186/s13104-015-1802-8


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 117 of 162 

Coutinho, A. E., & Chapman, K. E. (2011). The anti-inflammatory and immunosuppressive 
effects of glucocorticoids, recent developments and mechanistic insights. Mol Cell 
Endocrinol, 335(1), 2-13. https://doi.org/10.1016/j.mce.2010.04.005  

Cribb, D. M., Varrone, L., Wallace, R. L., McLure, A. T., Smith, J. J., Stafford, R. J., Bulach, 
D. M., Selvey, L. A., Firestone, S. M., French, N. P., Valcanis, M., Fearnley, E. J., 
Sloan-Gardner, T. S., Graham, T., Glass, K., & Kirk, M. D. (2022). Risk factors for 
campylobacteriosis in Australia: outcomes of a 2018-2019 case-control study. BMC 
Infectious Diseases, 22(1), 11. https://doi.org/10.1186/s12879-022-07553-6  

Crim, S. M., Iwamoto, M., Huang, J. Y., Griffin, P. M., Gilliss, D., Cronquist, A. B., Cartter, M., 
Tobin-D'Angelo, M., Blythe, D., Smith, K., Lathrop, S., Zansky, S., Cieslak, P. R., 
Dunn, J., Holt, K. G., Lance, S., Tauxe, R., & Henao, O. L. (2014). Incidence and 
trends of infection with pathogens transmitted commonly through food - foodborne 
diseases active surveillance network, 10 U.S. sites, 2006-2013. Morbidity and 
Mortality Weekly Report, 63(15), 328-332. <Go to ISI>://CABI:20143163495  

Crohn's & Colitis UK. (no date). Crohn's & Colitis UK in Scotland. 
https://crohnsandcolitis.org.uk/our-work/crohns-colitis-uk-in-your-area/scotland 

Crohn’s & Colitis UK. (2022). New research shows over 1 in 123 people in UK living with 
Crohn’s or Colitis. https://crohnsandcolitis.org.uk/news-stories/news-items/new-
research-shows-over-1-in-123-people-in-uk-living-with-crohn-s-or-colitis 

Cummings, P. L., Kuo, T., Javanbakht, M., Shafir, S., Wang, M., & Sorvillo, F. (2016). 
Salmonellosis Hospitalizations in the United States: Associated Chronic Conditions, 
Costs, and Hospital Outcomes, 2011, Trends 2000-2011. Foodborne Pathogens and 
Disease, 13(1), 40-48. https://doi.org/10.1089/fpd.2015.1969  

Cummings, P. L., Sorvillo, F., & Kuo, T. (2010). Salmonellosis-Related Mortality in the United 
States, 1990-2006. Foodborne Pathogens and Disease, 7(11), 1393-1399. 
https://doi.org/10.1089/fpd.2010.0588  

Cushing, K., & Higgins, P. D. R. (2021). Management of Crohn Disease: A Review. Jama, 
325(1), 69-80. https://doi.org/10.1001/jama.2020.18936  

Dalton, C. B., Merritt, T. D., Unicomb, L. E., Kirk, M. D., Stafford, R. J., Lalor, K., & 
OzFoodNet Working, G. (2011). A national case-control study of risk factors for 
listeriosis in Australia. Epidemiology and Infection, 139(3), 437-445. 
https://doi.org/10.1017/s0950268810000944  

De Jager, P. L., Hacohen, N., Mathis, D., Regev, A., Stranger, B. E., & Benoist, C. (2015). 
ImmVar project: Insights and design considerations for future studies of "healthy" 
immune variation. Semin Immunol, 27(1), 51-57. 
https://doi.org/10.1016/j.smim.2015.03.003  

de Mattos, B. R., Garcia, M. P., Nogueira, J. B., Paiatto, L. N., Albuquerque, C. G., Souza, C. 
L., Fernandes, L. G., Tamashiro, W. M., & Simioni, P. U. (2015). Inflammatory Bowel 
Disease: An Overview of Immune Mechanisms and Biological Treatments. Mediators 
Inflamm, 2015, 493012. https://doi.org/10.1155/2015/493012  

Denayer, S., Delbrassinne, L., Nia, Y., & Botteldoorn, N. (2017). Food-Borne Outbreak 
Investigation and Molecular Typing: High Diversity of Staphylococcus aureus Strains 
and Importance of Toxin Detection. Toxins (Basel), 9(12). 
https://doi.org/10.3390/toxins9120407  

https://doi.org/10.1016/j.mce.2010.04.005
https://doi.org/10.1186/s12879-022-07553-6
https://crohnsandcolitis.org.uk/our-work/crohns-colitis-uk-in-your-area/scotland
https://crohnsandcolitis.org.uk/news-stories/news-items/new-research-shows-over-1-in-123-people-in-uk-living-with-crohn-s-or-colitis
https://crohnsandcolitis.org.uk/news-stories/news-items/new-research-shows-over-1-in-123-people-in-uk-living-with-crohn-s-or-colitis
https://doi.org/10.1089/fpd.2015.1969
https://doi.org/10.1089/fpd.2010.0588
https://doi.org/10.1001/jama.2020.18936
https://doi.org/10.1017/s0950268810000944
https://doi.org/10.1016/j.smim.2015.03.003
https://doi.org/10.1155/2015/493012
https://doi.org/10.3390/toxins9120407


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 118 of 162 

Diabetes UK. (2024). Diabetes Care in SCotland. 
https://www.diabetes.org.uk/in_your_area/scotland/diabetes_in_your_area_scotland 

Doorduyn, Y., de Jager, C. M., van der Zwaluw, W. K., Wannet, W. J. B., van der Ende, A., 
Spanjaard, L., & van Duynhoven, Y. T. H. P. (2006). Invasive Listeria monocytogenes 
infections in the Netherlands, 1995-2003. European journal of clinical microbiology & 
infectious diseases : official publication of the European Society of Clinical 
Microbiology, 25(7), 433-442. https://doi.org/10.1007/s10096-006-0157-4  

Doorduyn, Y., Van Den Brandhof, W. E., Van Duynhoven, Y. T. H. P., Breukink, B. J., 
Wagenaar, J. A., & Van Pelt, W. (2010). Risk factors for indigenous Campylobacter 
jejuni and Campylobacter coli infections in The Netherlands: a case-control study. 
Epidemiology and Infection, 138(10), 1391-1404. 
https://doi.org/10.1017/s095026881000052x  

Doorduyn, Y., Van Den Brandhof, W. E., Van Duynhoven, Y. T. H. P., Wannet, W. J. B., & Van 
Pelt, W. (2006). Risk factors for Salmonella Enteritidis and Typhimurium (DT104 and 
non-DT104) infections in The Netherlands: predominant roles for raw eggs in 
Enteritidis and sandboxes in Typhimurium infections. Epidemiology and Infection, 
134(3), 617-626. https://doi.org/10.1017/s0950268805005406  

Dore, K., Buxton, J., Henry, B., Pollari, F., Middleton, D., Fyfe, M., Ahmed, R., Michel, P., 
King, A., Tinga, C., Wilson, J. B., & Multi-Provincial Salmonella Typhimurium Case-
Control Study Steering, C. (2004). Risk factors for Salmonella typhimurium DT104 
and non-DT104 infection: a Canadian multi-provincial case-control study. 
Epidemiology and Infection, 132(3), 485-493. <Go to ISI>://MEDLINE:15188717  

Dumic, I., Nordin, T., Jecmenica, M., Stojkovic Lalosevic, M., Milosavljevic, T., & Milovanovic, 
T. (2019). Gastrointestinal Tract Disorders in Older Age. Can J Gastroenterol 
Hepatol, 2019, 6757524. https://doi.org/10.1155/2019/6757524  

Duynhoven, Y. T. H. P. v., Jager, C. M. d., Heuvelink, A. E., Zwaluw, W. K. v. d., Maas, H. M. 
E., Pelt, W. v., & Wannet, W. J. B. (2002). Enhanced laboratory-based surveillance of 
Shiga-toxin-producing Escherichia coli O157 in The Netherlands. European Journal 
of Clinical Microbiology & Infectious Diseases, 21(7), 513-522. 
https://doi.org/10.1007/s10096-002-0756-7  

Entrican, G. (2002). Immune Regulation during Pregnancy and Host–Pathogen Interactions 
in Infectious Abortion. Journal of Comparative Pathology, 126(2), 79-94. 
https://doi.org/https://doi.org/10.1053/jcpa.2001.0539  

Eurostat. (2024). Proportion of population aged 65 and over. Retrieved 22nd July 2024 from 
https://ec.europa.eu/eurostat/databrowser/view/tps00028/default/table?lang=en&cate
gory=t_demo.t_demo_ind 

Evans, E., & Redmond, E. (2019). Older Adult Consumers' Attitudes and Perceptions of 
Risk, Control, and Responsibility for Food Safety in the Domestic Kitchen. Journal of 
Food Protection, 82(3), 371 - 378. https://jfoodprotection.org/doi/abs/10.4315/0362-
028X.JFP-18-357?journalCode=food  

Evans, E. W. (2024). SEFARI Fellowship with Food Standards Scotland explores the lifestyle 
factors of the older population and the potential association with foodborne disease in 
Scotland. Retrieved 15th May 2024 from https://sefari.scot/blog/2024/05/15/sefari-
fellowship-with-food-standards-scotland 

https://www.diabetes.org.uk/in_your_area/scotland/diabetes_in_your_area_scotland
https://doi.org/10.1007/s10096-006-0157-4
https://doi.org/10.1017/s095026881000052x
https://doi.org/10.1017/s0950268805005406
https://doi.org/10.1155/2019/6757524
https://doi.org/10.1007/s10096-002-0756-7
https://doi.org/https:/doi.org/10.1053/jcpa.2001.0539
https://ec.europa.eu/eurostat/databrowser/view/tps00028/default/table?lang=en&category=t_demo.t_demo_ind
https://ec.europa.eu/eurostat/databrowser/view/tps00028/default/table?lang=en&category=t_demo.t_demo_ind
https://jfoodprotection.org/doi/abs/10.4315/0362-028X.JFP-18-357?journalCode=food
https://jfoodprotection.org/doi/abs/10.4315/0362-028X.JFP-18-357?journalCode=food
https://sefari.scot/blog/2024/05/15/sefari-fellowship-with-food-standards-scotland
https://sefari.scot/blog/2024/05/15/sefari-fellowship-with-food-standards-scotland


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 119 of 162 

Evans, E. W., & Redmond, E. C. (2022). Assessing Existing Food Safety Resources with 
UK-Based Chemotherapy Patients and Family Caregivers for Future Learning 
Purposes. J. Food Prot., 85, 287–310.  

Fajó-Pascual, M., García, P. G., Arnuelos, J. A., & Biau, A. N. (2009). Risk factors for 
sporadic cases of <i>Campylobacter</i> infection in children. Gaceta Sanitaria, 
23(4), 326-329. https://doi.org/10.1016/j.gaceta.2008.10.009  

Farrell, B., Lass, E., Moayyedi, P., Ward, D., & Thompson, W. (2022). Reduce unnecessary 
use of proton pump inhibitors. BMJ, 379, e069211. https://doi.org/10.1136/bmj-2021-
069211  

Feldman, M., Cryer, B., McArthur, K. E., Huet, B. A., & Lee, E. (1996). Effects of aging and 
gastritis on gastric acid and pepsin secretion in humans: a prospective study. 
Gastroenterology, 110(4), 1043-1052. 
https://doi.org/10.1053/gast.1996.v110.pm8612992  

Ferracini, M., Martins, J. O., Campos, M. R., Anger, D. B., & Jancar, S. (2010). Impaired 
phagocytosis by alveolar macrophages from diabetic rats is related to the deficient 
coupling of LTs to the Fc gamma R signaling cascade. Mol Immunol, 47(11-12), 
1974-1980. https://doi.org/10.1016/j.molimm.2010.04.018  

Filipello, V., Amato, E., Gori, M., Huedo, P., Ciceri, G., Lomonaco, S., & Pontello, M. (2017). 
Epidemiology and Molecular Typing of Pregnancy-Associated Listeriosis Cases in 
Lombardy, Italy, over a 10-Year Period (2005-2014). Infectious diseases in obstetrics 
and gynecology, 2017, 6479121. https://doi.org/10.1155/2017/6479121  

Fishman, J. A. (2011). Infections in immunocompromised hosts and organ transplant 
recipients: essentials. Liver Transpl, 17 Suppl 3, S34-37. 
https://doi.org/10.1002/lt.22378  

Food Standards Agency. (2023). Salmonella: What salmonella is and how to reduce the risk 
of food poisoning. Retrieved 15th November 2023 from 
https://www.food.gov.uk/safety-hygiene/salmonella 

Food Standards Australia New Zealand. (2024). Listeria in food. Retrieved 22nd February 
2024 from https://www.foodstandards.gov.au/consumer/safety/foodborne-
illness/Listeria 

Food Standards Scotland. (2020a). Campylobacter: Estimating the burden of gastrointestinal 
infection in Scotland using data linkage. 
https://www.foodstandards.gov.scot/downloads/HPS_-
_Campylobacter_Data_Linkage_Report.pdf 

Food Standards Scotland. (2020b). Campylobacter: Estimating the healthcare cost of 
gastrointestinal infection in Scotland. Retrieved March 2020 from 
https://www.foodstandards.gov.scot/downloads/HPS_-_Campylobacter_-_costs.pdf 

Forgacs, I., & Loganayagam, A. (2008). Overprescribing proton pump inhibitors. BMJ, 
336(7634), 2-3. https://doi.org/10.1136/bmj.39406.449456.BE  

Francino, M. P. (2015). Antibiotics and the Human Gut Microbiome: Dysbioses and 
Accumulation of Resistances. Frontiers in microbiology, 6, 1543. 
https://doi.org/10.3389/fmicb.2015.01543  

https://doi.org/10.1016/j.gaceta.2008.10.009
https://doi.org/10.1136/bmj-2021-069211
https://doi.org/10.1136/bmj-2021-069211
https://doi.org/10.1053/gast.1996.v110.pm8612992
https://doi.org/10.1016/j.molimm.2010.04.018
https://doi.org/10.1155/2017/6479121
https://doi.org/10.1002/lt.22378
https://www.food.gov.uk/safety-hygiene/salmonella
https://www.foodstandards.gov.au/consumer/safety/foodborne-illness/Listeria
https://www.foodstandards.gov.au/consumer/safety/foodborne-illness/Listeria
https://www.foodstandards.gov.scot/downloads/HPS_-_Campylobacter_Data_Linkage_Report.pdf
https://www.foodstandards.gov.scot/downloads/HPS_-_Campylobacter_Data_Linkage_Report.pdf
https://www.foodstandards.gov.scot/downloads/HPS_-_Campylobacter_-_costs.pdf
https://doi.org/10.1136/bmj.39406.449456.BE
https://doi.org/10.3389/fmicb.2015.01543


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 120 of 162 

Frank, N. M., Lynch, K. F., Uusitalo, U., Yang, J., Lönnrot, M., Virtanen, S. M., Hyöty, H., 
Norris, J. M., Rewers, M., Bautista, K., Baxter, J., Felipe-Morales, D., Driscoll, K., 
Frohnert, B. I., Gallant, M., Gesualdo, P., Hoffman, M., Karban, R., Liu, E.,…for the, 
T. S. G. (2019). The relationship between breastfeeding and reported respiratory and 
gastrointestinal infection rates in young children. BMC Pediatrics, 19(1), 339. 
https://doi.org/10.1186/s12887-019-1693-2  

Fuhler, G. M. (2020). The immune system and microbiome in pregnancy. Best Pract Res 
Clin Gastroenterol, 44-45, 101671. https://doi.org/10.1016/j.bpg.2020.101671  

Gavazzi, G., Herrmann, F., & Krause, K. H. (2004). Aging and infectious diseases in the 
developing world. Clin Infect Dis, 39(1), 83-91. https://doi.org/10.1086/421559  

George, M. D., Reay, E., Sankaran, S., & Dandekar, S. (2005). Early antiretroviral therapy 
for simian immunodeficiency virus infection leads to mucosal CD4+ T-cell restoration 
and enhanced gene expression regulating mucosal repair and regeneration. J Virol, 
79(5), 2709-2719. https://doi.org/10.1128/jvi.79.5.2709-2719.2005  

Georgountzou, A., & Papadopoulos, N. G. (2017). Postnatal Innate Immune Development: 
From Birth to Adulthood [Review]. Frontiers in Immunology, 8. 
https://doi.org/10.3389/fimmu.2017.00957  

Gerner-Smidt, P., Ethelberg, S., Schiellerup, P., Christensen, J. J., Engberg, J., Fussing, V., 
Jensen, A., Jensen, C., Petersen, A. M., & Bruun, B. G. (2005). Invasive listeriosis in 
Denmark 1994-2003: a review of 299 cases with special emphasis on risk factors for 
mortality. Clinical Microbiology and Infection, 11(8), 618-624. 
https://doi.org/10.1111/j.1469-0691.2005.01171.x  

Giannella, R. A., Broitman, S. A., & Zamcheck, N. (1972). Gastric acid barrier to ingested 
microorganisms in man: studies in vivo and in vitro. Gut, 13(4), 251-256. 
https://doi.org/10.1136/gut.13.4.251  

Gillespie, I. A., McLauchlin, J., Grant, K. A., Little, C. L., Mithani, V., Penman, C., Lane, C., & 
Regan, M. (2006). Changing pattern of human listeriosis, England and Wales, 2001-
2004. Emerging Infectious Diseases, 12(9), 1361-1366. 
https://doi.org/10.3201/eid1209.051657  

Gillespie, I. A., McLauchlin, J., Little, C. L., Penman, C., Mook, P., Grant, K., & O'Brien, S. J. 
(2009). Disease Presentation in Relation to Infection Foci for Non-Pregnancy-
Associated Human Listeriosis in England and Wales, 2001 to 2007. Journal of 
Clinical Microbiology, 47(10), 3301-3307. https://doi.org/10.1128/jcm.00969-09  

Gillespie, I. A., Mook, P., Little, C. L., Grant, K. A., & McLauchlin, J. (2010). Human listeriosis 
in England, 2001-2007: association with neighbourhood deprivation. 
Eurosurveillance, 15(27), 7-16. <Go to ISI>://WOS:000280874600003  

Godman, B., Kurdi, A., McCabe, H., MacBride-Stewart, S., Leporowski, A., Hurding, S., 
Bennie, M., & Morton, A. (2018). Ongoing activities to influence the prescribing of 
proton pump inhibitors within the Scottish National Health Service: their effect and 
implications. Generics and Biosimilars Initiative Journal 7(4).  

Goede, V. (2023). Frailty and Cancer: Current Perspectives on Assessment and Monitoring. 
Clin Interv Aging, 18, 505-521. https://doi.org/10.2147/cia.s365494  

https://doi.org/10.1186/s12887-019-1693-2
https://doi.org/10.1016/j.bpg.2020.101671
https://doi.org/10.1086/421559
https://doi.org/10.1128/jvi.79.5.2709-2719.2005
https://doi.org/10.3389/fimmu.2017.00957
https://doi.org/10.1111/j.1469-0691.2005.01171.x
https://doi.org/10.1136/gut.13.4.251
https://doi.org/10.3201/eid1209.051657
https://doi.org/10.1128/jcm.00969-09
https://doi.org/10.2147/cia.s365494


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 121 of 162 

Gordat, K., Kosyra, M., & Sadkowska-Todys, M. (2021). Campylobacteriosis in Poland in 
2018-2019. Przeglad epidemiologiczny, 75(4), 656-664. 
https://doi.org/10.32394/pe.75.61  

Gori, M., Ciceri, G., Bianchi, S., Cereda, D., Senatore, S., Gramegna, M., Amendola, A., 
Pontello, M., & Tanzi, E. (2020). Laboratory-based surveillance of invasive listeriosis 
in Northern Italy over a fourteen-year period: epidemiological and clinical results. 
Journal of preventive medicine and hygiene, 61(2), E167-E172. 
https://doi.org/10.15167/2421-4248/jpmh2020.61.2.1473  

Goronzy, J. J., & Weyand, C. M. (2013). Understanding immunosenescence to improve 
responses to vaccines. Nature Immunology, 14(5), 428-436. 
https://doi.org/10.1038/ni.2588  

Gould, L. H., Demma, L., Jones, T. F., Hurd, S., Vugia, D. J., Smith, K., Shiferaw, B., Segler, 
S., Palmer, A., Zansky, S., & Griffin, P. M. (2009). Hemolytic uremic syndrome and 
death in persons with Escherichia coli O157:H7 infection, Foodborne Diseases Active 
Surveillance Network sites, 2000-2006. Clinical Infectious Diseases, 49(10), 1480-
1485. https://doi.org/10.1086/644621  

Gould, L. H., Mody, R. K., Ong, K. L., Clogher, P., Cronquist, A. B., Garman, K. N., Lathrop, 
S., Medus, C., Spina, N. L., Webb, T. H., White, P. L., Wymore, K., Gierke, R. E., 
Mahon, B. E., Griffin, P. M., & Emerging Infect Program, F. (2013). Increased 
Recognition of Non-O157 Shiga Toxin-Producing <i>Escherichia coli</i> Infections in 
the United States During 2000-2010: Epidemiologic Features and Comparison with 
<i>E</i>. <i>coli</i> O157 Infections. Foodborne Pathogens and Disease, 10(5), 
453-460. https://doi.org/10.1089/fpd.2012.1401  

Goulet, V., Hebert, M., Hedberg, C., Laurent, E., Vaillant, V., De Valk, H., & Desenclos, J. C. 
(2012). Incidence of Listeriosis and Related Mortality Among Groups at Risk of 
Acquiring Listeriosis. Clinical Infectious Diseases, 54(5), 652-660. 
https://doi.org/10.1093/cid/cir902  

Goulet, V., Hedberg, C., Le Monnier, A., & de Valk, H. (2008). Increasing incidence of 
listeriosis in France and other European countries. Emerging Infectious Diseases, 
14(5), 734-740. https://doi.org/10.3201/eid1405.071395  

Goulet, V., Jacquet, C., Martin, P., Vaillant, V., Laurent, E., & de Valk, H. (2006). Surveillance 
of human listeriosis in France, 2001-2003. Euro surveillance : bulletin Europeen sur 
les maladies transmissibles = European communicable disease bulletin, 11(6), 79-81. 
<Go to ISI>://MEDLINE:16801697  

Gradel, K. O., Schonheyder, H. C., Dethlefsen, C., Kristensen, B., Ejlertsen, T., & Nielsen, H. 
(2008). Morbidity and mortality of elderly patients with zoonotic <i>Salmonella</i> 
and <i>Campylobacter</i>:: A population-based study. Journal of Infection, 57(3), 
214-222. https://doi.org/10.1016/j.jinf.2008.06.013  

Gray, R., Cook, S., Copeland, K., Auapaau, F., Hawthorne, P., Edmonds, J., & Rix, J. (2024). 
Effective methods for engaging with YOPI on food safety matter. 
https://www.mpi.govt.nz/dmsdocument/61114-Effective-methods-for-engaging-with-
YOPI-on-food-safety-matters 

Graziani, C., Luzzi, I., Owczarek, S., Dionisi, A. M., & Busani, L. (2015). Salmonella enterica 
Serovar Napoli Infection in Italy from 2000 to 2013: Spatial and Spatio-Temporal 
Analysis of Cases Distribution and the Effect of Human and Animal Density on the 

https://doi.org/10.32394/pe.75.61
https://doi.org/10.15167/2421-4248/jpmh2020.61.2.1473
https://doi.org/10.1038/ni.2588
https://doi.org/10.1086/644621
https://doi.org/10.1089/fpd.2012.1401
https://doi.org/10.1093/cid/cir902
https://doi.org/10.3201/eid1405.071395
https://doi.org/10.1016/j.jinf.2008.06.013
https://www.mpi.govt.nz/dmsdocument/61114-Effective-methods-for-engaging-with-YOPI-on-food-safety-matters
https://www.mpi.govt.nz/dmsdocument/61114-Effective-methods-for-engaging-with-YOPI-on-food-safety-matters


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 122 of 162 

Risk of Infection. PLoS ONE, 10(11), e0142419. 
https://doi.org/10.1371/journal.pone.0142419  

Green, L. W., O'Neill, M., Westphal, M., Morisky, D., & Editors, G. (1996). The Challenges of 
Participatory Action Research for Health Promotion. Promot. Educ., 3(4), 3-4. 
https://doi.org/10.1177/102538239600300401  

Griggio, V., Perutelli, F., Salvetti, C., Boccellato, E., Boccadoro, M., Vitale, C., & Coscia, M. 
(2020). Immune Dysfunctions and Immune-Based Therapeutic Interventions in 
Chronic Lymphocytic Leukemia. Front Immunol, 11, 594556. 
https://doi.org/10.3389/fimmu.2020.594556  

Grytdal, S. P., DeBess, E., Lee, L. E., Blythe, D., Ryan, P., Biggs, C., Cameron, M., Schmidt, 
M., Parashar, U. D., & Hall, A. J. (2016). Incidence of Norovirus and Other Viral 
Pathogens That Cause Acute Gastroenteritis (AGE) among Kaiser Permanente 
Member Populations in the United States, 2012-2013. PLoS ONE, 11(4), 12. 
https://doi.org/10.1371/journal.pone.0148395  

Guerrero, M. L. F., Torres, R., Mancebo, B., González-López, J. J., Górgolas, M., Jusdado, 
J. J., & Roblas, R. F. (2012). Antimicrobial treatment of invasive non-perinatal human 
listeriosis and the impact of the underlying disease on prognosis. Clinical 
Microbiology and Infection, 18(7), 690-695. https://doi.org/10.1111/j.1469-
0691.2011.03616.x  

Guevara, R. E., Mascola, L., & Sorvillo, F. (2009). Risk Factors for Mortality among Patients 
with Nonperinatal Listeriosis in Los Angeles County, 1992-2004. Clinical Infectious 
Diseases, 48(11), 1507-1515. https://doi.org/10.1086/598935  

Haastrup, P. F., Thompson, W., Søndergaard, J., & Jarbøl, D. E. (2018). Side Effects of 
Long-Term Proton Pump Inhibitor Use: A Review. Basic Clin Pharmacol Toxicol, 
123(2), 114-121. https://doi.org/10.1111/bcpt.13023  

Hadler, J. L., Clogher, P., Huang, J., Libby, T., Cronquist, A., Wilson, S., Ryan, P., Saupe, A., 
Nicholson, C., McGuire, S., Shiferaw, B., Dunn, J., & Hurd, S. (2018). The 
Relationship Between Census Tract Poverty and Shiga Toxin-Producing <i>E</i>. 
<i>coli</i> Risk, Analysis of FoodNet Data, 2010-2014. Open Forum Infectious 
Diseases, 5(7), 7. https://doi.org/10.1093/ofid/ofy148  

Hammer, A. M., Morris, N. L., Earley, Z. M., & Choudhry, M. A. (2015). The First Line of 
Defense: The Effects of Alcohol on Post-Burn Intestinal Barrier, Immune Cells, and 
Microbiome. Alcohol Res, 37(2), 209-222.  

Health Protection Scotland. (2020). Annual summary of Listeria infections, 2019. Retrieved 
29th September 2023 from https://publichealthscotland.scot/media/3279/2_annual-
summary-of-listeria-infections-2019.pdf 

Hedberg, N. (2022). Hypochlorhydria: Causes, Symptoms, Assessment, and Management. 
https://hedberginstitute.com/hypochlorhydria-causes-symptoms/ 

Heming, N., Sivanandamoorthy, S., Meng, P., Bounab, R., & Annane, D. (2018). Immune 
Effects of Corticosteroids in Sepsis. Front Immunol, 9, 1736. 
https://doi.org/10.3389/fimmu.2018.01736  

Herrador, Z., Gherasim, A., López-Vélez, R., & Benito, A. (2019). Listeriosis in Spain based 
on hospitalisation records, 1997 to 2015: need for greater awareness. 

https://doi.org/10.1371/journal.pone.0142419
https://doi.org/10.1177/102538239600300401
https://doi.org/10.3389/fimmu.2020.594556
https://doi.org/10.1371/journal.pone.0148395
https://doi.org/10.1111/j.1469-0691.2011.03616.x
https://doi.org/10.1111/j.1469-0691.2011.03616.x
https://doi.org/10.1086/598935
https://doi.org/10.1111/bcpt.13023
https://doi.org/10.1093/ofid/ofy148
https://publichealthscotland.scot/media/3279/2_annual-summary-of-listeria-infections-2019.pdf
https://publichealthscotland.scot/media/3279/2_annual-summary-of-listeria-infections-2019.pdf
https://hedberginstitute.com/hypochlorhydria-causes-symptoms/
https://doi.org/10.3389/fimmu.2018.01736


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 123 of 162 

Eurosurveillance, 24(21), 22-31. https://doi.org/10.2807/1560-
7917.Es.2019.24.21.1800271  

Hill, D. L., Carr, E. J., Rutishauser, T., Moncunill, G., Campo, J. J., Innocentin, S., Mpina, M., 
Nhabomba, A., Tumbo, A., Jairoce, C., Moll, H. A., van Zelm, M. C., Dobaño, C., 
Daubenberger, C., & Linterman, M. A. (2020). Immune system development varies 
according to age, location, and anemia in African children. Science Translational 
Medicine, 12(529), eaaw9522. https://doi.org/doi:10.1126/scitranslmed.aaw9522  

Hu, R., Li, J., Yao, K., Miao, M., Zhu, K., & Liu, Z. (2013). Listeria septicemia accompanied 
by central nervous system involvement in a patient with multiple myeloma and 
secondary diabetes. Am J Case Rep, 14, 226-229. 
https://doi.org/10.12659/ajcr.889168  

Huang, C., Lu, T.-L., & Yang, Y. (2023). Mortality risk factors related to listeriosis — A meta-
analysis. Journal of Infection and Public Health, 16(5), 771-783. 
https://doi.org/https://doi.org/10.1016/j.jiph.2023.03.013  

Hurwitz, A., Brady, D. A., Schaal, S. E., Samloff, I. M., Dedon, J., & Ruhl, C. E. (1997). 
Gastric acidity in older adults. Jama, 278(8), 659-662.  

Infected Blood Inquiry. (2024). The Inquiry Report. Retrieved 20th May 2024 from 
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report 

Institute of Medicine Division of Health Promotion and Disease, P. (1992). In R. L. Berg & J. 
S. Cassells (Eds.), The Second Fifty Years: Promoting Health and Preventing 
Disability. National Academies Press (US) 

Copyright © 1990 by the National Academy of Sciences. https://doi.org/10.17226/1578  

Ioannou, N., Jain, K., & Ramsay, A. G. (2021). Immunomodulatory Drugs for the Treatment 
of B Cell Malignancies. Int J Mol Sci, 22(16). https://doi.org/10.3390/ijms22168572  

Jackson, K. A., Iwamoto, M., & Swerdlow, D. (2010). Pregnancy-associated listeriosis. 
Epidemiology and Infection, 138(10), 1503-1509. 
https://doi.org/10.1017/s0950268810000294  

Jarchow-MacDonald, A. A., & Mangoni, A. A. (2013). Prescribing patterns of proton pump 
inhibitors in older hospitalized patients in a Scottish health board. Geriatrics & 
Gerontology International, 13(4), 1002-1009. 
https://doi.org/https://doi.org/10.1111/ggi.12047  

Jeffs, E., Williman, J., Brunton, C., Gullam, J., & Walls, T. (2020). The epidemiology of 
listeriosis in pregnant women and children in New Zealand from 1997 to 2016: an 
observational study. BMC Public Health, 20(1), 8. https://doi.org/10.1186/s12889-
020-8221-z  

Jeffs, E., Williman, J., Martin, N., Brunton, C., & Walls, T. (2018). The epidemiology of non-
viral gastroenteritis in New Zealand children from 1997 to 2015: an observational 
study. BMC Public Health, 19, 9. https://doi.org/10.1186/s12889-018-6229-4  

Jeffs, E., Williman, J., Martin, N., Brunton, C., & Walls, T. (2019). Epidemiology of 
Campylobacter Gastroenteritis in New Zealand Children and the Effect of The 
Campylobacter Strategy A 20-year Observational Study. Pediatric Infectious Disease 
Journal, 38(6), 569-576. https://doi.org/10.1097/inf.0000000000002228  

https://doi.org/10.2807/1560-7917.Es.2019.24.21.1800271
https://doi.org/10.2807/1560-7917.Es.2019.24.21.1800271
https://doi.org/doi:10.1126/scitranslmed.aaw9522
https://doi.org/10.12659/ajcr.889168
https://doi.org/https:/doi.org/10.1016/j.jiph.2023.03.013
https://www.infectedbloodinquiry.org.uk/reports/inquiry-report
https://doi.org/10.17226/1578
https://doi.org/10.3390/ijms22168572
https://doi.org/10.1017/s0950268810000294
https://doi.org/https:/doi.org/10.1111/ggi.12047
https://doi.org/10.1186/s12889-020-8221-z
https://doi.org/10.1186/s12889-020-8221-z
https://doi.org/10.1186/s12889-018-6229-4
https://doi.org/10.1097/inf.0000000000002228


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 124 of 162 

Jensen, A. K., Ethelberg, S., Smith, B., Nielsen, E. M., Larsson, J., Molbak, K., Christensen, 
J. J., & Kemp, M. (2010). Substantial increase in listeriosis, Denmark 2009. 
Eurosurveillance, 15(12), 12-15. <Go to ISI>://WOS:000276451300004  

John, P., Varga, C., Cooke, M., & Majowicz, S. E. (2022). Incidence, Demographic, and 
Seasonal Risk Factors of Infections Caused by Five Major Enteric Pathogens, 
Ontario, Canada, 2010-2017. Foodborne Pathogens and Disease, 19(4), 248-258. 
https://doi.org/10.1089/fpd.2021.0034  

Jones, G., Mariani-Kurkdjian, P., Cointe, A., Bonacorsi, S., Lefevre, S., Weill, F.-X., & Le 
Strat, Y. (2023). Sporadic Shiga Toxin-Producing Escherichia coli-Associated 
Pediatric Hemolytic Uremic Syndrome, France, 2012-2021. Emerging Infectious 
Diseases, 29(10), 2054-2064. https://doi.org/10.3201/eid2910.230382  

Kappeli, U., Hachler, H., Giezendanner, N., Cheasty, T., & Stephan, R. (2011). Shiga toxin-
producing Escherichia coli O157 associated with human infections in Switzerland, 
2000-2009. Epidemiology and Infection, 139(7), 1097-1104. 
https://doi.org/10.1017/s0950268810002190  

Kesavelu, D., & Jog, P. (2023). Current understanding of antibiotic-associated dysbiosis and 
approaches for its management. Ther Adv Infect Dis, 10, 20499361231154443. 
https://doi.org/10.1177/20499361231154443  

Khan, I., Bai, Y., Zha, L., Ullah, N., Ullah, H., Shah, S. R. H., Sun, H., & Zhang, C. (2021). 
Mechanism of the Gut Microbiota Colonization Resistance and Enteric Pathogen 
Infection. Front Cell Infect Microbiol, 11, 716299. 
https://doi.org/10.3389/fcimb.2021.716299  

Klebanov, N. (2018). Genetic Predisposition to Infectious Disease. Cureus, 10(8), e3210. 
https://doi.org/10.7759/cureus.3210  

Koch, J., & Stark, K. (2006). Significant increase of listeriosis in Germany--epidemiological 
patterns 2001-2005. Euro surveillance : bulletin Europeen sur les maladies 
transmissibles = European communicable disease bulletin, 11(6), 85-88. <Go to 
ISI>://MEDLINE:16801695  

Kornum, J. B., Thomsen, R. W., Riis, A., Lervang, H. H., Schønheyder, H. C., & Sørensen, 
H. T. (2007). Type 2 diabetes and pneumonia outcomes: a population-based cohort 
study. Diabetes Care, 30(9), 2251-2257. https://doi.org/10.2337/dc06-2417  

Kvistholm Jensen, A., Simonsen, J., & Ethelberg, S. (2017). Use of Proton Pump Inhibitors 
and the Risk of Listeriosis: A Nationwide Registry-based Case-Control Study. Clin 
Infect Dis, 64(7), 845-851. https://doi.org/10.1093/cid/ciw860  

Lassalle, M., Zureik, M., & Dray-Spira, R. (2023). Proton Pump Inhibitor Use and Risk of 
Serious Infections in Young Children. JAMA Pediatr, 177(10), 1028-1038. 
https://doi.org/10.1001/jamapediatrics.2023.2900  

Leask, C. F., Sandlund, M., Skelton, D. A., & Chastin, S. F. M. (2017). Co-creating a tailored 
public health intervention to reduce older adults’ sedentary behaviour. Health Educ. 
J., 76(5), 595-608. https://doi.org/10.1177/0017896917707785  

Leibovici, L., Yehezkelli, Y., Porter, A., Regev, A., Krauze, I., & Harell, D. (1996). Influence of 
diabetes mellitus and glycaemic control on the characteristics and outcome of 

https://doi.org/10.1089/fpd.2021.0034
https://doi.org/10.3201/eid2910.230382
https://doi.org/10.1017/s0950268810002190
https://doi.org/10.1177/20499361231154443
https://doi.org/10.3389/fcimb.2021.716299
https://doi.org/10.7759/cureus.3210
https://doi.org/10.2337/dc06-2417
https://doi.org/10.1093/cid/ciw860
https://doi.org/10.1001/jamapediatrics.2023.2900
https://doi.org/10.1177/0017896917707785


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 125 of 162 

common infections. Diabet Med, 13(5), 457-463. https://doi.org/10.1002/(sici)1096-
9136(199605)13:5<457::aid-dia83>3.0.co;2-t  

Leung, K., Hope, K., & Sheppeard, V. (2018). A review of listeriosis notifications and co-
existing conditions in New South Wales, 2010-2015. Communicable Diseases 
Intelligence, 42, 11. <Go to ISI>://WOS:000456102500005  

Li, X. L., Singh, N., Beshearse, E., Blanton, J. L., DeMent, J., & Havelaar, A. H. (2021). 
Spatial Epidemiology of Salmonellosis in Florida, 2009-2018. Frontiers in Public 
Health, 8, 13. https://doi.org/10.3389/fpubh.2020.603005  

Li, Y., Goronzy, J. J., & Weyand, C. M. (2018). DNA damage, metabolism and aging in pro-
inflammatory T cells: Rheumatoid arthritis as a model system. Exp Gerontol, 105, 
118-127. https://doi.org/10.1016/j.exger.2017.10.027  

Liljas, A. E. M., Agerholm, J., Schön, P., & Burström, B. (2022). Risk factors for infection in 
older adults who receive home healthcare and/or home help: A protocol for 
systematic review and meta-analysis. Medicine (Baltimore), 101(45), e31772. 
https://doi.org/10.1097/md.0000000000031772  

Listing, J., Gerhold, K., & Zink, A. (2013). The risk of infections associated with rheumatoid 
arthritis, with its comorbidity and treatment. Rheumatology, 52(1), 53-61. 
https://doi.org/10.1093/rheumatology/kes305  

Lund, B. M. (2015). Microbiological Food Safety for Vulnerable People. International Journal 
of Environmental Research and Public Health, 12(8), 10117-10132. 
https://doi.org/10.3390/ijerph120810117  

Lund, B. M., & O'Brien, S. J. (2011). The Occurrence and Prevention of Foodborne Disease 
in Vulnerable People. Foodborne Pathogens and Disease, 8(9), 961-973. 
https://doi.org/10.1089/fpd.2011.0860  

Mackin, S. T., Nelson, S. M., Kerssens, J. J., Wood, R., Wild, S., Colhoun, H. M., Leese, G. 
P., Philip, S., Lindsay, R. S., & Scottish Diabetes Research Network Epidemiology 
Group. (2018). Diabetes and pregnancy: national trends over a 15 year period. 
Diabetologia, 61, 1081–1088.  

MacRitchie, L. A., Hunter, C. J., & Strachan, N. J. C. (2013). A population-based exposure 
assessment of risk factors associated with gastrointestinal pathogens: a 
Campylobacter study. Epidemiology and Infection, 141(5), 976-986. 
https://doi.org/10.1017/s0950268812001641  

Magalhaes, R., Ferreira, V., Santos, I., Almeida, G., Teixeira, P., & Res, T. (2014). Genetic 
and Phenotypic Characterization of <i>Listeria monocytogenes</i> from Human 
Clinical Cases That Occurred in Portugal Between 2008 and 2012. Foodborne 
Pathogens and Disease, 11(11), 907-916. https://doi.org/10.1089/fpd.2014.1806  

Mammina, C., Parisi, A., Guaita, A., Aleo, A., Bonura, C., Nastasi, A., & Pontello, M. (2013). 
Enhanced surveillance of invasive listeriosis in the Lombardy region, Italy, in the 
years 2006-2010 reveals major clones and an increase in serotype 1/2a. BMC 
Infectious Diseases, 13, 8. https://doi.org/10.1186/1471-2334-13-152  

Manolis, A. A., Manolis, T. A., Melita, H., Katsiki, N., & Manolis, A. S. (2020). Proton pump 
inhibitors and cardiovascular adverse effects: Real or surreal worries? Eur J Intern 
Med, 72, 15-26. https://doi.org/10.1016/j.ejim.2019.11.017  

https://doi.org/10.1002/(sici)1096-9136(199605)13:5
https://doi.org/10.1002/(sici)1096-9136(199605)13:5
https://doi.org/10.3389/fpubh.2020.603005
https://doi.org/10.1016/j.exger.2017.10.027
https://doi.org/10.1097/md.0000000000031772
https://doi.org/10.1093/rheumatology/kes305
https://doi.org/10.3390/ijerph120810117
https://doi.org/10.1089/fpd.2011.0860
https://doi.org/10.1017/s0950268812001641
https://doi.org/10.1089/fpd.2014.1806
https://doi.org/10.1186/1471-2334-13-152
https://doi.org/10.1016/j.ejim.2019.11.017


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 126 of 162 

Manson, S. C., Brown, R. E., Cerulli, A., & Vidaurre, C. F. (2009). The cumulative burden of 
oral corticosteroid side effects and the economic implications of steroid use. 
Respiratory Medicine, 103(7), 975-994. 
https://doi.org/https://doi.org/10.1016/j.rmed.2009.01.003  

Marks, D. J., Rahman, F. Z., Sewell, G. W., & Segal, A. W. (2010). Crohn's disease: an 
immune deficiency state. Clin Rev Allergy Immunol, 38(1), 20-31. 
https://doi.org/10.1007/s12016-009-8133-2  

Marquis, H., Drevets, D. A., Bronze, M. S., Kathariou, S., Golos, T. G., & Iruretagoyena, J. I. 
(2015). Pathogenesis of Listeria monocytogenes in Humans. In Human Emerging 
and Re‐emerging Infections (pp. 749-772). 
https://doi.org/https://doi.org/10.1002/9781118644843.ch40  

Martinsen, T. C., Bergh, K., & Waldum, H. L. (2005). Gastric juice: a barrier against infectious 
diseases. Basic Clin Pharmacol Toxicol, 96(2), 94-102. https://doi.org/10.1111/j.1742-
7843.2005.pto960202.x  

McElwain, C. J., McCarthy, F. P., & McCarthy, C. M. (2021). Gestational Diabetes Mellitus 
and Maternal Immune Dysregulation: What We Know So Far. International Journal of 
Molecular Sciences, 20(22), 4261.  

Milczarek, M., Czarkowski, M. P., & Sadkowska-Todys, M. (2022). Salmonellosis in Poland in 
2020. Przeglad epidemiologiczny, 76(4), 574-590. https://doi.org/10.32394/pe.76.53  

Milczarek, M., Sadkowska-Todys, M., & Czarkowski, M. P. (2021). Salmonellosis in Poland in 
2018 and 2019. Przeglad epidemiologiczny, 75(4), 665-668. 
https://doi.org/10.32394/pe.75.62  

Milisiunaite, Z., Zegrebneviene, G., & Liausediene, R. (2010). Rotavirus and norovirus 
infections in Lithuania, 1994-2009. EpiNorth - Journal of the Network for 
Communicable Disease Control in Northern and Eastern Europe, 11(2), 47-53. <Go 
to ISI>://CABI:20103332596  

Mishra, S., Dwivedi, S., Dwivedi, N., & Singh, R. (2009). Immune Response and Possible 
Causes of CD4+T-cell Depletion in Human Immunodeficiency Virus (HIV) - 1 
Infection. The Open Nutraceuticals Journal, 2, 46-51. 
https://doi.org/10.2174/1876396000902010046  

Montecino-Rodriguez, E., Berent-Maoz, B., & Dorshkind, K. (2013). Causes, consequences, 
and reversal of immune system aging. The Journal of Clinical Investigation, 123(3), 
958-965. https://doi.org/10.1172/JCI64096  

Mook, P., Grant, K. A., Little, C. L., Kafatos, G., & Gillespie, I. A. (2010). Emergence of 
pregnancy-related listeriosis amongst ethnic minorities in England and Wales. 
Eurosurveillance, 15(27), 17-23. <Go to ISI>://WOS:000280874600004  

Mook, P., Jenkins, J. M., O'Brien, S. J., & Gillespie, I. A. (2013). Existing medications among 
non-pregnancy-related listeriosis patients in England, 2007-2009. Epidemiology and 
Infection, 141(1), 36-44. https://doi.org/10.1017/s095026881200026x  

Mor, G., & Cardenas, I. (2010). The immune system in pregnancy: a unique complexity. Am 
J Reprod Immunol, 63(6), 425-433. https://doi.org/10.1111/j.1600-0897.2010.00836.x  

https://doi.org/https:/doi.org/10.1016/j.rmed.2009.01.003
https://doi.org/10.1007/s12016-009-8133-2
https://doi.org/https:/doi.org/10.1002/9781118644843.ch40
https://doi.org/10.1111/j.1742-7843.2005.pto960202.x
https://doi.org/10.1111/j.1742-7843.2005.pto960202.x
https://doi.org/10.32394/pe.76.53
https://doi.org/10.32394/pe.75.62
https://doi.org/10.2174/1876396000902010046
https://doi.org/10.1172/JCI64096
https://doi.org/10.1017/s095026881200026x
https://doi.org/10.1111/j.1600-0897.2010.00836.x


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 127 of 162 

Morelli, T., Fujita, K., Redelman-Sidi, G., & Elkington, P. T. (2022). Infections due to 
dysregulated immunity: an emerging complication of cancer immunotherapy. Thorax, 
77(3), 304-311. https://doi.org/10.1136/thoraxjnl-2021-217260  

Mughini-Gras, L., Graziani, C., Biorci, F., Pavan, A., Magliola, R., Ricci, A., Gilli, G., Carraro, 
E., & Busani, L. (2012). Surveillance of acute infectious gastroenteritis (1992-2009) 
and food-borne disease outbreaks (1996-2009) in Italy, with a focus on the Piedmont 
and Lombardy regions. Euro surveillance : bulletin Europeen sur les maladies 
transmissibles = European communicable disease bulletin, 17(8). <Go to 
ISI>://MEDLINE:22401508  

Mumtaz, H., Ghafoor, B., Saghir, H., Tariq, M., Dahar, K., Ali, S. H., Waheed, S. T., & Syed, 
A. A. (2022). Association of Vitamin B12 deficiency with long-term PPIs use: A cohort 
study. Ann Med Surg (Lond), 82, 104762. 
https://doi.org/10.1016/j.amsu.2022.104762  

Murray, C. J., & Lopez, A. D. (1997). Global mortality, disability, and the contribution of risk 
factors: Global Burden of Disease Study. Lancet, 349(9063), 1436-1442. 
https://doi.org/10.1016/s0140-6736(96)07495-8  

National Cancer Institute. (2019). Immunotherapy to Treat Cancer. National Cancer Institute. 
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy#how-does-
immunotherapy-work-against-cancer 

National Cancer Institute. (2021). What Is Cancer? National Cancer Institute. 
https://www.cancer.gov/about-cancer/understanding/what-is-cancer 

National Institute on Alcohol Abuse and Alcoholism. (2020). Understanding Alcohol Use 
Disorder. Retrieved 22nd November 2024 from 
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/understanding-
alcohol-use-disorder 

National Records of Scotland. (2023a). Alcohol-specific deaths 2022. 
https://www.nrscotland.gov.uk/files//statistics/alcohol-deaths/2022/alcohol-specific-
deaths-22-report.pdf 

National Records of Scotland. (2023b). Scotland's Census 2022 - Rounded population 
estimates. https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-
2022-rounded-population-estimates/ 

Nesher, L., & Rolston, K. V. (2014). The current spectrum of infection in cancer patients with 
chemotherapy related neutropenia. Infection, 42(1), 5-13. 
https://doi.org/10.1007/s15010-013-0525-9  

Neuman, H., Forsythe, P., Uzan, A., Avni, O., & Koren, O. (2018). Antibiotics in early life: 
dysbiosis and the damage done. FEMS Microbiol Rev, 42(4), 489-499. 
https://doi.org/10.1093/femsre/fuy018  

Neurath, M. F. (2004). Mucosal immunity in Crohn's disease. Inflammatory Bowel Diseases, 
10, S29-S31.  

New South Wales Food Authority. (No date). Food Safety During Pregnancy. Retrieved 15th 
February 2024 from https://www.foodauthority.nsw.gov.au/sites/default/files/2021-
07/Pregnancy_brochure_21_0.pdf 

https://doi.org/10.1136/thoraxjnl-2021-217260
https://doi.org/10.1016/j.amsu.2022.104762
https://doi.org/10.1016/s0140-6736(96)07495-8
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy#how-does-immunotherapy-work-against-cancer
https://www.cancer.gov/about-cancer/treatment/types/immunotherapy#how-does-immunotherapy-work-against-cancer
https://www.cancer.gov/about-cancer/understanding/what-is-cancer
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/understanding-alcohol-use-disorder
https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/understanding-alcohol-use-disorder
https://www.nrscotland.gov.uk/files/statistics/alcohol-deaths/2022/alcohol-specific-deaths-22-report.pdf
https://www.nrscotland.gov.uk/files/statistics/alcohol-deaths/2022/alcohol-specific-deaths-22-report.pdf
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/
https://doi.org/10.1007/s15010-013-0525-9
https://doi.org/10.1093/femsre/fuy018
https://www.foodauthority.nsw.gov.au/sites/default/files/2021-07/Pregnancy_brochure_21_0.pdf
https://www.foodauthority.nsw.gov.au/sites/default/files/2021-07/Pregnancy_brochure_21_0.pdf


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 128 of 162 

Newman, K. L., Leon, J. S., Rebolledo, P. A., & Scallan, E. (2015). The impact of 
socioeconomic status on foodborne illness in high-income countries: a systematic 
review. Epidemiology and Infection, 143(12), 2473-2485. 
https://doi.org/10.1017/S0950268814003847  

NHS. (2021). About Omeprazole. https://www.nhs.uk/medicines/omeprazole/about-
omeprazole/ 

NHS Blood and Transplant. (2023). Organ Donation and Transplantation Activity Data: 
Scotland. Annual data for financial years 2019/20 to 2022/23 and data for 2023/24 - 
first 2 quarters. https://nhsbtdbe.blob.core.windows.net/umbraco-assets-
corp/31954/nhsbt-scotland-summary-report-sep-23.pdf 

NHS Health Scotland. (2017). Scottish Burden of Disease Study, 2015. Rheumatoid arthritis 
technical overview. Retrieved 12th February 2024 from 
https://www.scotpho.org.uk/media/1448/sbod2015-arthritis.pdf 

NHS Research Scotland. (2023). Diabetes. 
https://www.nhsresearchscotland.org.uk/research-areas/diabetes 

NHS Scotland, & Scottish Diabetes Data Group. (2023). Scottish Diabetes Survey 2022. 
https://www.diabetesinscotland.org.uk/wp-content/uploads/2023/10/Scottish-
Diabetes-Survey-2022.pdf 

NSW Food Authority. (No date). Life Events and Food. Infants. Retrieved 14th Febrauary 
2024 from https://www.foodauthority.nsw.gov.au/consumer/life-events-and-
food/infants 

O'Cathain, A., Croot, L., Duncan, E., Rousseau, N., Sworn, K., Turner, K. M., Yardley, L., & 
Hoddinott, P. (2019). Guidance on how to develop complex interventions to improve 
health and healthcare. BMJ Open, 9(8), e029954-e029954. 
https://doi.org/10.1136/bmjopen-2019-029954  

Office for National Statistics. (2020). Living longer: trends in subnational ageing across the 
UK. Retrieved 23rd June 2024 from 
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/a
geing/articles/livinglongertrendsinsubnationalageingacrosstheuk/2020-07-
20#:~:text=Northern%20Ireland%20has%20the%20lowest,2.3%25%20compared%2
0with%202.5%25). 

Ohern, M., & Rindfleisch, A. (2010). Customer Co-Creation: A Typology and Research 
Agenda. In (Vol. 6, pp. 84-106). https://doi.org/10.1108/S1548-
6435(2009)0000006008  

Orefice, R. (2021). Immunology and the immunological response in pregnancy. Best Pract 
Res Clin Obstet Gynaecol, 76, 3-12. https://doi.org/10.1016/j.bpobgyn.2020.07.013  

Ortiz-Guerrero, G., Amador-Muñoz, D., Calderón-Ospina, C. A., López-Fuentes, D., & Nava 
Mesa, M. O. (2018). Proton Pump Inhibitors and Dementia: Physiopathological 
Mechanisms and Clinical Consequences. Neural Plast, 2018, 5257285. 
https://doi.org/10.1155/2018/5257285  

OzFoodNet Working, G. (2004). Foodborne disease investigation across Australia: annual 
report of the OzFoodNet network, 2003. Communicable diseases intelligence 
quarterly report, 28(3), 359-389. <Go to ISI>://MEDLINE:15574061  

https://doi.org/10.1017/S0950268814003847
https://www.nhs.uk/medicines/omeprazole/about-omeprazole/
https://www.nhs.uk/medicines/omeprazole/about-omeprazole/
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/31954/nhsbt-scotland-summary-report-sep-23.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/31954/nhsbt-scotland-summary-report-sep-23.pdf
https://www.scotpho.org.uk/media/1448/sbod2015-arthritis.pdf
https://www.nhsresearchscotland.org.uk/research-areas/diabetes
https://www.diabetesinscotland.org.uk/wp-content/uploads/2023/10/Scottish-Diabetes-Survey-2022.pdf
https://www.diabetesinscotland.org.uk/wp-content/uploads/2023/10/Scottish-Diabetes-Survey-2022.pdf
https://www.foodauthority.nsw.gov.au/consumer/life-events-and-food/infants
https://www.foodauthority.nsw.gov.au/consumer/life-events-and-food/infants
https://doi.org/10.1136/bmjopen-2019-029954
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/ageing/articles/livinglongertrendsinsubnationalageingacrosstheuk/2020-07-20#:~:text=Northern%20Ireland%20has%20the%20lowest,2.3%25%20compared%20with%202.5%25
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/ageing/articles/livinglongertrendsinsubnationalageingacrosstheuk/2020-07-20#:~:text=Northern%20Ireland%20has%20the%20lowest,2.3%25%20compared%20with%202.5%25
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/ageing/articles/livinglongertrendsinsubnationalageingacrosstheuk/2020-07-20#:~:text=Northern%20Ireland%20has%20the%20lowest,2.3%25%20compared%20with%202.5%25
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/ageing/articles/livinglongertrendsinsubnationalageingacrosstheuk/2020-07-20#:~:text=Northern%20Ireland%20has%20the%20lowest,2.3%25%20compared%20with%202.5%25
https://doi.org/10.1108/S1548-6435(2009)0000006008
https://doi.org/10.1108/S1548-6435(2009)0000006008
https://doi.org/10.1016/j.bpobgyn.2020.07.013
https://doi.org/10.1155/2018/5257285


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 129 of 162 

OzFoodNet Working, G. (2012). Monitoring the incidence and causes of diseases potentially 
transmitted by food in Australia: annual report of the OzFoodNet network, 2010. 
Communicable diseases intelligence quarterly report, 36(3), E213-241. <Go to 
ISI>://MEDLINE:23186234  

Pagani, E., Folli, F., Tofani, S., Ruggeri, F. M., Ostanello, F., & Di Bartolo, I. (2018). Pilot 
survey of norovirus in Northern Italy: an example of surveillance of norovirus 
gastroenteritis. Epidemiology and Infection, 146(3), 291-296. 
https://doi.org/10.1017/s0950268817002989  

Pardoll, D. (2015). Cancer and the Immune System: Basic Concepts and Targets for 
Intervention. Semin Oncol, 42(4), 523-538. 
https://doi.org/10.1053/j.seminoncol.2015.05.003  

Parisi, A., Crump, J. A., Stafford, R., Glass, K., Howden, B. P., & Kirk, M. D. (2019). 
Increasing incidence of invasive nontyphoidal Salmonella infections in Queensland, 
Australia, 2007-2016. Plos Neglected Tropical Diseases, 13(3), 15. 
https://doi.org/10.1371/journal.pntd.0007187  

Parry, C. M., Thomas, S., Aspinall, E. J., Cooke, R. P., Rogerson, S. J., Harries, A. D., & 
Beeching, N. J. (2013). A retrospective study of secondary bacteraemia in 
hospitalised adults with community acquired non-typhoidal Salmonella 
gastroenteritis. BMC Infect Dis, 13, 107. https://doi.org/10.1186/1471-2334-13-107  

Partnership for Food Safety Education. (no date). Keep babies & toddlers safe from 
foodborne illness. Retrieved 14th February 2024 from https://www.fightbac.org/wp-
content/uploads/2022/02/babies-toddlers-flyer.pdf 

Perelson, A. S. (1989). Modeling the Interaction of the Immune System with HIV. In C. 
Castillo-Chavez (Ed.), Mathematical and Statistical Approaches to AIDS 
Epidemiology (pp. 350-370). Springer Berlin Heidelberg. https://doi.org/10.1007/978-
3-642-93454-4_17  

Pilch, N. A., Bowman, L. J., & Taber, D. J. (2021). Immunosuppression trends in solid organ 
transplantation: The future of individualization, monitoring, and management. 
Pharmacotherapy, 41(1), 119-131. https://doi.org/10.1002/phar.2481  

Pohl, A. M., Pouillot, R., Bazaco, M. C., Wolpert, B. J., Healy, J. M., Bruce, B. B., Laughlin, 
M. E., Hunter, J. C., Dunn, J. R., Hurd, S., Rowlands, J. V., Saupe, A., Vugia, D. J., & 
Van Doren, J. M. (2019). Differences Among Incidence Rates of Invasive Listeriosis 
in the US FoodNet Population by Age, Sex, Race/Ethnicity, and Pregnancy Status, 
2008-2016. Foodborne Pathogens and Disease, 16(4), 290-297. 
https://doi.org/10.1089/fpd.2018.2548  

Ponce-Hardy, V., & Giles, L. (2023). Monitoring and Evaluating Scotland’s Alcohol Strategy 
(MESAS) Monitoring Report 2022. 
https://www.publichealthscotland.scot/media/13693/mesas-
2022_english_jun2022.pdf 

Poorman, E., Martin, M., & Messmer, S. (2024). Alcohol-use disorder. Retrieved 22nd 
November 2024 from https://bestpractice.bmj.com/topics/en-
gb/198#:~:text=)%3A202%2D7.-
,http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2F,addiction%27%20should%20be%20use
d%20instead. 

https://doi.org/10.1017/s0950268817002989
https://doi.org/10.1053/j.seminoncol.2015.05.003
https://doi.org/10.1371/journal.pntd.0007187
https://doi.org/10.1186/1471-2334-13-107
https://www.fightbac.org/wp-content/uploads/2022/02/babies-toddlers-flyer.pdf
https://www.fightbac.org/wp-content/uploads/2022/02/babies-toddlers-flyer.pdf
https://doi.org/10.1007/978-3-642-93454-4_17
https://doi.org/10.1007/978-3-642-93454-4_17
https://doi.org/10.1002/phar.2481
https://doi.org/10.1089/fpd.2018.2548
https://www.publichealthscotland.scot/media/13693/mesas-2022_english_jun2022.pdf
https://www.publichealthscotland.scot/media/13693/mesas-2022_english_jun2022.pdf
https://bestpractice.bmj.com/topics/en-gb/198#:~:text=)%3A202%2D7.-,http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2F,addiction%27%20should%20be%20used%20instead
https://bestpractice.bmj.com/topics/en-gb/198#:~:text=)%3A202%2D7.-,http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2F,addiction%27%20should%20be%20used%20instead
https://bestpractice.bmj.com/topics/en-gb/198#:~:text=)%3A202%2D7.-,http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2F,addiction%27%20should%20be%20used%20instead
https://bestpractice.bmj.com/topics/en-gb/198#:~:text=)%3A202%2D7.-,http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2F,addiction%27%20should%20be%20used%20instead


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 130 of 162 

Preußel, K., Milde-Busch, A., Schmich, P., Wetzstein, M., Stark, K., & Werber, D. (2015). 
Risk Factors for Sporadic Non-Pregnancy Associated Listeriosis in Germany-
Immunocompromised Patients and Frequently Consumed Ready-To-Eat Products. 
PLoS ONE, 10(11), 15. https://doi.org/10.1371/journal.pone.0142986  

Price, C. L., Hassi, H. O., English, N. R., Blakemore, A. I., Stagg, A. J., & Knight, S. C. 
(2010). Methylglyoxal modulates immune responses: relevance to diabetes. J Cell 
Mol Med, 14(6b), 1806-1815. https://doi.org/10.1111/j.1582-4934.2009.00803.x  

Prieto, R. G., Alejandre, C. G., Meca, A. A., Barrera, V. H., & de Miguel, A. G. (2009). 
Epidemiology of hospital-treated <i>Salmonella</i> infection; Data from a national 
cohort over a ten-year period. Journal of Infection, 58(3), 175-181. 
https://doi.org/10.1016/j.jinf.2009.01.002  

Public Health England. (2018). Zoonoses Report UK 2017. 
https://assets.publishing.service.gov.uk/media/5f60ec8ae90e072bbc34f2b3/UK_Zoon
oses_report_2017.pdf 

Public Health Scotland. (2020). STEC in Scotland, 2019. Enhanced surveillance and 
Reference Laboratory data. https://publichealthscotland.scot/media/3339/2_stec-in-
scotland-2019-full-report.pdf 

Public Health Scotland. (2022). Prescribing and Medicines. Dispenser Payments and 
Prescription Cost Analysis. https://publichealthscotland.scot/media/15125/2022-09-
20-dispenser-payments-and-prescription-cost-analysis-report.pdf 

Public Health Scotland. (2023). HIV in Scotland. Update to 31 December 2022. 
https://publichealthscotland.scot/publications/hiv-in-scotland/hiv-in-scotland-update-
to-31-december-2022/ 

Public Health Scotland. (no date). Listeria Surveillance, Scotland 2012-2022. Unpublished 
Report.  

Public Health Scotland. (Unpublished-a). Ages of laboratory confirmed cases of Shiga toxin-
producing Escherichia coli (STEC) in Scotland 2012 - 2023.  

Public Health Scotland. (Unpublished-b). Estimating the Healthcare Cost of Gastrointestinal 
Infection in Scotland: Non-typhoidal Salmonella 2013-2017  

Public Health Scotland. (Unpublished-c). Laboratory confirmed cases of Norovirus in 
Scotland 2012 - 2023.  

Public Health Scotland. (Unpublished-d). Salmonella report 2013-2017  

Public Health Scotland, & National Statistics. (2023a). Births in Scotland. Year ending 31 
March 2023. A National Statistics release for Scotland. 
https://publichealthscotland.scot/media/23935/2023-11-28-births-report_final.pdf 

Public Health Scotland, & National Statistics. (2023b). Cancer Incidence and Prevalence in 
Scotland To December 2021. A National Statistics release for Scotland. 
https://publichealthscotland.scot/media/20142/2023-03-28-cancer-incidence-
report_revised.pdf 

https://doi.org/10.1371/journal.pone.0142986
https://doi.org/10.1111/j.1582-4934.2009.00803.x
https://doi.org/10.1016/j.jinf.2009.01.002
https://assets.publishing.service.gov.uk/media/5f60ec8ae90e072bbc34f2b3/UK_Zoonoses_report_2017.pdf
https://assets.publishing.service.gov.uk/media/5f60ec8ae90e072bbc34f2b3/UK_Zoonoses_report_2017.pdf
https://publichealthscotland.scot/media/3339/2_stec-in-scotland-2019-full-report.pdf
https://publichealthscotland.scot/media/3339/2_stec-in-scotland-2019-full-report.pdf
https://publichealthscotland.scot/media/15125/2022-09-20-dispenser-payments-and-prescription-cost-analysis-report.pdf
https://publichealthscotland.scot/media/15125/2022-09-20-dispenser-payments-and-prescription-cost-analysis-report.pdf
https://publichealthscotland.scot/publications/hiv-in-scotland/hiv-in-scotland-update-to-31-december-2022/
https://publichealthscotland.scot/publications/hiv-in-scotland/hiv-in-scotland-update-to-31-december-2022/
https://publichealthscotland.scot/media/23935/2023-11-28-births-report_final.pdf
https://publichealthscotland.scot/media/20142/2023-03-28-cancer-incidence-report_revised.pdf
https://publichealthscotland.scot/media/20142/2023-03-28-cancer-incidence-report_revised.pdf


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 131 of 162 

Qiu, P., Ishimoto, T., Fu, L., Zhang, J., Zhang, Z., & Liu, Y. (2022). The Gut Microbiota in 
Inflammatory Bowel Disease. Front Cell Infect Microbiol, 12, 733992. 
https://doi.org/10.3389/fcimb.2022.733992  

Quinlan, J. J. (2013). Foodborne Illness Incidence Rates and Food Safety Risks for 
Populations of Low Socioeconomic Status and Minority Race/Ethnicity: A Review of 
the Literature. International Journal of Environmental Research and Public Health, 
10(8), 3634-3652. https://doi.org/10.3390/ijerph10083634  

Reichardt, S. D., Amouret, A., Muzzi, C., Vettorazzi, S., Tuckermann, J. P., Lühder, F., & 
Reichardt, H. M. (2021). The Role of Glucocorticoids in Inflammatory Diseases. 
Cells, 10(11). https://doi.org/10.3390/cells10112921  

Rodwell, E. V., Chan, Y., Sawyer, C., Carroll, A., McNamara, E., Allison, L., Browning, L., 
Holmes, A., Godbole, G., McCarthy, N., & Jenkins, C. (2022). Shiga toxin-producing 
Escherichia coli clonal complex 32, including serotype O145:H28, in the UK and 
Ireland. Journal of Medical Microbiology, 71(8). https://doi.org/10.1099/jmm.0.001579  

Rodwell, E. V., Simpson, A., Chan, Y. W., Godbole, G., McCarthy, N. D., & Jenkins, C. 
(2023). The epidemiology of Shiga toxin-producing<i> Escherichia</i><i> coli</i> 
O26:H11 (clonal complex 29) in England, 2014-2021. Journal of Infection, 86(6), 552-
562. https://doi.org/10.1016/j.jinf.2023.04.006  

Rosenstock, I. M. (1974). The Health Belief Model and Preventive Health Behavior. Health 
Education Monographs, 2(4), 354-386. https://doi.org/10.1177/109019817400200405  

Russell, T. L., Berardi, R. R., Barnett, J. L., Dermentzoglou, L. C., Jarvenpaa, K. M., 
Schmaltz, S. P., & Dressman, J. B. (1993). Upper gastrointestinal pH in seventy-nine 
healthy, elderly, North American men and women. Pharm Res, 10(2), 187-196. 
https://doi.org/10.1023/a:1018970323716  

Sadkowska-Todys, M., & Czarkowski, M. P. (2015). Salmonellosis in Poland in 2013. 
Przeglad epidemiologiczny, 69(4), 749-754, 889. <Go to ISI>://MEDLINE:27139356  

Safefood. (2023). Raw drinking milk - state of play. Retrieved 11th February 2024 from 
https://www.safefood.net/professional/food-safety/food-safety-news-(1)/2023/raw-
drinking-milk-state-of-play 

Sala Farre, M. R., Osorio Sanchez, D., Arias Varela, C., Simo Sanahuja, M., Recasens 
Recasens, A., & Perez Jove, J. (2015). Campylobacter and Salmonella acute 
gastroenteritis: epidemiology and health care utilization. Medicina Clinica, 145(7), 
294-297. https://doi.org/10.1016/j.medcli.2014.11.016  

Santana, P. T., Rosas, S. L. B., Ribeiro, B. E., Marinho, Y., & de Souza, H. S. P. (2022). 
Dysbiosis in Inflammatory Bowel Disease: Pathogenic Role and Potential 
Therapeutic Targets. Int J Mol Sci, 23(7). https://doi.org/10.3390/ijms23073464  

Sarkar, D., Jung, M. K., & Wang, H. J. (2015). Alcohol and the Immune System. In Alcohol 
Res (Vol. 37, pp. 153-155).  

Scallan, E., Crim, S. M., Runkle, A., Henao, O. L., Mahon, B. E., Hoekstra, R. M., & Griffin, 
P. M. (2015a). Bacterial Enteric Infections Among Older Adults in the United States: 
Foodborne Diseases Active Surveillance Network, 1996-2012. Foodborne Pathogens 
and Disease, 12(6), 492-499. https://doi.org/10.1089/fpd.2014.1915  

https://doi.org/10.3389/fcimb.2022.733992
https://doi.org/10.3390/ijerph10083634
https://doi.org/10.3390/cells10112921
https://doi.org/10.1099/jmm.0.001579
https://doi.org/10.1016/j.jinf.2023.04.006
https://doi.org/10.1177/109019817400200405
https://doi.org/10.1023/a:1018970323716
https://www.safefood.net/professional/food-safety/food-safety-news-(1)/2023/raw-drinking-milk-state-of-play
https://www.safefood.net/professional/food-safety/food-safety-news-(1)/2023/raw-drinking-milk-state-of-play
https://doi.org/10.1016/j.medcli.2014.11.016
https://doi.org/10.3390/ijms23073464
https://doi.org/10.1089/fpd.2014.1915


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 132 of 162 

Scallan, E., Crim, S. M., Runkle, A., Henao, O. L., Mahon, B. E., Hoekstra, R. M., & Griffin, 
P. M. (2015b). Bacterial Enteric Infections Among Older Adults in the United States: 
Foodborne Diseases Active Surveillance Network, 1996-2012. Foodborne Pathog 
Dis, 12(6), 492-499. https://doi.org/10.1089/fpd.2014.1915  

Scallan, E., Mahon, B. E., Hoekstra, R. M., & Griffin, P. M. (2013). Estimates of Illnesses, 
Hospitalizations and Deaths Caused by Major Bacterial Enteric Pathogens in Young 
Children in the United States. Pediatric Infectious Disease Journal, 32(3), 217-221. 
https://doi.org/10.1097/INF.0b013e31827ca763  

Schlech, W. F., Schlech, W. F., Haldane, H., Mailman, T. L., Warhuus, M., Crouse, N., & 
Haldane, D. J. M. (2005). Does sporadic <i>Listeria</i> gastroenteritis exist?: A 2-
year population-based survey in Nova Scotia, Canada. Clinical Infectious Diseases, 
41(6), 778-784. https://doi.org/10.1086/432724  

Scobie, A., Kanagarajah, S., Harris, R. J., Byrne, L., Amar, C., Grant, K., & Godbole, G. 
(2019). Mortality risk factors for listeriosis - A 10 year review of non-pregnancy 
associated cases in England 2006-2015. Journal of Infection, 78(3), 208-214. 
https://doi.org/10.1016/j.jinf.2018.11.007  

Scotland's Census. (2023). Scotland's Census 2022 - Rounded population estimates. 
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-
population-
estimates/#:~:text=There%20are%20more%20people%20in,people%20under%2015
%20(832%2C300). 

Scottish Government. (2022). The Scottish Health Survey 2021: Chapter 8 Alcohol and 
Drugs. https://www.gov.scot/publications/scottish-health-survey-2021-summary-
report/pages/10/ 

Scottish Public Health Network. (2012). Health Care Needs Assessment of Services for 
Adults with Rheumatoid Arthritis. PART B: Epidemiology of RA in Scotland. 
https://www.scotphn.net/wp-content/uploads/2015/10/Part-B-Epidemiology-of-RA-in-
Scotland.pdf 

SEFARI. (2023). Funding Call: SEFARI Fellowship with Food Standards Scotland on 
determining the lifestyle factors which cause particular members of the older 
population to become ill with foodborne disease. Retrieved 17th July 2023 from 
https://sefari.scot/news/funding-call-sefari-fellowship-food-standards-scotland-food-
borne-disease 

Semmes, E. C., Chen, J. L., Goswami, R., Burt, T. D., Permar, S. R., & Fouda, G. G. (2020). 
Understanding Early-Life Adaptive Immunity to Guide Interventions for Pediatric 
Health. Front Immunol, 11, 595297. https://doi.org/10.3389/fimmu.2020.595297  

Seok, H., Huh, K., Cho, S. Y., Kang, C. I., Chung, D. R., Huh, W. S., Park, J. B., & Peck, K. 
R. (2020). Invasive Fungal Diseases in Kidney Transplant Recipients: Risk Factors 
for Mortality. J Clin Med, 9(6). https://doi.org/10.3390/jcm9061824  

Shanika, L. G. T., Reynolds, A., Pattison, S., & Braund, R. (2023). Proton pump inhibitor use: 
systematic review of global trends and practices. Eur J Clin Pharmacol, 79(9), 1159-
1172. https://doi.org/10.1007/s00228-023-03534-z  

Siegel, R. L., Miller, K. D., & Jemal, A. (2017). Cancer statistics, 2017. CA: A Cancer Journal 
for Clinicians, 67(1), 7-30. https://doi.org/https://doi.org/10.3322/caac.21387  

https://doi.org/10.1089/fpd.2014.1915
https://doi.org/10.1097/INF.0b013e31827ca763
https://doi.org/10.1086/432724
https://doi.org/10.1016/j.jinf.2018.11.007
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/#:~:text=There%20are%20more%20people%20in,people%20under%2015%20(832%2C300
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/#:~:text=There%20are%20more%20people%20in,people%20under%2015%20(832%2C300
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/#:~:text=There%20are%20more%20people%20in,people%20under%2015%20(832%2C300
https://www.scotlandscensus.gov.uk/2022-results/scotland-s-census-2022-rounded-population-estimates/#:~:text=There%20are%20more%20people%20in,people%20under%2015%20(832%2C300
https://www.gov.scot/publications/scottish-health-survey-2021-summary-report/pages/10/
https://www.gov.scot/publications/scottish-health-survey-2021-summary-report/pages/10/
https://www.scotphn.net/wp-content/uploads/2015/10/Part-B-Epidemiology-of-RA-in-Scotland.pdf
https://www.scotphn.net/wp-content/uploads/2015/10/Part-B-Epidemiology-of-RA-in-Scotland.pdf
https://sefari.scot/news/funding-call-sefari-fellowship-food-standards-scotland-food-borne-disease
https://sefari.scot/news/funding-call-sefari-fellowship-food-standards-scotland-food-borne-disease
https://doi.org/10.3389/fimmu.2020.595297
https://doi.org/10.3390/jcm9061824
https://doi.org/10.1007/s00228-023-03534-z
https://doi.org/https:/doi.org/10.3322/caac.21387


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 133 of 162 

Sifnaios, E., Mastorakos, G., Psarra, K., Panagopoulos, N. D., Panoulis, K., Vitoratos, N., 
Rizos, D., & Creatsas, G. (2019). Gestational Diabetes and T-cell 
(Th1/Th2/Th17/Treg) Immune Profile. In Vivo, 33(1), 31-40.  

Silk, B. J., Date, K. A., Jackson, K. A., Pouillot, R., Holt, K. G., Graves, L. M., Ong, K. L., 
Hurd, S., Meyer, R., Marcus, R., Shiferaw, B., Norton, D. M., Medus, C., Zansky, S. 
M., Cronquist, A. B., Henao, O. L., Jones, T. F., Vugia, D. J., Farley, M. M., & Mahon, 
B. E. (2012). Invasive Listeriosis in the Foodborne Diseases Active Surveillance 
Network (FoodNet), 2004-2009: Further Targeted Prevention Needed for Higher-Risk 
Groups. Clinical Infectious Diseases, 54, S396-S404. 
https://doi.org/10.1093/cid/cis268  

Silk, B. J., Mahon, B. E., Griffin, P. M., Gould, H., Tauxe, R. V., Crim, S. M., Jackson, K. A., 
Gerner-Smidt, P., Herman, K. M., & Henao, O. L. (2013). Vital Signs: Listeria 
Illnesses, Deaths, and Outbreaks - United States, 2009-2011. Mmwr-Morbidity and 
Mortality Weekly Report, 62(22), 448-452. <Go to ISI>://WOS:000322180500004  

Simon, A. K., Hollander, G. A., & McMichael, A. (2015). Evolution of the immune system in 
humans from infancy to old age. Proc Biol Sci, 282(1821), 20143085. 
https://doi.org/10.1098/rspb.2014.3085  

Sivaramalingam, B., Young, I., Pham, M., Waddell, L., Greig, J., Mascarenhas, M., & 
Papadopoulos, A. (2015). Scoping Review of Research on the Effectiveness of Food-
Safety Education Interventions Directed at Consumers. Foodborne Pathog. Dis., 12. 
https://doi.org/10.1089/fpd.2014.1927  

Smith, J. L. (2003). The role of gastric acid in preventing foodborne disease and how 
bacteria overcome acid conditions. J Food Prot, 66(7), 1292-1303. 
https://doi.org/10.4315/0362-028x-66.7.1292  

Soenen, S., Rayner, C. K., Jones, K. L., & Horowitz, M. (2016). The ageing gastrointestinal 
tract. Curr Opin Clin Nutr Metab Care, 19(1), 12-18. 
https://doi.org/10.1097/mco.0000000000000238  

Sorokin, M., Usein, C. R., Irimia, M., & Damian, M. (2007). A laboratory-based survey of 
Campylobacter infections in Prahova County. Romanian Archives of Microbiology 
and Immunology, 66(3/4), 85-89. <Go to ISI>://CABI:20093124633  

Spencer, S. E. F., Marshall, J., Pirie, R., Campbell, D., Baker, M. G., & French, N. P. (2012). 
The spatial and temporal determinants of campylobacteriosis notifications in New 
Zealand, 2001-2007. Epidemiology and Infection, 140(9), 1663-1677. 
https://doi.org/10.1017/s0950268811002159  

Spindler, M. P., Ho, A. M., Tridgell, D., McCulloch-Olson, M., Gersuk, V., Ni, C., Greenbaum, 
C., & Sanda, S. (2016). Acute hyperglycemia impairs IL-6 expression in humans. 
Immun Inflamm Dis, 4(1), 91-97. https://doi.org/10.1002/iid3.97  

Statistics and Clinical Research, & NHS Blood and Transplant. (2023). Organ and Tissue 
Donation and Transplantation Activity Report 2022/23. 
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/30188/activity-report-
2022-2023-final.pdf 

Steinbrecher, M., Wolfert, C., Maurer, C., Messmann, H., Shiban, E., Sommer, B., & Fuchs, 
A. (2023). Cerebral abscess due to Listeria monocytogenes infection in silent 

https://doi.org/10.1093/cid/cis268
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1089/fpd.2014.1927
https://doi.org/10.4315/0362-028x-66.7.1292
https://doi.org/10.1097/mco.0000000000000238
https://doi.org/10.1017/s0950268811002159
https://doi.org/10.1002/iid3.97
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/30188/activity-report-2022-2023-final.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/30188/activity-report-2022-2023-final.pdf


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 134 of 162 

diabetes mellitus: Case presentation, treatment and patient outcome. In IDCases 
(Vol. 33, pp. e01864). © 2023 The Authors. https://doi.org/10.1016/j.idcr.2023.e01864  

Strachan, N. J. C., Rotariu, O., MacRae, M., Sheppard, S. K., Smith-Palmer, A., Cowden, J., 
Maiden, M. C. J., & Forbes, K. J. (2013). Operationalising Factors That Explain the 
Emergence of Infectious Diseases: A Case Study of the Human Campylobacteriosis 
Epidemic. PLoS ONE, 8(11), e79331. https://doi.org/10.1371/journal.pone.0079331  

Suominen, K., Jaakola, S., Salmenlinna, S., Simola, M., Wallgren, S., Hakkinen, M., 
Suokorpi, A., & Rimhanen-Finne, R. (2023). Invasive listeriosis in Finland: 
surveillance and cluster investigations, 2011-2021. Epidemiology and Infection, 151, 
9. https://doi.org/10.1017/s0950268823001073  

Szabo, G., & Saha, B. (2015). Alcohol's Effect on Host Defense. Alcohol Res, 37(2), 159-
170.  

Taine, M., Offredo, L., Dray-Spira, R., Weill, A., Chalumeau, M., & Zureik, M. (2021). 
Paediatric outpatient prescriptions in France between 2010 and 2019: A nationwide 
population-based study: Paediatric outpatient prescriptions in France, 2010 to 2019. 
Lancet Reg Health Eur, 7, 100129. https://doi.org/10.1016/j.lanepe.2021.100129  

Tam, C. C., Higgins, C. D., Neal, K. R., Rodrigues, L. C., Millership, S. E., O'Brien, S. J., & 
Campylobacter Case-Control Study, G. (2009). Chicken consumption and use of 
acid-suppressing medications as risk factors for Campylobacter enteritis, England. 
Emerging Infectious Diseases, 15(9), 1402-1408. 
https://doi.org/10.3201/eid1509.080773  

Tampubolon, C., & Ronny, R. F. (2021). Differences in the incidence of diarrhoea in children 
aged 6-24 months who receive exclusive and non-exclusive breastfeeding. 
International Journal of Health Science and Research, 11(10), 378-386. 
https://doi.org/https://doi.org/10.52403/ijhsr.20211048  

Tanaka, T., Narazaki, M., & Kishimoto, T. (2014). IL-6 in inflammation, immunity, and 
disease. Cold Spring Harb Perspect Biol, 6(10), a016295. 
https://doi.org/10.1101/cshperspect.a016295  

Tanoue, T., Morita, S., Plichta, D. R., Skelly, A. N., Suda, W., Sugiura, Y., Narushima, S., 
Vlamakis, H., Motoo, I., Sugita, K., Shiota, A., Takeshita, K., Yasuma-Mitobe, K., 
Riethmacher, D., Kaisho, T., Norman, J. M., Mucida, D., Suematsu, M., Yaguchi, 
T.,…Honda, K. (2019). A defined commensal consortium elicits CD8 T cells and anti-
cancer immunity. Nature, 565(7741), 600-605. https://doi.org/10.1038/s41586-019-
0878-z  

Tennant, S. M., Hartland, E. L., Phumoonna, T., Lyras, D., Rood, J. I., Robins-Browne, R. M., 
& van Driel, I. R. (2008). Influence of gastric acid on susceptibility to infection with 
ingested bacterial pathogens. Infect Immun, 76(2), 639-645. 
https://doi.org/10.1128/iai.01138-07  

Tessaro, F. H. G., Ayala, T. S., Nolasco, E. L., Bella, L. M., & Martins, J. O. (2017). Insulin 
Influences LPS-Induced TNF-α and IL-6 Release Through Distinct Pathways in 
Mouse Macrophages from Different Compartments. Cell Physiol Biochem, 42(5), 
2093-2104. https://doi.org/10.1159/000479904  

The Scottish Inflammatory Diseases and Rheumatology Industry Group. (no date). Delivery 
of RA Services in Scotland: The View of Healthcare Professionals. A Report of a 

https://doi.org/10.1016/j.idcr.2023.e01864
https://doi.org/10.1371/journal.pone.0079331
https://doi.org/10.1017/s0950268823001073
https://doi.org/10.1016/j.lanepe.2021.100129
https://doi.org/10.3201/eid1509.080773
https://doi.org/https:/doi.org/10.52403/ijhsr.20211048
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1038/s41586-019-0878-z
https://doi.org/10.1038/s41586-019-0878-z
https://doi.org/10.1128/iai.01138-07
https://doi.org/10.1159/000479904


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 135 of 162 

Survey of service provision for patients with RA and associated conditions. 
https://www.abpi.org.uk/media/z4kh5oh3/service-provision-ra-associated.pdf 

Thomas, K., & Vassilopoulos, D. (2020). Infections in Patients with Rheumatoid Arthritis in 
the Era of Targeted Synthetic Therapies. Mediterr J Rheumatol, 31(Suppl 1), 129-
136. https://doi.org/10.31138/mjr.31.1.129  

Thong, B. K. S., Ima-Nirwana, S., & Chin, K. Y. (2019). Proton Pump Inhibitors and Fracture 
Risk: A Review of Current Evidence and Mechanisms Involved. Int J Environ Res 
Public Health, 16(9). https://doi.org/10.3390/ijerph16091571  

Tönshoff, B. (2020). Immunosuppressants in Organ Transplantation. Handb Exp Pharmacol, 
261, 441-469. https://doi.org/10.1007/164_2019_331  

Torres-Castro, I., Arroyo-Camarena Ú, D., Martínez-Reyes, C. P., Gómez-Arauz, A. Y., 
Dueñas-Andrade, Y., Hernández-Ruiz, J., Béjar, Y. L., Zaga-Clavellina, V., Morales-
Montor, J., Terrazas, L. I., Kzhyshkowska, J., & Escobedo, G. (2016). Human 
monocytes and macrophages undergo M1-type inflammatory polarization in 
response to high levels of glucose. Immunol Lett, 176, 81-89. 
https://doi.org/10.1016/j.imlet.2016.06.001  

Tran, S. Y., Barry, S., Waller, J. L., Bollag, W. B., Young, L., Padala, S., & Baer, S. L. (2023). 
Risk factors and mortality in patients with listeriosis and end-stage renal disease. 
American Journal of the Medical Sciences, 366(4), 263-269. 
https://doi.org/10.1016/j.amjms.2023.06.012  

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., Peters, 
M. D. J., Horsley, T., Weeks, L., Hempel, S., Akl, E. A., Chang, C., McGowan, J., 
Stewart, L., Hartling, L., Aldcroft, A., Wilson, M. G., Garritty, C.,…Straus, S. E. (2018). 
PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. 
Annals of Internal Medicine, 169(7), 467-473. https://doi.org/10.7326/m18-0850  

Tumuhairwe, E. K., Magel, R., Bhandary, M., & Khaitsa, M. L. (2008). Characterization of 
386 non-typhoidal salmonellosis cases in North Dakota from 2000 to 2005. Food 
Protection Trends, 28(5), 304-313. <Go to ISI>://CABI:20083161594  

Turgeon, P., Murray, R., & Nesbitt, A. (2017). Hospitalizations associated with salmonellosis 
among seniors in Canada, 2000-2010. Epidemiology and Infection, 145(8), 1527-
1534. https://doi.org/10.1017/s0950268817000292  

Turvey, S. E., & Broide, D. H. (2010). Innate immunity. J Allergy Clin Immunol, 125(2 Suppl 
2), S24-32. https://doi.org/10.1016/j.jaci.2009.07.016  

U.S. Department of Agriculture Food Safety and Inspection Service. (2020). Food Safety A 
Need-to-Know Guide for Those at Risk:. Retrieved 28th January 2024 from 
https://www.fsis.usda.gov/sites/default/files/media_file/2021-04/at-risk-booklet.pdf 

U.S. Department of Agriculture Food Safety and Inspection Service. (2024). FSIS Issues 
Public Health Alert for Ready-To-Eat Charcuterie Products Due to Possible 
Salmonella Contamination. Retrieved 23rd January 2024 from 
https://www.fsis.usda.gov/recalls-alerts/fsis-issues-public-health-alert-ready-eat-
charcuterie-products-due-possible 

https://www.abpi.org.uk/media/z4kh5oh3/service-provision-ra-associated.pdf
https://doi.org/10.31138/mjr.31.1.129
https://doi.org/10.3390/ijerph16091571
https://doi.org/10.1007/164_2019_331
https://doi.org/10.1016/j.imlet.2016.06.001
https://doi.org/10.1016/j.amjms.2023.06.012
https://doi.org/10.7326/m18-0850
https://doi.org/10.1017/s0950268817000292
https://doi.org/10.1016/j.jaci.2009.07.016
https://www.fsis.usda.gov/sites/default/files/media_file/2021-04/at-risk-booklet.pdf
https://www.fsis.usda.gov/recalls-alerts/fsis-issues-public-health-alert-ready-eat-charcuterie-products-due-possible
https://www.fsis.usda.gov/recalls-alerts/fsis-issues-public-health-alert-ready-eat-charcuterie-products-due-possible


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 136 of 162 

U.S. Food and Drug Administration. (2022). Food Safety Booklet for Pregnant Women, Their 
Unborn Babies, and Children Under Five. Retrieved 24th June 2024 from 
https://www.fda.gov/media/83740/download?attachment 

U.S. Food and Drug Administration. (2024). Think Food Safety and Be Salmonella Safe. 
Retrieved 29th January 2024 from https://www.fda.gov/animal-veterinary/animal-
health-literacy/think-food-safety-and-be-salmonella-safe 

UK Health Security Agency. (2023). Listeriosis in England and Wales: Summary for 2021. 
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-
reports/listeriosis-in-england-and-wales-summary-for-2021 

UK Health Security Agency. (2024). Listeriosis in England and Wales: Summary for 2022. 
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-
reports/listeriosis-in-england-and-wales-summary-for-2022 

United States Census Bureau. (2023). 2020 Census: 1 in 6 People in the United States 
Were 65 and Over. Retrieved 23rd July 2024 from 
https://www.census.gov/library/stories/2023/05/2020-census-united-states-older-
population-grew.html 

Vallejo, P., Cilla, G., Lopez-Olaizola, M., Vicente, D., & Marimon, J. M. (2022). Epidemiology 
and Clinical Features of Listeriosis in Gipuzkoa, Spain, 2010-2020. Frontiers in 
microbiology, 13, 8. https://doi.org/10.3389/fmicb.2022.894334  

van den Bogaart, L., Lang, B. M., Neofytos, D., Egli, A., Walti, L. N., Boggian, K., Garzoni, 
C., Berger, C., Pascual, M., van Delden, C., Mueller, N. J., Manuel, O., Mombelli, M., 
& Swiss Transplant Cohort, S. (2022). Epidemiology and outcomes of medically 
attended and microbiologically confirmed bacterial foodborne infections in solid organ 
transplant recipients. American Journal of Transplantation, 22(1), 199-209. 
https://doi.org/10.1111/ajt.16831  

van Staa, T. P., Leufkens, H. G., Abenhaim, L., Begaud, B., Zhang, B., & Cooper, C. (2000). 
Use of oral corticosteroids in the United Kingdom. Qjm, 93(2), 105-111. 
https://doi.org/10.1093/qjmed/93.2.105  

Vento, S., & Cainelli, F. (2003). Infections in patients with cancer undergoing chemotherapy: 
aetiology, prevention, and treatment. Lancet Oncol, 4(10), 595-604. 
https://doi.org/10.1016/s1470-2045(03)01218-x  

Voetsch, A. C., Angulo, F. J., Jones, T. F., Moore, M. R., Nadon, C., McCarthy, P., Shiferaw, 
B., Megginson, M. B., Hurd, S., Anderson, B. J., Cronquist, A., Vugia, D. J., Medus, 
C., Segler, S., Graves, L. M., Hoekstra, R. M., Griffin, P. M., & Ctr Dis Control 
Prevention, E. (2007). Reduction in the incidence of invasive listeriosis in Foodborne 
Diseases Active Surveillance Network sites, 1996-2003. Clinical Infectious Diseases, 
44(4), 513-520. https://doi.org/10.1086/511006  

Vrbova, L., Johnson, K., Whitfield, Y., & Middleton, D. (2012). A descriptive study of 
reportable gastrointestinal illnesses in Ontario, Canada, from 2007 to 2009. BMC 
Public Health, 12, 11. https://doi.org/10.1186/1471-2458-12-970  

Vugia, D., Cronquist, A., Cartter, M., Tobin-D'Angelo, M., Blythe, D., Smith, K., Lathrop, S., 
Morse, D., Cieslak, P., Dunn, J., Holt, K. G., Henao, O. L., Hoekstra, R. M., Angulo, F. 
J., Griffin, P. M., Tauxe, R. V., & Trivedi, K. K. (2009). Preliminary FoodNet data on 
the incidence of infection with pathogens transmitted commonly through food - 10 

https://www.fda.gov/media/83740/download?attachment
https://www.fda.gov/animal-veterinary/animal-health-literacy/think-food-safety-and-be-salmonella-safe
https://www.fda.gov/animal-veterinary/animal-health-literacy/think-food-safety-and-be-salmonella-safe
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-reports/listeriosis-in-england-and-wales-summary-for-2021
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-reports/listeriosis-in-england-and-wales-summary-for-2021
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-reports/listeriosis-in-england-and-wales-summary-for-2022
https://www.gov.uk/government/publications/listeria-monocytogenes-surveillance-reports/listeriosis-in-england-and-wales-summary-for-2022
https://www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
https://www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
https://doi.org/10.3389/fmicb.2022.894334
https://doi.org/10.1111/ajt.16831
https://doi.org/10.1093/qjmed/93.2.105
https://doi.org/10.1016/s1470-2045(03)01218-x
https://doi.org/10.1086/511006
https://doi.org/10.1186/1471-2458-12-970


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 137 of 162 

states, 2008. Morbidity and Mortality Weekly Report, 58(13), 333-337. <Go to 
ISI>://CABI:20093215921  

Vugia, D., Hadler, J., Blake, P., Blythe, D., Smith, K., Morse, D., Cieslak, P., Jones, T., 
Shillam, P., Chen, D. W., Garthright, B., Charles, L., Molbak, K., Angulo, F., Griffin, P., 
& Tauxe, R. (2002). Preliminary foodnet data on the incidence of foodborne illnesses 
- selected sites, United States, 2001. Morbidity and Mortality Weekly Report, 51(15), 
325-329. <Go to ISI>://CABI:20023072276  

Waller, D., & Sampson, A. (2018). Dyspepsia and peptic ulcer disease. In (pp. 401-410). 
https://doi.org/10.1016/B978-0-7020-7167-6.00033-6  

Wang, B. B., & Xue, M. (2023). Early neonatal complications in pregnant women with 
gestational diabetes mellitus and the effects of glycemic control on neonatal infection. 
World Journal of Diabetes, 22(8), 4261.  

Weyand, C. M., & Goronzy, J. J. (2016). Aging of the Immune System. Mechanisms and 
Therapeutic Targets. Annals of the American Thoracic Society, 13(Supplement_5), 
S422-S428. https://doi.org/10.1513/AnnalsATS.201602-095AW  

WHO. (2015). World report on   Ageing And Health. W. H. Organization.  

WHO. (2022). Newborn Mortality (Fact Sheets, Issue. W. H. Organization. 
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-
report-2021 

Wilking, H., Lachmann, R., Holzer, A., Halbedel, S., Flieger, A., & Stark, K. (2021). Ongoing 
High Incidence and Case-Fatality Rates for Invasive Listeriosis, Germany, 2010-
2019. Emerging Infectious Diseases, 27(9), 2485-2488. 
https://doi.org/10.3201/eid2709.210068  

Wilson, H. L., Kennedy, K. J., & Moffatt, C. R. M. (2018). Epidemiology of non-typhoid 
Salmonella infection in the Australian Capital Territory over a 10-year period. Internal 
Medicine Journal, 48(3), 316-323. https://doi.org/10.1111/imj.13625  

World Health Organization. (2012). Global Status Report on Alcohol and Health 2011. W. H. 
Organization.  

Xu, H., Wang, X., & Veazey, R. S. (2013). Mucosal immunology of HIV infection. Immunol 
Rev, 254(1), 10-33. https://doi.org/10.1111/imr.12072  

Yefet, E., Bejerano, A., Iskander, R., Zilberman Kimhi, T., & Nachum, Z. (2023). The 
Association between Gestational Diabetes Mellitus and Infections in Pregnancy—
Systematic Review and Meta-Analysis. Microorganisms, 11, 1956.  

Yibirin, M., De Oliveira, D., Valera, R., Plitt, A. E., & Lutgen, S. (2021). Adverse Effects 
Associated with Proton Pump Inhibitor Use. Cureus, 13(1), e12759. 
https://doi.org/10.7759/cureus.12759  

Yildiz, O., Aygen, B., Esel, D., Kayabas, U., Alp, E., Sumerkan, B., & Doganay, M. (2007). 
Sepsis and meningitis due to <i>Listeria monocytogenes</i>. Yonsei Medical 
Journal, 48(3), 433-439. https://doi.org/10.3349/ymj.2007.48.3.433  

https://doi.org/10.1016/B978-0-7020-7167-6.00033-6
https://doi.org/10.1513/AnnalsATS.201602-095AW
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://www.who.int/news-room/fact-sheets/detail/levels-and-trends-in-child-mortality-report-2021
https://doi.org/10.3201/eid2709.210068
https://doi.org/10.1111/imj.13625
https://doi.org/10.1111/imr.12072
https://doi.org/10.7759/cureus.12759
https://doi.org/10.3349/ymj.2007.48.3.433


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 138 of 162 

Youssef, J., Novosad, S. A., & Winthrop, K. L. (2016). Infection Risk and Safety of 
Corticosteroid Use. Rheum Dis Clin North Am, 42(1), 157-176, ix-x. 
https://doi.org/10.1016/j.rdc.2015.08.004  

Zheng, D., Liwinski, T., & Elinav, E. (2020). Interaction between microbiota and immunity in 
health and disease. Cell Res, 30(6), 492-506. https://doi.org/10.1038/s41422-020-
0332-7  

Ziehm, D., Rettenbacher-Riefler, S., Kreienbrock, L., Campe, A., Pulz, M., & Dreesman, J. 
(2015). Risk factors associated with sporadic salmonellosis in children: a case-
control study in Lower Saxony, Germany, 2008-2011. Epidemiol Infect, 143(4), 687-
694. https://doi.org/10.1017/s095026881400140x  

 

  

https://doi.org/10.1016/j.rdc.2015.08.004
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.1038/s41422-020-0332-7
https://doi.org/10.1017/s095026881400140x


Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 139 of 162 

11. Appendices 

Appendix 1. Bibliographic databases search strategy. ........................................... 137 

Appendix 2. Grey literature search strategy. .......................................................... 139 

Appendix 3. Grey literature data capture tool. ........................................................ 151 

Appendix 4. Expert panel participants. ................................................................... 156 

Appendix 5. Table of notifiable disease-causing organism by countries. ................ 157 

Appendix 6. Reference to specific clinically vulnerable groups according to 

pathogens in reviewed grey literature definitions (n=660). ..................................... 158 

 

  



Examining Vulnerability to Foodborne Illness: A Comprehensive Review of “Clinically Vulnerable Groups” 

Page 140 of 162 

Appendix 1. Bibliographic databases search strategy.  

Web of Science Core Collection (Clarivate): TS=Topic search 

(TS=(“vulnerable populations” OR “vulnerable people” OR “clinically vulnerable groups” OR 

underserved OR disadvantaged OR marginalized OR minorit* OR underprivileged OR at-risk OR 

poverty OR poor OR “social status” OR “social class” OR “low-income population” OR inequality* OR 

“socioeconomic status” OR “socioeconomic factor*” OR deprivation) 

OR TS=(elderly OR geriatric* OR senior OR gerontolog* OR (((age OR aged) NEAR/3 (over OR 

older) NEAR/2 (60 or 65 or 70 or 75 or 80 or 85 or 90 or 95))) OR (older NEAR/1 (adult$ OR m?n OR 

wom?n OR person$ OR people)) OR “middle age” OR (((Age OR aged) NEAR/3 (under OR younger) 

NEAR/2 (5 OR 4 OR 3 OR 2 OR 1))) OR kindergarten OR “child day care” OR “child care” OR 

preschool OR “nursery school” OR infancy OR newborn*OR new-born OR infan* OR neonate* OR 

baby OR babies OR toddler* OR preschool* OR child* OR young* OR youth*) 

OR TS=(diabet* OR “liver disease*” OR cirrhosis OR “kidney disease*” OR alcohol* OR hiv OR 

“human immunodeficiency virus” OR aids OR “autoimmune diseases” OR cancer* OR transplant* OR 

stress OR “gastrointestinal disease*” OR “crohn disease” OR “crohn’s disease” OR 

hyperlipoproteinemia OR “bowel disease” OR “bowel syndrome” OR “bowel disorder” OR malnutrition 

OR “nutritional deficienc*” OR undernutrition OR malnourish* OR “food insecurity” OR pregnancy OR 

smoking OR vaping OR “protein-pump inhibitor*” OR ppi OR “gastro-oesophageal reflux” OR 

immunosuppress* OR immunocompromised OR hypogammaglobulinemia OR immunodeficient* OR 

immunosuppressant* OR neoplasm OR ulcer* OR coeliac OR gastritis OR arthritis OR “immunologic 

factors”)) 

AND (TS=(food OR foodborn* OR food-born* OR “foodborn* disease*” OR “food contamination*” OR 

“food poisoning*”)) AND (TS=(campylobacter* OR “campylobacter infection*” OR salmonell* OR 

“salmonella infections*” OR escherichia OR “e. coli” OR stec OR o157 OR non-o157 OR “escherichia 

coli infections” OR listeria OR listerios* OR norovirus OR caliciviridae OR “norwalk virus” OR 

“norovirus infections” OR toxoplasm*)) 

AND (TS=(australia OR austria OR “baltic states” OR belgium OR canada OR “czech republic” OR 

denmark OR estonia OR finland OR france OR germany OR greece OR hungary OR iceland OR 

ireland OR italy OR latvia OR luxembourg OR netherlands OR “new zealand” OR norway OR poland 

OR portugal OR scandinavia OR “slovak republic” OR slovenia OR spain OR sweden OR switzerland 

OR “united states” OR “western europe” OR “european union” OR “united kingdom” OR britain OR 

england OR scotland OR wales)) 

AND (TS=(incidence* OR prevalence OR outbreak* OR endemic* OR rate* OR occurrence* OR 

epidemic* OR epidemiolog*OR frequenc* OR case* OR infection* OR hospitali*)) 

Publication type=Journal Article 

CABI: CAB Abstracts and Global Health (Clarivate): TS=Topic search, DE=Descriptors search 

(TS=(“vulnerable populations” OR “vulnerable people” OR “clinically vulnerable groups” OR 

underserved OR disadvantaged OR marginalized OR minorit* OR underprivileged OR at-risk OR 

poverty OR poor OR “social status” OR “social class” OR “low-income population” OR inequality* OR 

“socioeconomic status” OR “socioeconomic factor*” OR deprivation) 

OR TS=(elderly OR geriatric* OR senior OR gerontolog* OR (((age OR aged) NEAR/3 (over OR 

older) NEAR/2 (60 or 65 or 70 or 75 or 80 or 85 or 90 or 95))) OR (older NEAR/1 (adult$ OR m?n OR 

wom?n OR person$ OR people)) OR “middle age” OR (((Age OR aged) NEAR/3 (under OR younger) 

NEAR/2 (5 OR 4 OR 3 OR 2 OR 1))) OR kindergarten OR “child day care” OR “child care” OR 

preschool OR “nursery school” OR infancy OR newborn*OR new-born OR infan* OR neonate* OR 

baby OR babies OR toddler* OR preschool* OR child* OR young* OR youth*) 

OR TS=(diabet* OR “liver disease*” OR cirrhosis OR “kidney disease*” OR alcohol* OR hiv OR 

“human immunodeficiency virus” OR aids OR “autoimmune diseases” OR cancer* OR transplant* OR 
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stress OR “gastrointestinal disease*” OR “crohn disease” OR “crohn’s disease” OR 

hyperlipoproteinemia OR “bowel disease” OR “bowel syndrome” OR “bowel disorder” OR malnutrition 

OR “nutritional deficienc*” OR undernutrition OR malnourish* OR “food insecurity” OR pregnancy OR 

smoking OR vaping OR “protein-pump inhibitor*” OR ppi OR “gastro-oesophageal reflux” OR 

immunosuppress* OR immunocompromised OR hypogammaglobulinemia OR immunodeficient* OR 

immunosuppressant* OR neoplasm OR ulcer* OR coeliac OR gastritis OR arthritis OR “immunologic 

factors”)) 

AND (TS=(food OR foodborn* OR food-born* OR “foodborn* disease*” OR “food contamination*” OR 

“food poisoning*”)) AND (TS=(campylobacter* OR “campylobacter infection*” OR salmonell* OR 

“salmonella infections*” OR escherichia OR “e. coli” OR stec OR o157 OR non-o157 OR “escherichia 

coli infections” OR listeria OR listerios* OR norovirus OR caliciviridae OR “norwalk virus” OR 

“norovirus infections” OR toxoplasm*)) 

AND (TS=(incidence* OR prevalence OR outbreak* OR endemic* OR rate* OR occurrence* OR 

epidemic* OR epidemiolog*OR frequenc* OR case* OR infection* OR hospitali*)) 

AND (TS=(australia OR austria OR “baltic states” OR belgium OR canada OR “czech republic” OR 

denmark OR estonia OR finland OR france OR germany OR greece OR hungary OR iceland OR 

ireland OR italy OR latvia OR luxembourg OR netherlands OR “new zealand” OR norway OR poland 

OR portugal OR scandinavia OR “slovak republic” OR slovenia OR spain OR sweden OR switzerland 

OR “united states” OR “western europe” OR “european union” OR “united kingdom” OR britain OR 

england OR scotland OR wales))  

AND (DE=(man)) 

Document type=Journal Article 

MEDLINE (Clarivate): TS=Topic search, MH=MeSH Heading search 

(TS=(“vulnerable populations” OR “vulnerable people” OR “clinically vulnerable groups” OR 

underserved OR disadvantaged OR marginalized OR minorit* OR underprivileged OR at-risk OR 

poverty OR poor OR “social status” OR “social class” OR “low-income population” OR inequality* OR 

“socioeconomic status” OR “socioeconomic factor*” OR deprivation)  

OR TS=(elderly OR geriatric* OR senior OR gerontolog* OR (((age OR aged) NEAR/3 (over OR 

older) NEAR/2 (60 or 65 or 70 or 75 or 80 or 85 or 90 or 95))) OR (older NEAR/1 (adult$ OR m?n OR 

wom?n OR person$ OR people)) OR “middle age” OR (((Age OR aged) NEAR/3 (under OR younger) 

NEAR/2 (5 OR 4 OR 3 OR 2 OR 1))) OR kindergarten OR “child day care” OR “child care” OR 

preschool OR “nursery school” OR infancy OR newborn*OR new-born OR infan* OR neonate* OR 

baby OR babies OR toddler* OR preschool* OR child* OR young* OR youth*) 

OR TS=(diabet* OR “liver disease*” OR cirrhosis OR “kidney disease*” OR alcohol* OR hiv OR 

“human immunodeficiency virus” OR aids OR “autoimmune diseases” OR cancer* OR transplant* OR 

stress OR “gastrointestinal disease*” OR “crohn disease” OR “crohn’s disease” OR 

hyperlipoproteinemia OR “bowel disease” OR “bowel syndrome” OR “bowel disorder” OR malnutrition 

OR “nutritional deficienc*” OR undernutrition OR malnourish* OR “food insecurity” OR pregnancy OR 

smoking OR vaping OR “protein-pump inhibitor*” OR ppi OR “gastro-oesophageal reflux” OR 

immunosuppress* OR immunocompromised OR hypogammaglobulinemia OR immunodeficient* OR 

immunosuppressant* OR neoplasm OR ulcer* OR coeliac OR gastritis OR arthritis OR “immunologic 

factors”)) 

AND (TS=(food OR foodborn* OR food-born* OR “foodborn* disease*” OR “food contamination*” OR 

“food poisoning*”)) AND (TS=(campylobacter* OR “campylobacter infection*” OR salmonell* OR 

“salmonella infections*” OR escherichia OR “e. coli” OR stec OR o157 OR non-o157 OR “escherichia 

coli infections” OR listeria OR listerios* OR norovirus OR caliciviridae OR “norwalk virus” OR 

“norovirus infections” OR toxoplasm*)) 

AND (TS=(incidence* OR prevalence OR outbreak* OR endemic* OR rate* OR occurrence* OR 

epidemic* OR epidemiolog*OR frequenc* OR case* OR infection* OR hospitali*)) 
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AND (TS=(australia OR austria OR “baltic states” OR belgium OR canada OR “czech republic” OR 

denmark OR estonia OR finland OR france OR germany OR greece OR hungary OR iceland OR 

ireland OR italy OR latvia OR luxembourg OR netherlands OR “new zealand” OR norway OR poland 

OR portugal OR scandinavia OR “slovak republic” OR slovenia OR spain OR sweden OR switzerland 

OR “united states” OR “western europe” OR “european union” OR “united kingdom” OR britain OR 

england OR scotland OR wales))  

AND (MH=(humans)) 

Publication type=Journal Article 

Appendix 2. Grey literature search strategy. 

UK Health Security Agency (UKHSA) 

site: gov.uk “health security agency” AND campylobacter AND (risk OR vulnerable OR susceptible) 

AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: gov.uk “health security agency” AND salmonella AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: gov.uk “health security agency” AND (Escherichia OR e. coli) AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: gov.uk “health security agency” AND listeria AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: gov.uk “health security agency” AND norovirus AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: gov.uk “health security agency” AND (campylobacter OR salmonella OR escherichia OR e. coli 

OR listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

 

Food Standards Agency (FSA) 

site: food.gov.uk campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: food.gov.uk salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: food.gov.uk (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: food.gov.uk listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: food.gov.uk norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: food.gov.uk (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Food Standards Scotland (FSS) 

site: foodstandards.gov.scot campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 
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site: foodstandards.gov.scot salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.scot (Escherichia OR e.coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.scot listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.scot norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.scot (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Advisory Committee on the Microbiological Safety of Food 

site: acmsf.food.gov.uk campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: acmsf.food.gov.uk salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: acmsf.food.gov.uk (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: acmsf.food.gov.uk listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: acmsf.food.gov.uk norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: acmsf.food.gov.uk (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Department for Environment, Food and Rural Affairs (DEFRA) 

site: defra.gov.uk campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: defra.gov.uk salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: defra.gov.uk (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: defra.gov.uk listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: defra.gov.uk norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

 

British Retail Consortium (BRC) 

site: brc.org.uk campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 
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site: brc.org.uk salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: brc.org.uk (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: brc.org.uk listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: brc.org.uk norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: brc.org.uk (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Food Safety Authority of Ireland (FSAI)  

site: fsai.ie campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fsai.ie salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: fsai.ie (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: fsai.ie listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR 

"food contamination" OR “food safety”) 

site: fsai.ie norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: fsai.ie (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

Safefood 

site: safefood.net campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: safefood.net salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: safefood.net (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: safefood.net listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: safefood.net norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: safefood.net (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Food Standards Australia New Zealand (FSANZ)  
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site: foodstandards.gov.au campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.au salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.au (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.au listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.au norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodstandards.gov.au (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Department of Agriculture, Fisheries and Forestry (DAFF) 

site: agriculture.gov.au campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.gov.au salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.gov.au (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.gov.au listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.gov.au norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.gov.au (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

New South Wales Food Authority (NSW Food Authority) 

site: foodauthority.nsw.gov.au campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodauthority.nsw.gov.au salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodauthority.nsw.gov.au (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodauthority.nsw.gov.au listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodauthority.nsw.gov.au norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 
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site: foodauthority.nsw.gov.au (campylobacter OR salmonella OR escherichia OR e. coli OR listeria 

OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR 

"food contamination" OR “food safety”) 

 

New South Wales Department for Primary Industries 

site: dpi.nsw.gov.au campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: dpi.nsw.gov.au salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: dpi.nsw.gov.au (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: dpi.nsw.gov.au listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: dpi.nsw.gov.au norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: dpi.nsw.gov.au (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Public Health Agency of Canada (PHAC) 

site: www.canada.ca/en/public-health campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/public-health salmonella AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/public-health (Escherichia OR e. coli) AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/public-health listeria AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/public-health norovirus AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/public-health (campylobacter OR salmonella OR escherichia OR e. coli OR 

listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

 

Health Canada 

site: www.canada.ca/en/health-canada campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/health-canada salmonella AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/health-canada (Escherichia OR e. coli) AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 
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site: www.canada.ca/en/health-canada listeria AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/health-canada norovirus AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.canada.ca/en/health-canada (campylobacter OR salmonella OR escherichia OR e. coli OR 

listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

 

Canadian Food Inspection Agency (CFIA) 

site: inspection.canada.ca/eng campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: inspection.canada.ca/eng salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: inspection.canada.ca/eng (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: inspection.canada.ca/eng listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: inspection.canada.ca/eng norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: inspection.canada.ca/eng (campylobacter OR salmonella OR escherichia OR e. coli OR listeria 

OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR 

"food contamination" OR “food safety”) 

 

Agriculture and Agri-Food Canada (AAFC) 

site: agriculture.canada.ca/en campylobacter AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.canada.ca/en salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.canada.ca/en (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.canada.ca/en listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.canada.ca/en norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: agriculture.canada.ca/en (campylobacter OR salmonella OR escherichia OR e. coli OR listeria 

OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR 

"food contamination" OR “food safety”) 

 

Health Products and Food Branch, Health Canada (HPFB) 

site: canada.ca “Health Products and Food Branch” AND campylobacter AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 
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site: canada.ca “Health Products and Food Branch” salmonella AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: canada.ca “Health Products and Food Branch” AND (Escherichia OR e. coli) AND (risk OR 

vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food 

safety”) 

site: canada.ca “Health Products and Food Branch” AND listeria AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: canada.ca “Health Products and Food Branch” AND norovirus AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: canada.ca “Health Products and Food Branch” AND (campylobacter OR salmonella OR 

escherichia OR e. coli OR listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

 

Center for Food Safety and Applied Nutrition (CFSAN), U.S. Food and Drug Administration 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND campylobacter AND (risk OR 

vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food 

safety”) 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND salmonella AND (risk OR 

vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food 

safety”) 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND (Escherichia OR e. coli) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND listeria AND (risk OR vulnerable 

OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND norovirus AND (risk OR 

vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food 

safety”) 

site: www.fda.gov “Center for Food Safety and Applied Nutrition” AND (campylobacter OR salmonella 

OR escherichia OR e. coli OR listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

 

Centers for Disease Control and Prevention (CDC)  

site: www.cdc.gov campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.cdc.gov salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.cdc.gov (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.cdc.gov listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.cdc.gov norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 
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site: www.cdc.gov (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

U.S. Food and Drug Administration (FDA) 

site: fda.gov campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fda.gov salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fda.gov (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: fda.gov listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: fda.gov norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: fda.gov (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

 

Food Service and Inspection Service (FSIS), U.S. Department of Agriculture 

site: fsis.usda.gov campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fsis.usda.gov salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fsis.usda.gov (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fsis.usda.gov listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fsis.usda.gov norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fsis.usda.gov (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

International Food Protection Training Institute (IFPTI) 

site: ifpti.org campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: ifpti.org salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: ifpti.org (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 
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site: ifpti.org listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: ifpti.org norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: ifpti.org (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

U.S. Department of Agriculture 

site: usda.gov campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: usda.gov salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: usda.gov (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: usda.gov listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: usda.gov norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: usda.gov (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

The Partnership for Food Safety Education 

site: fightbac.org campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fightbac.org salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fightbac.org (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fightbac.org listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fightbac.org norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: fightbac.org (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

International Food Information Council (IFIC) 

site: ific.org campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: ific.org salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 
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site: ific.org (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: ific.org listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: ific.org norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: ific.org (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

 

International Association for Food Protection (IAFP) 

site: foodprotection.org campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodprotection.org salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: foodprotection.org (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND 

(foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: foodprotection.org listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: foodprotection.org norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: foodprotection.org (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR 

norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

The International Commission on Microbiological Specifications for Foods (ICMSF) 

site: icmsf.org campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: icmsf.org salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: icmsf.org (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

site: icmsf.org listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

site: icmsf.org norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: icmsf.org (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

World Health Organization (WHO) 
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site: www.who.int campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.who.int salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.who.int (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: www.who.int listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.who.int norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: www.who.int (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

FAO/WHO International Food Safety Authorities Network (INFOSAN)  

Infosan AND campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

Infosan AND salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

Infosan AND (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 

Infosan AND listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" 

OR "food contamination" OR “food safety”) 

Infosan AND norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

Infosan AND (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) AND 

(risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" 

OR “food safety”) 

 

Global Food Safety Initiative (GFSI) 

site: mygfsi.com campylobacter AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: mygfsi.com salmonella AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: mygfsi.com (Escherichia OR e. coli) AND (risk OR vulnerable OR susceptible) AND (foodborne 

OR "food poisoning" OR "food contamination" OR “food safety”) 

site: mygfsi.com listeria AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 

site: mygfsi.com norovirus AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food 

poisoning" OR "food contamination" OR “food safety”) 
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site: mygfsi.com (campylobacter OR salmonella OR escherichia OR e. coli OR listeria OR norovirus) 

AND (risk OR vulnerable OR susceptible) AND (foodborne OR "food poisoning" OR "food 

contamination" OR “food safety”) 

 

Joint FAO/WHO Expert Committee on Food Additives (JECFA) 

site: fao.org/food-safety/resources/publications/en/ campylobacter AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fao.org/food-safety/resources/publications/en/ salmonella AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fao.org/food-safety/resources/publications/en/ (Escherichia OR e. coli) AND (risk OR vulnerable 

OR susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fao.org/food-safety/resources/publications/en/ listeria AND (risk OR vulnerable OR susceptible) 

AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fao.org/food-safety/resources/publications/en/ norovirus AND (risk OR vulnerable OR 

susceptible) AND (foodborne OR "food poisoning" OR "food contamination" OR “food safety”) 

site: fao.org/food-safety/resources/publications/en/ (campylobacter OR salmonella OR escherichia 

OR e. coli OR listeria OR norovirus) AND (risk OR vulnerable OR susceptible) AND (foodborne OR 

"food poisoning" OR "food contamination" OR “food safety”) 
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Appendix 3. Grey literature data capture tool. 
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Appendix 4. Expert panel participants. 

 

  

Name Position Organisation Country 

Alicyn Dickman Research Dietitian The Ohio State University United States 

Andrea Nesbitt Acting Manager Public Health Agency of Canada Canada 

Angela Webb Foodborne illness Policy Food Standards Agency United Kingdom 

Cecile Punzalan Medical Officer FDA CFSAN United States 

Delyth James Professor of Health Psychology in Pharmacy Practice Cardiff Metropolitan University United Kingdom 

Elizabeth Redmond Professor of Food Safety, Health and Behaviour ZERO2FIVE Food Industry Centre United Kingdom 

Ian Young Associate Professor  Toronto Metropolitan University Canada 

Jeff Farber Adjunct Professor  University of Guelph Canada 

Jeffrey T. LeJeune  Food Safety Officer Food and Agriculture Organization of the United Nations Italy 

Jennifer Quinlan Professor and Executive Director of the Integrated Food Security Research Center  Prairie View A&M University United States 

Kate Thomas Manager Public Health Agency of Canada Canada 

Nicol Janecko Bioscience Career-track group leader Quadram Institute United Kingdom 

Philip Calder Professor of Nutritional Immunology University of Southampton United Kingdom 

Roberto Vivancos Consultant Epidemiologist UK Health Security Agency United Kingdom 

Rohini Joanna Manuel Consultant Microbiologist UK Health Security Agency United Kingdom 

Sarah O’Brien Professor of Translational Agritechnology Newcastle University United Kingdom 

Shauna C. Henley Senior Family & Consumer Sciences Agent University of Maryland Extension United States 

Stephen Parker Director Foodborne illness and AMR Surveillance Public Health Agency of Canada Canada 

Wayne Anderson Director Food Science and Standards Food Safety Authority of Ireland Ireland 

Wieke van der Vossen Food safety expert and food database project leader The Netherlands Nutrition Centre Netherlands 
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Appendix 5. Table of notifiable disease-causing organism by countries. 

 

Organism US UK Canada Australia New Zealand Europe Scotland Ireland 

Bacillus cereus   ✓     ✓ ✓ 

Campylobacter spp. ✓ ✓ ✓ ✓ ✓  ✓ ✓ 

Cronobacter spp. ✓        

Clostridium botulinum (botulism) ✓ ✓ ✓ ✓  ✓  ✓ 

Clostridium perfringens  ✓     ✓ ✓ 

CJD   ✓ ✓ ✓ ✓  ✓ 

Cryptosporidium spp.  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Cyclospora spp. ✓  ✓      

Giardia lamblia ✓ ✓ ✓  ✓ ✓ ✓ ✓ 

Hepatitis A ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Hepatitis E  ✓  ✓   ✓ ✓ 

Listeria monocytogenes ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Norovirus   ✓    ✓ ✓ 

Salmonella spp. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Shiga toxin-producing Escherichia coli  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Shigella spp. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Toxoplasma gondii      ✓ ✓ ✓ 

Trichinella spp. ✓  ✓     ✓ 

Vibrio spp. (other than cholera) ✓        

Yersinia enterocolitica     ✓ ✓ ✓ ✓` 
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Appendix 6. Reference to specific clinically vulnerable groups according to pathogens in reviewed grey literature definitions (n=660). 

 

Clinically vulnerable groups 
L. monocytogenes Campylobacter E. coli Salmonella Norovirus 

Non-specific 
foodborne 
pathogens 

n % n % n % n % n % n % 

Pregnant individuals/unborn infants 265 40% 20 3% 24 4% 40 6% 6 1% 94 14% 

Older adults 242 37% 42 6% 71 11% 121 18% 16 2% 121 18% 

General weakened immune system 226 34% 22 3% 44 7% 98 15% 17 3% 92 14% 

Neonates / newly delivered infants 160 24% 10 2% 11 2% 41 6% 2 0% 23 3% 

People with cancer (unspecified) 44 7% 5 1% 3 0% 13 2% 0 0% 14 2% 

People with HIV/AIDS 41 6% 8 1% 1 0% 10 2% 0 0% 17 3% 

People with diabetes 38 6% 4 1% 1 0% 6 1% 0 0% 20 3% 

Other chronic conditions (e.g. cardiovascular, kidney, liver 
diseases) 

35 5% 4 1% 1 0% 4 1% 0 0% 18 3% 

Transplant recipients 32 5% 3 0% 2 0% 9 1% 0 0% 12 2% 

Children 23 3% 40 6% 81 12% 105 16% 15 2% 119 18% 

People with cancer (immunosuppressive treatment) 22 3% 4 1% 2 0% 1 0% 0 0% 10 2% 

Other medication related vulnerabilities  19 3% 2 0% 0 0% 0 0% 0 0% 4 1% 

People with alcohol use disorders (incl. alcoholic liver disease) 14 2% 0 0% 0 0% 0 0% 0 0% 4 1% 

People with IBD/IBS/Crohn’s 4 1% 0 0% 0 0% 0 0% 0 0% 2 0% 

People with cancer (radiation therapy) 3 0% 0 0% 0 0% 0 0% 0 0% 4 1% 

Other autoimmune diseases 1 0% 0 0% 0 0% 1 0% 0 0% 3 0% 

People prescribed proton-pump inhibitors 1 0% 1 0% 0 0% 3 0% 0 0% 2 0% 

People with Multiple Sclerosis 0 0% 0 0% 0 0% 0 0% 0 0% 1 0% 

People with Rheumatoid Arthritis 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 

Eating disorders (malnourished) 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 
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