
Food Microbiology and Food Safety
Practical Approaches

Food
Allergens

Tong-Jen Fu
Lauren S. Jackson
Kathiravan Krishnamurthy
Wendy Bedale Editors

Best Practices for Assessing, Managing
and Communicating the Risks



More information about this series at http://www.springer.com/series/7131

Food Microbiology and Food Safety

Series Editor:

Michael P. Doyle

http://www.springer.com/series/7131


Food Microbiology and Food Safety Series

The Food Microbiology and Food Safety series is published in conjunction with the 
International Association for Food Protection, a non-profit association for food 
safety professionals. Dedicated to the life-long educational needs of its Members, 
IAFP provides an information network through its two scientific journals (Food 
Protection Trends and Journal of Food Protection), its educational Annual Meeting, 
international meetings and symposia, and interaction between food safety 
professionals.

Series Editor

Michael P. Doyle, Regents Professor and Director of the Center for Food Safety,
University of Georgia, Griffith, GA, USA

Editorial Board

Francis F. Busta, Director, National Center for Food Protection and Defense, 
University of Minnesota, Minneapolis, MN, USA
Patricia Desmarchelier, Food Safety Consultant, Brisbane, Australia
Jeffrey Farber, Food Science, University of Guelph, ON, Canada
Vijay Juneja, Supervisory Lead Scientist, USDA-ARS, Philadelphia, PA, USA
Manpreet Singh, Department of Food Sciences, Purdue University, West Lafayette, 
IN, USA
Ruth Petran, Vice President of Food Safety and Pubic Health, Ecolab, Eagan, 
MN, USA
Elliot Ryser, Department of Food Science and Human Nutrition, Michigan State 
University, East Lansing, MI, USA

﻿



Tong-Jen Fu  •  Lauren S. Jackson  
Kathiravan Krishnamurthy  •  Wendy Bedale
Editors

Food Allergens
Best Practices for Assessing, Managing  
and Communicating the Risks



Food Microbiology and Food Safety
ISBN 978-3-319-66585-6        ISBN 978-3-319-66586-3  (eBook)
DOI 10.1007/978-3-319-66586-3

Library of Congress Control Number: 2017956898

© Springer International Publishing AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Tong-Jen Fu
Division of Food Processing Science  
and Technology
U.S. Food and Drug Administration
Bedford Park, IL, USA

Kathiravan Krishnamurthy
Department of Food Science and Nutrition
Institute for Food Safety and Health 
Illinois Institute of Technology
Bedford Park, IL, USA

Lauren S. Jackson
Division of Food Processing Science  
and Technology
U.S. Food and Drug Administration
Bedford Park, IL, USA

Wendy Bedale
Food Research Institute
University of Wisconsin-Madison
Madison, WI, USA



v

Preface

Food allergies are a significant public health concern, affecting up to 15 million 
Americans, and there is evidence that the prevalence of food allergies is increasing. 
Protecting consumers with food allergies requires an integrative approach that 
involves all sectors of the food industry and engages all who take part in the manu-
facture, preparation, and service of foods. Success can only be achieved with a 
broad awareness of the severity of food allergic reactions, a clear understanding of 
risk factors, and implementation of allergen control best practices. Significant 
advances have been made over the past two decades in our understanding of food 
allergens and in the development of control measures to minimize the public health 
risks associated with them (e.g., issuance of allergen labeling regulations, develop-
ment of guidelines for managing allergens in food production and food service 
operations, and establishment of food allergy policies in communities and schools). 
However, broad and successful implementation of allergen controls is still needed. 
Many gaps exist, including the lack of hazard analysis and risk management 
approaches tailored to the needs of specific types of operation, absence of detailed 
documentation on best practices, insufficient dissemination of available information 
and resources to stakeholders, and shortage of tools and programs to train staff.

It is with these challenges in mind that a symposium entitled “Food Allergens: 
Best Practices for Assessing, Managing and Communicating the Risks” was held on 
October 14–15, 2015, in Burr Ridge, Illinois, to provide a forum where researchers, 
clinicians, and subject matter experts from the government, the packaged food and 
food service industries, academic institutions, and consumer groups came together 
and shared information, discussed current efforts, and recommended ways to 
address public health issues associated with food allergens.

This book, composed mostly of papers presented at the symposium, provides the 
most up-to-date information on allergen risk factors and innovative control mea-
sures applicable to different segments of the food chain, including manufacturers of 
packaged food, restaurants and other food service establishments, and at home. 
Key legislative initiatives that are in various stages of development and implementa-
tion at the federal, state, and community levels are also highlighted. The resources 
presented and experience shared will assist stakeholders in establishing best practices 
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that meet the needs of their specific operations for the assessment, management, and 
communication of food allergen risks.

Effective dissemination of allergen management information to all stakeholders 
across the entire food chain is needed. This will require strengthening the nation’s 
education and outreach infrastructure and building expertise on identifying food 
allergen risks and developing allergen control measures. Enforcing compliance with 
existing regulations plays an important role in ensuring that allergen controls are 
effectively implemented. Proper training of state and local inspectors is critical. 
The information presented in this book will facilitate the development of educa-
tional materials and allergen management training programs for food production 
and service staff, extension specialists, and government inspectors. Consumers and 
other food safety professionals will also benefit from the information presented 
which will help them recognize and understand allergen control measures that are 
put in place across the food chain.

We are indebted to the authors for their efforts and cooperation in the development 
of this book. We acknowledge USDA NIFA for providing the conference grant 
(Grant # 2015-68003-23310) in support of the symposium. We also acknowledge 
the sponsorship of EcoLab, Emport LLC, Grantek, IEH Laboratories, Kerry Group, 
Kikkoman, Marshfield food safety LLC, Neogen Corporation, Northland 
Laboratories, PepsiCo, and QualySense. We thank Dr. Charles Czuprynski at Food 
Research Institute, University of Wisconsin, Dr. Stephen Taylor and Dr. Joseph 
Baumert at the Food Allergy Research and Resource Program, University of 
Nebraska, Dr. Steve Gendel (IEH Laboratories and Consulting Group), David 
Crownover (National Restaurant Association), Susan Estes (PepsiCo, retired), 
Dr. Jon DeVries (General Mills, retired), and Jennifer Jobrack (FARE) for their help 
in the organization of the symposium.

Bedford Park, IL, USA		  Tong-Jen Fu 
Bedford Park, IL, USA � Lauren S. Jackson 
Bedford Park, IL, USA � Kathiravan Krishnamurthy 
Madison, WI, USA � Wendy Bedale
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Chapter 1
Best Practices for Assessing, Managing, 
and Communicating Food Allergen Risks: 
An Introduction

Tong-Jen Fu, Lauren S. Jackson, and Kathiravan Krishnamurthy

1.1  �Introduction

Food allergy is defined as an adverse health effect arising from a specific immune 
response that occurs reproducibly on exposure to a given food (Boyce et al. 2010). 
Allergic reactions to food can affect various parts of the body causing gastrointesti-
nal discomfort (e.g., nausea, vomiting, abdominal pain, diarrhea), skin irritations 
(e.g., hives, atopic dermatitis, swelling of the face), respiratory disorders (e.g., 
wheezing, nasal congestion, breathing difficulty), or cardiovascular problems (e.g., 
irregular pulse, severe drop in blood pressure). Symptoms can range from mild to 
severe, including potentially life-threatening anaphylaxis (FDA 2017). If not treated 
immediately, anaphylactic reactions can be fatal. In the event of serious allergic 
reactions, immediate treatment with epinephrine is critical. Delayed administration 
of epinephrine has been associated with fatalities (Bock et al. 2001, 2007; Muñoz-
Furlong and Weiss 2009).

Food allergy is a significant public health concern, affecting 5% of young chil-
dren and 4% of teens and adults in the U.S. (Boyce et al. 2010). There are indica-
tions that the prevalence of food allergies is rising. Among U.S. children aged 
0–17 years, the prevalence of food allergies increased by approximately 50% from 
1997 to 2011 (Jackson et al. 2013). The economic impact associated with food aller-
gies is significant. In the U.S., the total cost of caring for children with food aller-
gies, including direct medical expenses and costs borne by the family, is estimated 
to be $24.8 billion/year (Gupta et al. 2013).

T.-J. Fu (*) • L.S. Jackson 
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Food allergens are the components within foods that trigger adverse immuno-
logic reactions (Boyce et al. 2010; NASEM 2016). More than 160 foods have been 
reported to cause allergic reactions (Hefle et al. 1996). However, eight foods (milk, 
eggs, fish, crustacean shellfish, tree nuts, peanuts, wheat, and soybeans) account for 
90% of all food allergy cases in the U.S. (U.S. Code 2004). Milk and egg allergies 
are more prevalent among young children, whereas seafood (fish and shellfish) 
allergies are more prevalent among adults (Boyce et al. 2010). Most children out-
grow their allergies to milk and egg, but allergies to peanuts or tree nuts tend to 
persist throughout life (Sampson 2004).

To date, there is no known cure for food allergies. Strict avoidance of the aller-
genic food of concern remains the only effective means to prevent allergic reactions. 
Avoidance of allergens of concern can be difficult to achieve as foods consumed by 
allergic individuals are often produced, prepared or served by others. Consumers 
can be exposed to food allergens through a number of different routes, including 
packaged foods purchased at grocery/retail stores, meals consumed at restaurants or 
other foodservice establishments, or foods prepared at school, at community events, 
or at home. Inadvertent exposures can occur and result in serious consequences. 
Bock and Atkins (1989) reported that 50% and 75% of peanut allergic children aged 
2–14 years had adverse reactions caused by accidental peanut exposure 1 year and 
5 years prior to the study, respectively. A recent Canadian study of 1941 peanut 
allergic children yielded a 12.4% annual rate of accidental exposure to peanuts 
(Cherkaoui et al. 2015).

Examination of the 63 fatalities reported to the Food Allergy and Anaphylaxis 
Network registry from 1994 to 2006 revealed several major causes contributing to 
the fatal reactions (Muñoz-Furlong and Weiss 2009; Bock et  al. 2001, 2007). 
Children or young adults aged 11–30 years comprised three-fourths of the fatalities. 
Eighty-seven percent of the fatalities were caused by peanuts or tree nuts. Almost 
half (46%) of the food items involved originated from restaurants or other food 
establishments. Packaged food items caused 27% of the fatalities. About 16% of the 
fatalities occurred in a school, child care, or university setting. Other locations 
where fatal reactions occurred included home and community settings such as 
camps, carnival, at work, or in the office.

Analysis of the anaphylaxis data obtained in the U.K. over a 21-year period 
(1992–2012) showed a similar trend (Turner et al. 2014). The mean age of the 124 
fatalities likely to be caused by ingestion of a food allergen was 25 years. For the 95 
fatalities where the food trigger was known, 73% were caused by peanuts or tree 
nuts. Twenty-seven percent of the fatalities were triggered by allergen ingestion in 
the patient’s own home, whereas 20% occurred in restaurants. In the 100 cases 
where the food source was identified, 27% were caused by consumption of prepack-
aged foods, while 59% of reactions were due to food products provided by a cater-
ing establishment.

Allergens can be introduced into food via several routes. They can be added 
intentionally as ingredients. They can be inadvertently incorporated in packaged 
foods due to incorrect labeling, production errors or allergen cross-contact (Jackson 

T.-J. Fu et al.
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et al. 2008). Foods served in restaurants or other food establishments and in the 
home can inadvertently become contaminated with allergens through similar mech-
anisms. Finally, allergens can be potentially introduced into food through modern 
biotechnology methods (Nordlee et al. 1996).

From a public health perspective, the key principle in managing food allergen 
risk is to prevent inadvertent exposure to sensitive individuals. This can be achieved 
by requiring accurate food allergen labeling on packaged food, by clearly commu-
nicating the presence of allergenic ingredients in meals served in restaurants and 
other food establishments, and by placing appropriate control measures to prevent 
allergen cross-contact during food manufacture, storage, preparation, and service. 
In the case of genetically engineered foods, risk management can be accomplished 
by conducting a premarket assessment and evaluating the allergenic potential of 
newly introduced proteins (FAO/WHO 2001; Codex 2003).

In the past two decades, significant advances have been made in our understand-
ing of food allergens, in the identification of risk factors associated with them, and 
in the development of control measures to mitigate these risks. Significant progress 
has also been made in our ability to manage food allergies as a society, including 
improvements in the ability to recognize food allergy symptoms and a greater avail-
ability of epinephrine in schools and other public entities. Key advances and chal-
lenges that remain on allergen control in food manufacturing facilities, foodservice 
establishments, other community settings, and in the home are summarized below.

1.2  �Managing Allergens in Food: Current Status

1.2.1  �Allergen Management in the Packaged Food Industry

Consumers rely on accurate food labels to reveal the presence of allergenic ingredi-
ents. The Food Allergen Labeling and Consumer Protection Act (FALCPA) requires 
manufacturers of packaged food to clearly disclose ingredients derived from eight 
major allergenic food groups (U.S. Code 2004). Similar food allergen labeling regu-
lations have also been enacted in other countries, although the list of priority aller-
gens, the process for modifying this list, and the approach to labeling declaration 
may differ (Gendel 2012).

FALCPA has been in effect for more than a decade, but undeclared allergens 
continue to be the leading cause of food recalls in the U.S. (Gendel and Zhu 2013). 
The number of allergen recalls for FDA-regulated food products more than doubled 
(from 78 to 189) during fiscal years 2007 to 2012 (Gendel and Zhu 2013). The per-
centage of reportable food incidences due to undeclared allergens increased from 
30% in fiscal year 2010 to 47% in fiscal year 2014 (FDA 2016a). Bakery products 
were the most frequently recalled food type, and milk was the most frequently 
undeclared major food allergen, possibly due to the many forms of milk and milk-
derived ingredients that are used in packaged foods (Gendel and Zhu 2013).

1  Best Practices for Assessing, Managing, and Communicating Food…
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Root-cause analyses suggested that failures in label controls were the leading 
cause of food allergen recalls, responsible for 67% of all recalls with a known root 
cause (Gendel and Zhu 2013). Failure to declare major food allergens, use of the 
wrong package or wrong label, terminology problems, or lack of carry-through of 
an allergen declaration from an ingredient were the major causes of labeling errors. 
An analysis of recalls on products regulated by the U.S. Food Safety and Inspection 
Service (meat, poultry, and certain egg products) showed similar results (Hale 
2017). In 263 recalls that occurred during 2005–2015, labeling errors (incorrect 
label, package, or ingredient statement, missing ingredient statement, or statement 
omitting allergens known to be present) were the cause for the majority (63%) of the 
recalls. These results highlight the need for the packaged food industry to research, 
develop, and implement effective label management programs to ensure accurate 
and proper allergen labeling.

Current labeling regulations deal only with allergens that are knowingly added as 
ingredients. They do not address allergens inadvertently introduced into food as a 
result of production errors or cross-contact during manufacture and storage. Allergen 
cross-contact was the cause of 8% of the FDA and 10% of the FSIS recalls men-
tioned above (Gendel and Zhu 2013; Hale 2017). Allergen cross-contact that may 
arise in food manufacturing facilities include in-process or post-process cross-
contact, errors in handling of rework, improper production sequences which result 
in one product contaminating a subsequent product, and insufficient or ineffective 
equipment cleaning/sanitation procedures at product changeover (Jackson et  al. 
2008). To prevent the inadvertent introduction of allergens into food, it is critical for 
manufacturers to develop and implement preventive control measures through the 
application of supplier controls, production sequencing, physical separation, clean-
ing and sanitation, and process design (Gendel and Zhu 2013).

The importance of implementing food allergen control programs has been recog-
nized by the U.S. government, as reflected in the Food Safety Modernization Act 
(FSMA) that was signed into law in 2011. The FSMA Preventive Controls for 
Human Food Rule (FDA 2016b) requires each food production facility to prepare 
and implement a written food safety plan describing practices and procedures for 
controlling food safety hazards. Required in the food safety plan are allergen pre-
ventive controls, which must be implemented to provide assurance that allergen 
hazards are significantly minimized or prevented at all phases of food manufacture 
and storage.

The Preventive Controls Rule does not specify what considerations need to be 
included in an allergen control plan (ACP), but elements of effective allergen 
controls have been described (Taylor and Hefle 2005). The key principles and 
considerations involved in successful allergen management during food produc-
tion have also been discussed (Stone and Yeung 2010). A number of other 
resources aimed at helping food manufacturers develop their own allergen control 
programs include “Managing Allergens in Food Processing Establishments,” pub-
lished by the Grocery Manufacturers Association (GMA 2009), and “Components 
of an effective allergen control plan: A framework for food processors,” devel-
oped by the University of Nebraska Food Allergy Research and Resource Program 
(FARRP 2009).

T.-J. Fu et al.
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Despite the availability of resources, broad implementation of allergen controls 
across the packaged food industry is still lacking. A recent survey of food allergen 
control practices in the U.S. indicated that awareness and the use of allergen con-
trols have increased significantly in the last decade, but important gaps still exist 
(Gendel et al. 2013). Approximately 20% of surveyed facilities did not declare all of 
the major food allergens used, and approximately 30% of these facilities did not 
protect products from cross-contact during production. A relatively large proportion 
of small food manufacturing facilities did not implement all of the controls needed 
to prevent cross-contact. While written procedures and records were used by all of 
the large facilities, only 40% of small facilities had written cleaning procedures, and 
only 28% of the small facilities kept written records. The report suggested that these 
gaps can be addressed through development of guidance and education programs 
(Gendel et al. 2013).

Small food manufacturing facilities are in need of allergen control programs that 
are tailored to their specific facilities, processing lines, equipment, operations, and 
training needs. Availability of model ACP and clear demonstration (e.g., through 
outreach and other education programs) of best practices for each stage of food 
manufacture including hazard analysis, supplier controls, allergen label controls, 
cross-contact controls, and staff training are essential to enable small facilities to 
implement and effectively execute allergen control programs.

Even with the advances made in allergen removal from shared equipment, tools, 
or processing lines (see Chaps. 8 and 10), allergen cross-contact can still occur due 
to the use of improperly designed equipment or less effective cleaning methods, 
e.g., dry-cleaning instead of the more effective wet-cleaning methods in chocolate 
manufacturing facilities (Jackson et  al. 2008). Precautionary allergen labeling 
(PAL) or advisory labeling such as “may contain” or “manufactured on equipment 
that also processes” is used by food manufacturers on a voluntary basis to alert con-
sumers to the possible presence of an allergen in a food product. FDA advises that 
advisory labeling should be truthful and not misleading and should not be used in 
lieu of adherence to current Good Manufacturing Practices (FDA 2006).

The use of PAL in packaged foods is widespread. A survey of more than 20,000 
unique products sold in U.S. supermarkets found that 17% contained advisory labels, 
and more than 50% of the chocolate candy or cookie products surveyed had PAL 
(Pieretti et al. 2009). Twenty-five different types of advisory statements were used 
among 98 products that contained advisory labels (Pieretti et al. 2009). The effective-
ness of PAL, as currently practiced, in alerting consumers about food allergen risks 
has been questioned (NASEM 2016; DunnGalvin et  al. 2015; Marchisotto et  al. 
2017). Multiple studies analyzing allergen content in food products have demon-
strated that the presence or absence of PAL does not correlate with health risks. Food 
products with PAL often do not contain detectable allergen residues, while products 
without PAL can contain significant levels of allergens (Crotty and Taylor 2010; Ford 
et al. 2010; Khuda et al. 2016; Bedford et al. 2017). Similarly, no correlation exists 
between the level of detectable allergens and the type of statement used in PAL 
(Crotty and Taylor 2010; Bedford et al. 2017). The lack of correlation between PAL 
and allergen risks has led to the recommendation that allergic consumers should 
avoid advisory-labeled products (Taylor and Hefle 2006; Ford et al. 2010).

1  Best Practices for Assessing, Managing, and Communicating Food…
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Inconsistency in the use of PAL in packaged food has generated a great deal of 
confusion and misconceptions among consumers. It has unnecessarily limited the 
food choice for many allergic individuals and has also contributed to reduced 
avoidance and increased risk-taking by allergic consumers who often ignore PAL 
(Hefle et al. 2007; DunnGalvin et al. 2015; Marchisotto et al. 2017). A survey of 
consumers’ knowledge of PAL and its impact on purchasing habits of food-allergic 
individuals and caregivers in the U.S. and Canada reported that up to 40% of sur-
veyed consumers purchased products with PAL and that buying practices varied 
depending on the particular PAL used. More than a third of consumers perceived 
that different PAL statements indicated different amounts of allergens (Marchisotto 
et al. 2017).

There is a need for standardization of PAL to help consumers make informed 
food choices (Marchisotto et al. 2017). Stakeholders agree that PAL should be risk-
based, should indicate the potential unintended presence of an allergen at or above 
a reference dose, and should be consistent across food products. The decision-
making criteria should be transparent and clearly communicated to all stakeholders 
(DunnGalvin et  al. 2015). Currently, no agreed-upon reference doses exist. 
Extensive work is underway using quantitative risk assessment approaches to 
determine individual threshold doses, which will inform the development of refer-
ence doses (NASEM 2016). Another key challenge in achieving a successful PAL 
program is the limitations surrounding available analytical methods for detecting 
allergens in food. Many studies have shown that different allergen test kits may 
return different analytical results for the same food sample (Khuda et  al. 2016; 
Bedford et al. 2017). Various factors may contribute to the inconsistency in aller-
gen quantitation among different test kits (Fu and Maks 2013), but this issue will 
need to be resolved to correctly quantify allergen residues in foods relative to target 
reference doses.

1.2.2  �Allergen Management in the Foodservice Industry

It is estimated that American households spend nearly 44% of their total food 
expenditures on food prepared outside the home (ERS 2017). The U.S. restaurant 
industry serves more than 130 million customers each day (NRA 2014) and employs 
14.7 million people across roughly one million locations (NRA 2017).

Dining outside the home poses a significant challenge for allergic consumers. 
Inadvertent exposure to food allergens in restaurants is not uncommon. In a recent 
study, 21.8% of the 110 restaurant personnel surveyed indicated that food-related 
allergic reactions had occurred at their restaurants in the past 12 months (Lee and 
Xu 2015). Among the 63 fatal food anaphylactic reactions occurred in 1994–2006, 
29 cases (46%) were caused by food served in, or provided by, restaurants or other 
food establishments, including sit-down restaurants, fast food establishments, 
university dining halls, school cafeteria, ice cream shops, and catered functions 
(Weiss and Muñoz-Furlong 2008).

T.-J. Fu et al.
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A study of 156 peanut and tree nut allergic reactions caused by foods purchased 
at restaurants and other food establishments found that Asian food restaurants 
(19%), ice cream shops (14%), and bakeries/doughnut shops (13%) were the loca-
tions most commonly involved. Among meal items, desserts (cakes and ice cream) 
were the most common cause of the reactions (43%). Only 45% of the 106 partici-
pants with previously diagnosed food allergies gave prior notification about their 
allergies to the establishment. In 78% of these incidents, someone in the establish-
ment knew that the food contained peanut or tree nut, but the presence of these 
ingredients was not disclosed. In 50% of these incidents, the allergens of concern 
were hidden in sauces, dressings, egg rolls, etc. Twenty-two percent of the expo-
sures were from contamination caused primarily by shared cooking/serving sup-
plies (Furlong et al. 2001).

Clearly, failure of food allergic individuals to make their allergies known, lack of 
understanding of the serious nature of food allergy, inability of service personnel to 
clearly communicate allergen information, and absence of proper food preparation 
procedures to avoid allergen cross-contact all contributed to the inadvertent expo-
sure of allergic consumers to the harmful allergens. To prevent accidental exposure 
and tragic incidents, foodservice operations will need to increase awareness of food 
allergy and allergens, better understand allergen risk factors, develop tools and pro-
grams that foster clear communication of allergen information to customers and 
among staff, and install controls that prevent allergen cross-contact. Effective train-
ing programs are also needed to educate staff on allergen control best practices.

A number of surveys of restaurant personnel have pointed to the significant 
knowledge gaps that exist in the foodservice industry with respect to food allergy 
awareness and allergen controls. A survey of 100 food handlers (manager, servers, 
and chefs) in 100 food establishments in New York that offered different cuisines 
and types of service (full service, fast food, and takeout) found that while the major-
ity (72%) of surveyed personnel expressed a high comfort level in providing safe 
meals to allergic consumers, there were deficits in their knowledge of food allergies. 
For example, 24% of the respondents did not recognize that trace amounts of a food 
can trigger a reaction, and 54% did not recognize common means of cross-contact 
of foods (Ahuja and Sicherer 2007).

The CDC Environmental Health Specialists Network (EHS-Net) surveyed per-
sonnel at 278 restaurants located in six sites during 2014–2015 and reported that only 
44.4% of restaurant managers, 40.8% of food workers, and 33.3% of servers inter-
viewed reported receiving food allergy training (Radke et  al. 2017). In an online 
survey to assess the food allergy knowledge, attitudes, and preparedness of restaurant 
managerial staff, Lee and Xu (2015) showed that although 80% of the 110 partici-
pants had been trained about food allergies and approximately 70% of participants 
provided food allergy training to their employees, the food allergy knowledge varied 
greatly among the participants. Forty percent of the participants were not able to 
point out that soy and fish are among the major allergens. More than 80% of the 
participants were not aware of FALCPA food allergen labeling requirements. In a 
survey of 16 managers from full-service restaurants that accommodate allergen-free 
orders upon request, it was found that managers of chain restaurants or independent 
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restaurants located in chain hotels were more likely to have received training and to 
have access to educational materials than managers of independent restaurants. 
However, training on allergen risk communication between the front-of-house and 
back-of-house staff or between restaurant staff and customers with food allergies is 
lacking (Wen and Kwon 2016). These survey findings highlight the need for appro-
priate and adequate training for restaurant operators and the need for risk-based and 
structured training materials that restaurants can use to train their staff.

The importance of increasing awareness of food allergy and food allergens and 
ensuring proper training of foodservice personnel has also been recognized by regu-
latory agencies. In the U.S., restaurants and other food establishments are regulated 
by the state and local government agencies. The FDA works with these agencies 
through the Conference for Food Protection and through development of a model 
Food Code (Gendel 2014). The Food Code provides practical, science-based guid-
ance and enforceable provisions for preventing risks of foodborne illness and serves 
as a model code for adoption by local, state, and other jurisdictions to apply to all 
food establishments that sell food directly to consumers. In the past decade, the 
FDA Food Code has been revised several times to include food allergen information 
and procedures for controlling allergens. The 2005 revision of the Food Code con-
tained a definition of the “major food allergens,” specifying that the person in charge 
of a food establishment shall have an understanding of foods identified as major 
food allergens and of the symptoms resulting from exposure to food allergens in 
sensitive individuals. Other added information included an integration of FALCPA’s 
labeling provisions to food packaged at the retail level. The 2005 Food Code also 
recommended the use of a rigorous sanitation regimen to prevent cross-contact 
between allergenic and non-allergenic ingredients (FDA 2015). Additions in the 
2009 revision of the Food Code included the requirement that employees are 
properly trained in food allergy awareness as it relates to their assigned duties 
(FDA 2015). The majority of U.S. states have adopted the recent versions of Food 
Code with updated allergen requirements (see Chap. 3).

In the U.S., meals served in restaurants or other food establishments, except 
those packaged for direct sale in states that have adopted the updated FDA Food 
Codes, are not subject to the FACLPA food allergen labeling requirements. Allergic 
consumers rely on servers to accurately disclose allergen information in menu 
items. However, the majority (82%) of 110 restaurant managers surveyed consid-
ered it is the customers’ responsibility to inform the servers of their special needs. 
About 38% of the respondents either disagreed or strongly disagreed that restau-
rants should be responsible for asking customers about their food allergy needs (Lee 
and Xu 2015). This finding suggests that in the event of miscommunication or 
absence of communication, accidental exposure could occur. To address this issue, 
some states have enacted laws that require food establishments to include menu 
notice for customers to inform servers of their food allergies (see Chap. 3). It is worth 
mentioning that in Europe, the new food information regulation 1169/2011 added a 
provision requiring allergen information be provided for non-prepackaged food 
sold in the European Union, including foods sold in retail, in catering, and food 
prepacked on the premises for direct sale (EU 2011; Hattersley and King 2014). The 

T.-J. Fu et al.

https://doi.org/10.1007/978-3-319-65909-1_3
https://doi.org/10.1007/978-3-319-65909-1_3


9

regulation allows each member state to establish rules regarding how the allergen 
information is presented, e.g., on signs, menus, or communicated through the server 
when requested (Leitch and McIntosh 2014).

Despite the inclusion of food allergy awareness, employee training, and aller-
gen cleaning and sanitation in the updated Food Codes, there is currently a lack of 
national guidelines applicable to the foodservice industry for assessing, manag-
ing, and communicating food allergen risks in restaurants and other food estab-
lishments. Limited information has been provided by consumer advocacy and 
trade groups. The booklet “Welcoming Guests with Food Allergies” developed by 
Food Allergy and Anaphylaxis Network (FAAN, now part of the Food Allergy 
Research and Education, FARE) (FAAN 2010) provides general information 
about food allergies and suggests strategies for managers, front-of-house staff, 
and back-of-house staff to ensure a safe dining experience for guests with food 
allergies. Considerations for creating a written plan for handling guests with food 
allergies, for staff training, and for responding to an allergy emergency were also 
included. The National Restaurant Association (NRA) has developed educational 
materials and programs aimed at educating restaurant and foodservice workers on 
aspects of allergen control. The ServSafe allergens online course covers such top-
ics as defining food allergies, identifying allergens, communicating with guests, 
preventing cross-contact, proper food preparation and cleaning methods, food 
labels, and dealing with emergencies, etc. (NRA 2017). This course is an approved 
training resource to meet the allergen training requirements in Michigan and 
Rhode Island (see Chap. 9).

Even with increased efforts at the federal and state levels to include food allergen 
controls as preventative measures against foodborne illness, there remains a lack of 
widespread adoption of proper allergen control measures, particularly in small and 
standalone foodservice operations. In the EHS-Net survey, it was found that only 
55.2% of managers reported that their restaurants had ingredient lists for menu 
items while 25.3% reported having no lists. The majority of restaurant managers 
(78.0%) reported that dedicated utensils or equipment were not used in their restau-
rants for preparing allergen-free food. Only 7.6% of restaurants reserved an area in 
the kitchen for preparing allergen-free food, and only 10.1% had a dedicated fryer 
for cooking allergen-free food (Radke et al. 2017).

The foodservice industry comprises many different operations (full service, fast 
food, take out, etc.) that serve a wide range of meal options. These operations, espe-
cially the small and standalone operations, will need guidance and a clear step-by-
step demonstration of how to incorporate available allergen control best practices 
into their own allergen management plans, including implementation of ingredient/
menu controls, ingredient/food storage and preparation controls, cleaning/sanita-
tion controls, and education of managers and all staff involved. To achieve broad 
adoption of best practices, relevant education and outreach programs and effective 
dissemination of available allergen management information and tools to all types 
of operations are needed.
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1.2.3  �Allergen Management at Community Settings 
and at Home

Inadvertent exposure to food allergens can occur anywhere food is served and con-
sumed, including the allergic individual’s own home. In one study, 37% of children 
with peanut allergy were accidentally exposed to peanuts at home in the preceding 
year (Cherkaoui et al. 2015). Among the 63 fatalities in 1994–2006 caused by ana-
phylactic reactions to food, 13 (20%) occurred at the person’s own home (Bock et al. 
2001, 2007). Twenty-seven percent of the fatalities in the U.K. study were triggered 
by allergen ingestion in the individual’s home (Turner et  al. 2014). Consumer 
groups such as the Food Allergy Research and Education (FARE) have provided 
guidance to assist allergic individuals and their caregivers in preventing inadvertent 
ingestion of food allergens at home. Considerations such as whether to ban the 
allergens from entering the home, reading labels, proper food preparation to avoid 
cross-contact, segregation of allergens during storage, and how to eliminate cross-
contact risks in the kitchen are provided (FARE 2017a). Such information has 
proven useful for parents of allergic children to develop and implement food aller-
gen management plans in their homes (see Chap. 13).

Schools, colleges, and other educational settings are also places where food 
allergic reactions can occur. Greater than 15% of children with food allergies had 
reactions in school and day care (Nowak-Wegrzyn et al. 2001; Sicherer et al. 2001a, 
2001b). The reactions were primarily caused by exposure to food containing milk, 
peanut, and egg (Nowak-Wegrzyn et al. 2001). To reduce allergic reactions and to 
improve the ability of U.S. schools to respond to emergency food allergic reactions, 
the CDC in 2013 released the first national guidelines for school food allergy man-
agement. The “Voluntary Guidelines for Managing Food Allergies in Schools and 
Early Care and Education Programs” called for the development of food allergy 
management and prevention plans that address five priority areas: (1) ensuring daily 
management of food allergies for individual children, (2) preparing for food allergy 
emergencies, (3) providing professional development on food allergies for staff, (4) 
educating children and family members about food allergies, and (5) creating and 
maintaining a healthy and safe educational environment (CDC 2013).

FARE has worked with schools, universities, and other community groups to 
develop educational programs and training tools for a wide range of audiences. The 
document “School Guidelines for Managing Students with Food Allergies” outlines 
responsibilities for the family, school, and students to minimize risks and provide a 
safe environment for food-allergic students. It recommends that the family notify 
the school of the child’s allergy, work with the school to develop a plan that accom-
modates the child’s needs, and educate the child in self-management of food allergy. 
The schools need to ensure that all staff who interact with the student understand 
food allergy, recognize symptoms, know what to do in an emergency, and eliminate 
the use of food allergens in the allergic student’s meals, educational tools, and other 
school activities. The students, based on their developmental level, should be proac-
tive in the care and management of their food allergies and reactions (FARE 2017b).
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These guidelines, however, do not offer recommendations for foodservice staff 
on measures to prevent inadvertent exposure of allergic students to allergens. To fill 
this gap, the Institute of Child Nutrition has developed a training program (Managing 
Food Allergies in School Nutrition Programs) for school nutrition professionals to 
learn how to accommodate students with food allergies. The program includes sec-
tions on general food allergy principles, reading and managing food labels, accom-
modating students with food-related disabilities, avoiding cross-contact, and 
promoting food allergy management in schools (ICN 2014).

A greater number of fatalities caused by anaphylactic reactions to food occurred 
in teens and young adults than in other age groups (Muñoz-Furlong and Weiss 
2009; Turner et al. 2014). College-aged subjects (18–22 years) accounted for 25% 
of the 63 fatal allergic reactions reported in 1994–2006, and 50% of these fatalities 
occurred on a college campus (Bock et al. 2001, 2007). Allergic individuals attend-
ing college need additional assistance as this may be the first time these individuals 
are away from home and from the care of their parents. Teens and young adults 
with food allergy often exhibit risk-taking behaviors. In a survey of 174 food-
allergic teens, 54% indicated they had purposefully ingested a potentially unsafe 
food (Sampson et al. 2006). In 2015, FARE published the “Pilot Guidelines for 
Managing Food Allergies in Higher Education” which is a comprehensive best 
practice guide that helps colleges and universities effectively manage food allergy 
(FARE 2017c). Topics covered included food allergy management on campus, 
food allergy policy, emergency response plans and training. The guidelines also 
provided recommendations for college dining services regarding training, label 
reading, back-of-house and front-of-house policies, and student responsibilities, 
etc. These guidelines have been adopted by universities to develop food allergen 
control programs (see Chap. 14).

It is estimated that each year, more than 11 million children and adults attend a 
camp (e.g., day camps, residential camps, sports camps, or travel camps). A review 
of health records from 170 summer camps across the U.S. and Canada indicated that 
2.5% of the 122,424 campers had documented food allergies. Peanut/tree nut (81%), 
seafood (17.4%), and egg (8.5%) were the top three allergies reported (Schellpfeffer 
et al. 2017). To ensure the safety of children with food allergy, it is important that 
camps have established food allergy policies. FARE has developed guidelines for 
camps and recommended steps for parents, camp staff, and campers themselves to 
minimize the risk of accidental exposure to a food allergen. The guidelines also 
recommended having medications and procedures in place to deal with accidental 
ingestion (FARE 2017d).

The majority of available guidelines developed to protect allergic individuals in 
community settings focus primarily on management of food allergy reactions in the 
event of accidental exposure. Significant gaps still exist in the development and 
implementation of control measures to prevent accidental exposures in these set-
tings where food is prepared and served. Many questions remain to be addressed, 
including: are there additional risk factors that need to be understood, how can food 
allergen information be shared with foodservice operators, how can allergen control 
best practices (ingredient control, accurate communication of allergen information, 
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cross-contact control, allergen cleaning, etc.) be implemented, what training should 
event staff, temporary workers, and volunteers undergo before preparing and serv-
ing foods, and how can it be ensured that proper risk communication and preventive 
measures are implemented and practiced? There is a need for easy-to-understand, 
step-by-step guidance on best practices to control food allergens during the prepara-
tion and serving of food in schools, day cares, camps, and other community settings. 
Many of these gaps may be addressed by adopting the best practices identified and 
implemented in the packaged food and foodservice industries.

1.3  �Managing Food Allergy: Emergency Treatment 
of Anaphylaxis

Despite increased awareness and efforts to implement allergen control measures 
across many stages of the food chain, allergic individuals may still experience 
accidental exposure (Bock and Atkins 1989; Sicherer et  al. 2001a, 2001b; 
Fleischer et  al. 2012; Cherkaoui et  al. 2015). Food-allergic individuals must 
always be prepared to respond to potentially severe reactions in the event of acci-
dental ingestion of an allergen. Equally critical is the ability of people who serve 
food and who are responsible for the well-being of allergenic individuals to rec-
ognize food allergy symptoms. Available guidelines discussed above all stress the 
importance of training foodservice personnel, caregivers, school staff, or camp 
staff to quickly recognize food allergy symptoms and to effectively respond to a 
food allergy emergency.

Immediate use of epinephrine can save lives. About 70% of the 63 fatalities due 
to anaphylactic reactions to food did not receive epinephrine in a timely manner 
(Muñoz-Furlong and Weiss 2009). In a study conducted in the U.K., epinephrine was 
used correctly and in a timely manner by just 19% of the victims (Turner et  al. 
2014). Only 29.9% of children aged 15 months to 3 years who experienced severe 
allergic reactions were treated with epinephrine (Fleischer et  al. 2012). Factors 
resulting in undertreatment included lack of recognition of severity, unavailability 
of epinephrine, and fears about epinephrine administration (Fleischer et al. 2012).

Significant efforts have been made to increase the availability of epinephrine in 
schools. Almost every state in the U.S. has passed legislation regarding stocking 
undesignated epinephrine auto-injectors in K-12 schools (FARE 2017e); however, 
gaps still exist with respect to training of school staff in recognition of symptoms 
and in administration of epinephrine to treat anaphylaxis (White et al. 2016). In a 
study examining the use of epinephrine auto-injectors in Chicago Public Schools 
during the 2012–2013 school year, DeSantiago-Cardenas et al. (2015) found that 
more than half (55.0%) of all district-issued epinephrine auto-injectors were admin-
istered for first-time anaphylactic events. These findings suggest that anaphylaxis 
can occur in children with no previously known allergies and highlight the impor-
tance of stocking undesignated epinephrine in schools (see Chap. 2).
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Allergic reactions can occur in any location where food is consumed. For indi-
viduals who experience a reaction but do not carry epinephrine with them, access to 
undesignated epinephrine auto-injectors can be critical and life-saving. Consumer 
advocacy groups such as FARE have worked with legislative bodies at the national 
and state levels to increase the availability of undesignated epinephrine auto-
injectors and to ensure that emergency epinephrine capabilities are in place in public 
venues (see Chap. 4). Currently, a number of states have passed legislations that permit 
public entities (e.g., camps, restaurants, amusement parks, and sports arenas) to 
stock undesignated epinephrine auto-injectors for emergency use and require train-
ing of staff to recognize systemic reactions to food and to properly administer epi-
nephrine (McEnrue and Procopio 2016; ACA 2017).

1.4  �Best Practices for Assessing, Managing, 
and Communicating Food Allergen Risks

Protecting consumers with food allergies requires vigilance from everyone involved 
in the manufacture, preparation, and serving of foods. A great deal of knowledge 
about food allergens and approaches to controlling them has been accumulated, 
particularly in the packaged food industry. However, detailed guidance and step-by-
step demonstrations of how to implement allergen controls, especially for small 
food manufacturing facilities, are lacking. There is also a shortage of customized 
tools or model plans for hazard analysis and allergen management that address the 
needs of specific operations in other environments where food is prepared and 
served, including restaurants, community settings, or at home.

This book provides the most up-to-date information on allergen controls appli-
cable to various stages of the food chain. The resources presented and experience 
shared will assist all stakeholders in establishing best practices for the assessment, 
management, and communication of risks associated with food allergens. Chapters 
2–4 provide an overview of the public health impact of food allergy and legislative 
initiatives that are on-going to improve food allergy and allergen management 
across various sectors of the industry and in many communities. Analysis of recall 
data or surveys of industry practices are valuable in identifying risk factors and gaps 
that need to be addressed. Chapter 5 reviews the available recall databases and dis-
cusses the use of recall data analytics to support food safety hazard analysis and to 
identify trends and emerging issues.

Chapters 6–8 discuss allergen management best practices that may be imple-
mented in food manufacturing facilities. Key components and considerations of an 
effective allergen label management program are discussed in Chap. 6. Main features 
of an allergen management program focusing on preventing allergen cross-contact 
at various stages of food production operations are covered in Chap. 7. This chapter 
also discusses verification and validation strategies for allergen sanitation. An in-
depth discussion of allergen cleaning and sanitation best practices in a food produc-
tion environment is presented in Chap. 8.
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Chapter 9 discusses findings from a survey conducted by the National 
Restaurant Association to evaluate food allergen awareness and training policies 
in the restaurant and foodservice industry. Chapter 10 summarizes the elements of 
a solid food allergen management program for restaurants to ensure correct aller-
gen information is shared and allergen cross-contact is minimized. Methods and 
factors for successful cleaning are also discussed. Chapter 11 highlights best prac-
tices for managing food allergens in quick-service restaurants and discusses key 
aspects to consider in preventing food allergic reactions throughout the operation, 
including controlling the supply chain and ingredients, managing restaurant opera-
tions, and communicating with customers.

Best practices in developing training programs for assessing, managing, and 
communicating allergen risks for restaurants and other foodservice operations are 
presented in Chap. 12. Finally, key points to consider when developing customized 
allergen control plans for the home and for dining services on college campuses are 
discussed in Chaps. 13 and 14, respectively.

1.5  �Concluding Remarks

The public health issues associated with food allergens can only be tackled by taking 
an integrative approach that involves all sectors of the food chain, including the 
packaged food industry, the foodservice industry, community groups, and consum-
ers. Success will require broad awareness of the severity of food allergic reactions, 
understanding of risk factors, and accurate implementation of allergen control best 
practices. Effective training of relevant personnel and improved communication 
with consumers with food allergies are critical.

This book documents best practices in managing allergen risks at various stages 
of the food chain. Effective dissemination of these resources to stakeholders is 
needed. University extension services and state and local public health agencies have 
traditionally played a key role in providing education and outreach on food safety 
issues and controls to small food manufacturing facilities and food establishments. 
It is important to develop a network of experts in extension and outreach services 
throughout the U.S.  This will enable dissemination of accurate and complete 
allergen management information to all sizes of food production and foodservice 
operations, and eventually achieve broad and successful implementation of effective 
allergen control programs across the entire food chain.

Regulations aimed at reducing allergic reactions caused by packaged food and 
in foodservice environments have been enacted to improve adoption of best prac-
tices. Enforcing compliance with these regulations will ensure that allergen con-
trols are effectively implemented. Training of state/local inspectors to recognize 
and verify proper food allergen control measures is critical to the success of these 
regulatory efforts.

The information presented in this book provides valuable resources for stake-
holders to develop structured, risk-based training programs. Consumers and other 
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food safety professionals will also benefit from the knowledge gained, and be able 
to recognize and understand food allergen control measures that are put in place 
across the food chain.
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Chapter 2
A Review of the Distribution and Costs 
of Food Allergy

Ruchi S. Gupta, Alexander M. Mitts, Madeline M. Walkner,  
and Alana Otto

2.1  �Introduction

Food allergy is a significant disease and requires attention in both medicine and 
society. It affects 8% of U.S. children (Gupta et al. 2011) and there is no established 
cure for food allergy yet. Moreover, potential allergen exposure and the risk of 
severe allergic reactions are part of daily life. Epinephrine auto-injectors (EAIs) are 
the only approved treatment for severe allergic reactions, and access to these devices 
among food-allergic children is not always possible. Food-allergic people and their 
caretakers are forced to be constantly vigilant, often at great psychological and 
financial cost.

Food allergy is more likely to occur in African American and Asian children than 
White children, and the rate of reactions requiring emergency department (ED) visits 
or hospitalizations is growing fastest among Hispanic children (Dyer et  al. 2015). 
Importantly, formal diagnoses and access to treatment are less likely among racial/
ethnic minorities than among White children. Lower income families also have limited 
access to preventative measures but spend more than twice what higher-income fami-
lies do on emergency department visits for food-allergic reactions. Urban children 
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have also been shown to have higher numbers of food allergy diagnosis and higher 
rates of ED visits than those living the in suburbs. These disparities, together with the 
large size of the affected population, make childhood food allergy a serious public 
health problem. Increasing public access to information about food allergy and its 
treatment is vital.

It has been demonstrated that the quality of life among parents of children with food 
allergy is worse than that of parents of non-allergic children. This difference exists even 
among parents who feel comfortable with controlling their children’s food allergies. 
Avenues to improve quality of life among food-allergic children and their caregivers 
have been largely unexplored. At the consumer level, there is a great deal of ambiguity 
in the regulation and meaning of allergen warnings on packaged foods, which may lead 
to misinformed and potentially dangerous food purchases. From an economic stand-
point, food allergy costs the US $24.8 billion annually (Gupta et al. 2013); much of 
this cost is borne by the families of food-allergic children (Gupta et al. 2013).

Schools exist at the intersection of the many spheres discussed above and repre-
sent an opportunity to improve outcomes for food-allergic children around the 
country. Chicago Public Schools (CPS) is the largest school system to date to 
implement a program to make undesignated epinephrine available for any student 
experiencing anaphylaxis. This program has potentially saved dozens of lives but 
has also cast into sharp relief about the disparities in and necessity of access to 
EAIs. The data gleaned from the CPS initiative should motivate us to increase safety 
and awareness around food allergy.

This chapter will aim to make clear the state of food allergy in the U.S., and on 
which parties the burden of the disease lies. The studies discussed herein aimed to 
gather and organize population-level information on the prevalence, distribution, 
and cost of food allergy, as well as to understand some of the social and psychological 
responses to the challenges of food allergy.

2.2  �The Prevalence, Severity, and Distribution of Childhood 
Food Allergy in the U.S.

There is a lack of comprehensive data on both the number of children in the U.S. 
living with food allergy, and their demographics. Efforts to characterize the scope of 
the disease have been limited by small and non-representative samples as well as by 
the use of non-standardized diagnostic criteria (Gupta et  al. 2011). We therefore 
conducted a population-based, cross-sectional survey of a large representative popu-
lation of U.S. children (n = 38,480) in an attempt to define the prevalence and sever-
ity of pediatric food allergy in the U.S. Recruitment employed a dual-sample 
approach, in which a probability-based sample statistically representative of U.S. 
households with children was used to identify and correct for a sampling and non-
sampling bias introduced by a larger, opted-in online sample (Gupta et al. 2011). In 
this survey, prevalence estimates include report of both convincing allergy, defined 
as participant report of a food allergy plus a history of one or more common symp-
toms, and confirmed allergy, defined by the criteria of a convincing allergy plus 
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confirmatory physician diagnosis by serum specific immunoglobulin E (IgE) test-
ing, skin prick testing (SPT), or oral food challenge (OFC).

2.2.1  �Prevalence

Based on our primary research survey (Table 2.1), 8% of U.S. children were found 
to have food allergy. Thirty-four percent of these children, or approximately 2.5% 
of the total population, were allergic to more than one food and were therefore at an 
increased risk of severe reaction. Additionally, 3.1% of all children and 39% of 
food-allergic children were found to have severe food allergy, defined as a history of 
at least one reaction of one or more of the following symptoms: anaphylaxis, hypo-
tension, trouble breathing, or wheezing. Males were significantly more likely than 
females to have severe allergies. There were no significant differences between 
genders in the frequencies of convincing allergy or confirmed allergy.

2.2.1.1  �Prevalence by Age

The overall prevalence of food allergy varied significantly by age and was highest 
among children 3–5 years old (9.2%) (Table 2.1). Significant variance in prevalence 
according to age was observed for peanut, shellfish, tree nut, wheat, and egg allergy. 
Adolescents were at significantly higher risk for severe allergic reactions than were 
children aged 0–2 (odds ratio [OR] = 2.1). The odds of having a confirmed food 
allergy did not vary significantly with age (Gupta et al. 2011).

2.2.1.2  �Prevalence by Allergen

Peanut was the most common food allergen, with 2% of all children and of 25% of 
food-allergic children in this survey allergic to peanuts. This estimate is two times 
higher than that made by a Canadian study (Ben-Shoshan et al. 2010). The preva-
lence of fin fish allergy (0.5%), was also higher than the previously reported 0.3% 
of children and adults (Ben-Shoshan et al. 2010). The prevalence of other common 
food allergens assessed in this survey was consistent with previous findings 
(Gupta et al. 2011). Severe reactions were most common among children with tree 
nut, peanut, shellfish, soy, and fin fish allergies (Gupta et al. 2011).

2.2.1.3  �Prevalence by Race/Ethnicity

African American and Asian children were significantly more likely than White 
children to have food allergies (OR = 1.8 and 1.4, respectively) but less likely to 
have physician-confirmed diagnoses (OR  =  0.8 and 0.7, respectively). Hispanic 
children were also significantly less likely than White children to have physician-
confirmed allergies (OR = 0.8) (Gupta et al. 2011).
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2.2.1.4  �Prevalence by Socioeconomic Status

The odds of having food allergy were significantly lower for children in households 
with annual incomes of <$50,000 versus ≥$50,000 (OR = 0.5). Children in house-
holds with annual incomes of <$50,000 were also significantly less likely to have 
confirmed diagnoses (OR = 0.5) and severe allergies (OR = 0.8) (Gupta et al. 2011).

2.2.1.5  �Prevalence by Geography

The odds of having food allergy were significantly higher for children from the 
Northeast (OR = 1.3), South (OR = 1.5), and West (OR = 1.3) regions of the U.S. 
versus children from the Midwest. There was no significant difference between 
regions in terms of the odds of having confirmed (versus convincing) allergy or 
severe (versus non-severe) allergy (Gupta et al. 2012).

2.2.2  �What the Prevalence, Severity, and Distribution 
of Childhood Food Allergy Tell Us

Eight percent of children in this study had food allergy; this equates to an estimated 
5.9 million affected children in the U.S. This prevalence is higher than many previous 
estimates and underscores the importance of food allergy as a public health concern. 
Furthermore, in this study, 39% of food-allergic children had severe food allergies, 
and 34% had multiple food allergies. To our knowledge, the prevalence of severe food 
allergy among a representative sample of U.S. children has not been previously 
reported. Importantly, the distribution of food allergy varies significantly among 
racial and socioeconomic groups as well as by geographic region. While food allergy 
was found to be more common among African American and Asian children, these 
children were less likely than their White counterparts to have physician-confirmed 
diagnoses. This difference is likely influenced by differences in healthcare access and 
utilization between these populations. Further work is needed to determine how bio-
logical, social, and economic factors influence the incidence as well as the diagnosis 
and management of food allergy in patients with different racial and socioeconomic 
backgrounds (Gupta et al. 2011).

2.3  �Geographic Variability of Food Allergy in the U.S.

The same population-based, cross-sectional survey was used to determine the 
geographic distribution of food allergy prevalence in the U.S. (Gupta et al. 2012). 
Data were analyzed for 38,465 children. Geographic characteristics assessed 
included state, latitude, zip code, and urban/rural status. Latitude was assigned by 
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zip code, and latitudes were collapsed into terciles: northern (≥41.8° N latitude), 
middle (34.3° N to 41.7° N latitude), and southern (≤34.2° N latitude). Urban/rural 
status was also determined by zip code and classified by the following designa-
tions, in order of decreasing population density: urban center, metropolitan city, 
urban outskirt, suburban area, small town, rural area. The primary outcome mea-
sure was food allergy prevalence. The prevalence of severe food allergy (defined 
in Sect. 2.2.1) was also measured. Multiple logistic regression models, adjusted 
for race/ethnicity, gender, age, household income, and latitude, were used to assess 
associations between geographic variables and the presence and severity of food 
allergy.

2.3.1  �Food Allergy by Latitude

Odds of food allergy were significantly higher in southern and middle latitudes than 
they were in northern latitudes (OR = 1.5 and 1.3, respectively). The gradation of 
prevalence in our results suggests a north-to-south increase in the rate of food 
allergy. Odds of severe food allergy did not vary significantly with geographic region 
(Gupta et al. 2012).

2.3.2  �Food Allergy by Urban/Rural Status

Prevalence of food allergy varied significantly with urban/rural status (Tables 2.2 
and 2.3). Increasingly urban settings corresponded with increasing prevalence of 
food allergy, which ranged from 6.2% in rural areas to 9.8% in urban centers. 
Prevalence rates for many specific allergies varied significantly with population den-
sity. Only milk and soy allergies did not significantly vary with geographic area. 
Peanut was consistently among the two most common allergens and was the most 
common in all but rural areas, where it was replaced by milk allergy. The odds ratio 
for having food allergy was highest in urban versus rural environments. Odds of 
severe food allergy did not differ significantly by urban/rural status.

2.3.3  �What the Geographic Distribution of Food Allergy 
in the U.S. Tells Us

To our knowledge, an urban/rural difference in food allergy prevalence in the U.S. 
has not been previously reported. This information contributes broad demographic 
information to the goal of understanding the etiology and impact of food allergy and 
may ultimately guide development of treatments. Importantly, urban/rural status 
may affect allergy prevalence but not morbidity (Gupta et al. 2012).
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2.4  �Food Allergy Sensitization and Presentation in Siblings 
of Children with Food Allergic

Parents of food-allergic children are often concerned about the risk of food allergy 
in their other children, and may ask about screening their asymptomatic children for 
food allergies. Little is known about the prevalence of sensitization and true food 
allergy in the siblings of food-allergic children or about the utility of screening 
asymptomatic siblings for sensitization or allergies to common food allergens. We 
therefore aimed to determine the prevalence of both sensitization and true food 
allergy among siblings of food-allergic children by evaluating a cohort of children 
with confirmed food allergy (n = 478) and their siblings (n = 642) (Gupta et  al. 
2015). Siblings were evaluated for laboratory evidence of food sensitization to nine 
common allergens using total and specific serum IgE as well as skin prick testing. 
Sensitization was defined as positive IgE and/or SPT in the absence of clinical 
symptoms of allergy. True food allergy was defined as positive IgE and/or SPT plus 
clinical symptoms consistent with food allergy.

2.4.1  �Prevalence of Sensitization and True Allergy in Siblings 
of Food-Allergic Children

Approximately one third (33.4%) of siblings of children with food allergy had nei-
ther sensitization nor clinical symptoms to the foods tested. Approximately one half 
(53%) were sensitized to one or more foods, most commonly wheat (37%), milk 
(35%), and egg (35%). Thirteen percent of siblings were diagnosed with true food 
allergy. The most common true allergens among siblings of food-allergic children 
were milk (5.9%), egg (4.4%), and peanut (3.7%).

Table 2.3  Odds of food allergy and severe versus mild/moderate food allergy by geographic area, 
adjusted for race/ethnicity, gender, age, household income, and latitude

Area versus rural Odds of food allergy Odds of severe food allergy
Unadjusted Adjusted Unadjusted Adjusted

Urban centers 1.7 (1.5–2.0) 1.5 (1.3–1.8) 1.4 (1.0–1.8) 1.3 (0.9–1.8)
Metro cities 1.5 (1.3–1.7) 1.4 (1.2–1.6) 1.1 (0.9–1.5) 1.1 (0.8–1.4)
Urban outskirts 1.3 (1.1–1.5) 1.2 (1.1–1.4) 1.0 (0.8–1.3) 1.0 (0.8–1.3)
Suburban areas 1.2 (1.1–1.4) 1.2 (1.0–1.3) 1.1 (0.9–1.4) 1.0 (0.8–1.3)
Small towns 1.2 (0.9–1.4) 1.2 (0.9–1.5) 1.2 (0.8–1.8) 1.1 (0.7–1.7)

Gupta et al. (2012)
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2.4.2  �What the Prevalence and Sensitization of Food Allergy 
in Siblings of Food-Allergic Children Tells Us

In this study, the prevalence of true food allergy among siblings of food-allergic 
children was low. We therefore recommend against withholding foods containing 
common allergens from these patients in the absence of symptoms suggestive of 
allergy. We also recommend against the routine screening of asymptomatic siblings 
of food-allergic children, as the presence of laboratory sensitization alone is insuf-
ficient to diagnose food allergy, and misdiagnosis may lead to unnecessary elimina-
tion of foods from the sibling’s diet (Gupta et al. 2015).

2.5  �Pediatric Emergency Department Visits 
and Hospitalizations for Food-Induced Anaphylaxis 
in Illinois

Little is known about the frequency with which food-allergic children access emer-
gency departments or are admitted to hospitals for acute allergic reactions; simi-
larly, there is a paucity of data about the effects of race, ethnicity, and socioeconomic 
status on food allergy-related healthcare utilization. We therefore sought to quantify 
food allergy-related ED visits and hospitalizations by children from various racial 
and socioeconomic backgrounds using medical record data from 2008 to 2012 in 
Illinois (Dyer et al. 2015).

2.5.1  �Pediatric ED Visits and Hospitalizations Over Time

The average annual rate of ED visits and hospital admissions for food-induced ana-
phylaxis among Illinois children over the 5-year study period was 10.9 per 100,000 
(See Table 2.4 for demographic breakdown). Eleven percent of children who pre-
sented to an ED for food-induced anaphylaxis during the study period were hospi-
talized. Between 2008 and 2012, the rate of ED visits for food-induced anaphylaxis 
increased from 6.3 to 17.2 per 100,000 (p < 0.001), with an annual increase of 29%. 
The rate of hospitalizations for food-induced anaphylaxis increased 19% per year 
over this period, from 0.8 per 100,000 in 2008 to 1.5 per 100,000 in 2012 (p < 0.001). 
Increases in rates of ED visits and hospitalizations were seen among children of all 
ages, sexes, races/ethnicities, insurance types, and metropolitan statuses. The largest 
annual percent increases were seen among Hispanic children (44%, p < 0.01), chil-
dren with public insurance (30%, p < 0.01), and children from urban neighborhoods 
outside Chicago (49%, p < 0.01). (Dyer et al. 2015).
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Table 2.4  Rates of ED visits and hospitalization for food-induced anaphylaxis in Illinois 
2008–2012

Variable

Rate of ED visits and hospital admissions for food-induced 
anaphylaxis per 100,000 children (95% CI)
2008 
(n = 226)

2009 
(n = 279)

2010 
(n = 319)

2011 
(n = 481)

2012 
(n = 590)

Overall 6.3 
(5.5–7.2)

7.8 (6.9–8.8) 9.1 
(8.2–10.2)

13.9 
(12.7–15.2)

17.2 
(15.9–18.7)

Age group, year
0–4 (n = 840) 11.9 

(9.7–14.4)
15.0 
(12.6–17.8)

16.8 
(14.1–19.8)

25.5 
(22.1–29.2)

30.5 
(26.9–34.5)

5–9 (n = 419) 4.6 
(3.3–6.2)

6.5 (4.9–8.4) 7.2 
(5.5–9.2)

12.8 
(10.5–15.4)

17.7 
(15.0–20.7)

10–14 (n = 284) 3.4 
(2.3–4.9)

5.1 (3.7–6.9) 5.7 
(4.2–7.5)

8.5 
(6.7–10.7)

9.9 
(8.0–12.2)

15–19 (n = 351) 5.3 
(4.0–7.1)

4.8 (3.5–6.4) 7.3 
(5.6–9.2)

9.4 
(7.5–11.6)

11.8 
(9.7–14.2)

Sex
Male (n = 1117) 7.2 

(6.1–8.6)
9.9 
(8.5–11.5)

11.4 
(9.9–13.1)

15.2 
(13.5–17.2)

18.9 
(17.0–21.1)

Female (n = 777) 5.4 
(4.4–6.6)

5.6 (4.6–6.9) 6.7 
(5.6–8.1)

12.5 
(10.8–14.3)

15.5 
(13.7–17.5)

Race/ethnicity
Asian, non-Hispanic 
(n = 124)

12.9 
(7.8–20.2)

11.6 
(6.7–18.5)

15.2 
(9.8–22.7)

22.4 
(15.3–31.6)

24.1 
(16.9–33.3)

Black, non-Hispanic 
(n = 369)

8.0 
(5.9–10.6)

9.4 
(7.1–12.2)

9.2 
(6.9–12.0)

17.5 
(14.2–21.3)

20.2 
(16.8–24.4)

White, non-Hispanic 
(n = 1009)

6.0 
(5.0–7.3)

7.6 (6.4–8.9) 10.1 
(8.7–11.7)

14.2 
(12.5–16.0)

16.8 
(15.0–18.8)

Hispanic (n = 248) 2.8 
(1.8–4.2)

3.8 (2.6–5.3) 4.5 
(3.1–6.2)

7.4 
(5.6–9.5)

12.5 
(10.2–15.2)

Insurance type
Private insurance 
(n = 1374)

7.7 
(6.6–8.9)

8.3 (7.2–9.6) 11.0 
(9.7–11.2)

16.9 
(15.3–18.8)

18.8 
(17.1–20.8)

Public insurance 
(n = 519)

3.9 
(2.9–5.1)

7.0 (5.6–8.6) 6.0 
(4.7–7.5)

9.2 
(7.7–10.9)

14.8 
(12.8–17.0)

Metropolitan status
Chicago, urban 
(n = 639)

11.0 
(8.7–13.8)

14.0 
(11.4–17.1)

14.0 
(11.4–17.8)

24.7 
(21.2–28.7)

27.6 
(23.9–31.7)

Chicago, not urban 
(n = 978)

7.4 
(6.2–8.9)

8.5 
(7.2–10.0)

10.4 
(9.0–12.1)

13.5 
(11.8–15.4)

17.8 
(15.9–19.9)

Outside Chicago, 
urban (n = 125)

3.2 
(1.8–5.9)

2.7 (1.3–4.9) 5.3 
(3.2–8.2)

9.8 
(6.9–13.5)

12.2 
(9.1–16.2)

Outside Chicago, not 
urban (n = 142)

1.4 
(0.7–2.5)

3.7 (2.5–5.4) 3.3 
(2.1–4.9)

5.2 
(3.7–7.2)

5.9 
(4.3–7.9)

(continued)
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Table 2.4  (continued)

Variable

Rate of ED visits and hospital admissions for food-induced 
anaphylaxis per 100,000 children (95% CI)
2008 
(n = 226)

2009 
(n = 279)

2010 
(n = 319)

2011 
(n = 481)

2012 
(n = 590)

Hospitalization 
status
Discharged from ED 
(n = 1753)

6.0 
(5.3–6.9)

7.1 (6.2–8.0) 8.5 
(7.5–9.5)

12.8 
(11.6–14.0)

16.0 
(14.7–17.4)

Admitted to hospital 
(n = 203)

0.8 
(0.5–1.0)

1.0 (0.7–1.3) 1.2 
(0.9–1.6)

1.4 
(1.1–1.9)

1.5 
(1.1–1.9)

Food allergen
Peanut (n = 649) 2.2 

(1.8–2.8)
2.2 (1.8–2.8) 3.7 

(3.1–4.4)
4.8 
(4.1–5.6)

5.6 
(4.9–6.5)

Tree nut (n = 318) 0.9 
(0.6–1.3)

1.5 (1.2–2.0) 1.5 
(1.1–1.9)

2.3 
(1.9–2.9)

2.9 
(2.4–3.5)

Fin fish (n = 123) 0.4 
(0.3–0.8)

0.7 (0.5–1.0) 0.4 
(0.2–0.7)

0.9 
(0.6–1.3)

1.1 
(0.7–1.4)

Milk (n = 103) 0.4 
(0.2–0.7)

0.4 (0.3–0.7) 0.3 
(0.1–0.5)

0.8 
(1.5–1.2)

1.0 
(0.7–1.4)

Other food (n = 452) 1.8 
(1.4–2.3)

2.0 (1.6–2.5) 2.0 
(1.5–2.9)

3.1 
(2.5–3.7)

4.1 
(2.5–4.9)

Unknown food 
(n = 259)

0.6 
(0.4–0.9)

1.0 (0.7–1.3) 1.3 
(0.9–1.7)

2.0 
(1.5–2.5)

2.6 
(2.1–3.2)

Hospital type
Dedicated pediatric 
hospital (n = 771)

2.6 
(2.1–3.2)

3.5 (3.0–4.2) 3.4 
(2.9–4.1)

5.7 
(5.0–6.6)

6.8 
(6.0–7.7)

Combined adult and 
pediatric hospital 
with PICU (n = 349)

1.5 
(1.3–1.9)

1.2 (0.9–1.6) 1.9 
(1.5–2.5)

2.3 
(1.8–2.8)

3.1 
(2.5–3.7)

Combined adult and 
pediatric hospital 
without PICU 
(n = 773)

2.2 
(1.8–2.8)

3.1 (2.5–3.7) 3.7 
(3.1–4.4)

5.8 
(5.1–6.7)

7.4 
(6.5–8.3)

Dyer et al. (2015)

2.5.2  �Pediatric ED Visits and Hospitalizations by Patient 
Demographics

The highest rates of ED visits and hospitalizations were seen among children 
0–4 years of age (12–30.5 per 100,000); however, the largest percent annual increase 
in visits (40%) was seen among children 5–9 years. Significantly more infants pre-
senting to an ED for food-induced anaphylaxis were admitted (42%) than children 
1 year or older (18%, p = 0.02) (Table 2.4). Hospital length of stay did not vary 
significantly by age (Dyer et al. 2015).
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Differences in ED visit and hospitalization rates were also seen between races 
and ethnicities. The highest rates of ED visits and hospitalizations were seen among 
Asian children, while the lowest rates were seen among Hispanic children; however, 
as mentioned above, Hispanic children experienced the largest percent annual 
increase in visit rates (44%), while the percent annual increase was lowest among 
Asian children (21%) (Table 2.4). Rates of ED visits and hospitalizations as well as 
annual percent increases were similar between White and African American 
children. Hospital length of stay did not vary significantly by race or ethnicity (Dyer 
et al. 2015).

Variation in ED visit and hospitalization rates by socioeconomic and metropoli-
tan statuses was also seen. ED visits and hospitalizations were significantly more 
frequent among those with private insurance (7.7–18.8 per 100,000) than among 
those with public insurance (3.9–14.8 per 100,000), and the annual percent increase 
was higher among privately insured children (39% versus 30%). Rates of ED visits 
and hospitalization were highest among children in urban Chicago neighborhoods, 
while children in suburban neighborhoods outside Chicago visited least frequently 
(Table 2.4). Annual percent increases in rates for all visit types were significantly 
increased for all metropolitan statuses, and children from urban neighborhoods out-
side Chicago had the most pronounced annual percent increase (49%). The highest 
rate of hospitalization was seen among children in suburban Chicago neighborhoods. 
Hospital length of stay did not vary significantly by insurance type or metropolitan 
status (Dyer et al. 2015).

Rates of ED visits and hospitalizations also varied by specific allergen. The most 
frequent overall rates of ED visits and hospitalizations were seen among children 
with peanut allergy (Table 2.4), while hospitalization was most frequent among chil-
dren with milk-induced anaphylaxis (Dyer et al. 2015). The annual percent increase 
in ED visits and hospitalizations was most pronounced for children with tree-nut 
induced anaphylaxis. Hospital length of stay did not vary significantly by allergen 
(Dyer et al. 2015).

2.5.3  �What Data on Pediatric ED and Hospital Visits 
Due to Food-Induced Anaphylaxis Tells Us

Food allergy-related ED visits and hospitalizations are increasing in frequency 
across socioeconomically and racially/ethnically diverse populations. Understanding 
these trends may help better target efforts aimed at preventing food-allergic reac-
tions. Our work suggests the epidemiology of food allergy may be changing, as 
children with the lowest rates of ED visits and hospitalizations experienced the 
highest annual percent increases in visit rates over the study period. It is unclear 
whether these observations represent changes in disease prevalence or in healthcare 
access and utilization. In this study, children from urban Chicago neighborhoods 
visited most frequently, and those from suburban neighborhoods outside the city 
had the highest annual percent increase in visits. The first of these findings, at least, 
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is consistent with those presented in Sect. 2.2, where we found that urban status was 
positively correlated with the prevalence of food allergy. This study also found that 
children with peanut and tree nut allergies are more likely to visit the ED than children 
with other food allergies, which is in keeping with previous literature reporting that 
children with peanut and tree nut allergies are more likely to have severe reactions 
(Dyer et al. 2015).

2.6  �Differences in Empowerment and Quality of Life 
Among Parents of Children with Food Allergy

Given that food allergens are often difficult to avoid, and treatment for food allergy is 
limited, food allergies can strain relationships and demonstrably lower quality of life 
for allergic children and their families. We therefore aimed to describe the differences 
in empowerment to care for children with food allergies and food allergy-related qual-
ity of life (FAQOL) in mothers and fathers of a cohort of 876 children with food 
allergy (Warren et al. 2015). Empowerment was assessed through 16 items adapted 
from the Family Empowerment Scale (Koren et  al. 1992). Empowerment scores 
derived largely from measures of parental confidence, parental involvement, per-
ceived ability to act, and parental food allergy education. FAQOL was assessed 
through 15 items adapted from the Food Allergy-related Quality Of Life–Parental 
Burden scale (Cohen et al. 2004). The questionnaires (Table 2.5) used to measure both 
empowerment and FAQOL were negatively worded, meaning that a lower score 
represented greater empowerment or FAQOL. We also sought to understand how the 
relationships between perceived levels of support and resource access tracked with 
FAQOL. These relationships are summarized in Table 2.6.

2.6.1  �Parental Empowerment and FAQOL

Significant differences were seen between mothers and fathers in both empower-
ment and FAQOL. Mothers reported significantly greater empowerment (p < 0.001) 
and significantly lower FAQOL (p < 0.001) than fathers, regardless of their chil-
dren’s allergy severity, specific allergen, or comorbidities. Empowerment was not 
significantly associated with FAQOL among mothers or fathers. Having “the sup-
port of friends and family to help care for your child” and “the resources you need 
to care for your child” were significant predictors of high FAQOL in both mother 
and fathers but had a significantly greater impact on mothers’ FAQOL (Warren et al. 
2015). Non-Hispanic White ethnicity was significantly associated with increased 
FAQOL among both mothers and fathers, while Hispanic ethnicity was associated 
with reduced FAQOL among fathers only. Child age was not associated with pater-
nal FAQOL; however, high maternal FAQOL was positively associated with having 
a child 2–5, 6–10, and 11–13 years old. The presence of comorbid conditions was 
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Table 2.6  Predictors of parental food allergy-related quality of life

Dependent variable: 
quality of life among 
parents of children 
with FA

Mother (n = 801) Father (n = 723)

Coefficient (95% CI) P value Coefficient (95% CI) P value

Empowerment 
composite score

0.008 (−0.083, 0.010) 0.862 0.002 (−0.0666, 0.071) 0.946

Food allergy severity 3.729 (0.856, 6.602) 0.011 4.476 (1.726, 7.225) 0.001
Other chronic 
condition

5.559 (2.418, 8.699) 0.001 1.364 (−1.553, 4.281) 0.359

Age (vs 0–1 years)
2–5 years −7.233 (−12.313, 

−2.152)
0.005 −2.282 (−7.102, 2.538) 0.353

6–10 years −11.250 (−17.959, 
−4.521)

0.001 −2.926 (−9.143, 3.291) 0.356

11–13 years −12.295 (−20.263, 
−4.327)

0.003 −3.082 (−11.369, 
5.205)

0.465

≥14 years 5.032 (−9.587, 19.651) 0.499 −8.146 (−22.073, 
5.782)

0.251

Male sex 1.139 (−1.580, 3.858) 0.411 2.697 (0.127, 5.266) 0.040
Race or ethnicity (vs 
other)
Non-Hispanic white −17.663 (−24.871, 

−10.456)
0.000 −7.881 (−15.039, 

−0.722)
0.031

Non-Hispanic black −0.723 (−5.306, 3.860) 0.757 2.678 (−1.727, 7.082) 0.233
Hispanic 1.372 (−7.187, 9.931) 0.753 9.218 (0.905, 17.531) 0.030
Asian −1.212 (−5.947, 3.522) 0.615 2.747 (−1.863, 7.357) 0.242
Number of siblings −0.102 (−1.854, 1.65) 0.909 −1.437 (−3.0854, 

0.212)
0.087

Health insurance (vs 
public)
Private −0.704 (−7.102, 5.694) 0.829 2.188 (−4.377, 8.753) 0.513
Other 1.725 (−9.413, 12.863) 0.761 1.805 (−8.522, 12.132) 0.732
Parental education (vs 
no college)
College educated −3.753 (−7.929, 0.422) 0.078 −0.818 (−4.756, 3.121) 0.684
Income (vs <$50,000)
$50,000–$99,999 −1.950 (−8.286, 4.386) 0.546 1.293 (−5.265, 7.851) 0.699
≥$100,000 −1.487 (−7.798, 4.823) 0.644 −2.052 (−8.557, 4.453) 0.536
Unknown −5.111 (−13.812, 3.590) 0.249 −3.700 (−12.413, 

5.012)
0.405

Support from family 
and friends

−14.769 (−19.835, 
−9.703)

0.000 −10.145 (−15.104, 
−5.186)

0.000

Resources needed to 
care for child

−17.773 (−26.064, 
−9.483)

0.000 −11.458 (−21.612, 
−1.303)

0.027

Warren et al. (2015)
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associated with significantly decreased FAQOL among mothers but not fathers. The 
presence of comorbid conditions resulted in no significant differences in parental 
empowerment. FAQOL was significantly lower for mothers and fathers of children 
with a history of food-induced anaphylaxis compared to parents of children with 
mild or moderate food allergy. Mothers of children with peanut, milk, egg, and tree 
nut allergies reported significantly greater empowerment and lower FAQOL than 
did fathers of children with these specific allergies. Parents of children with milk 
and egg allergies had significantly lower FAQOL scores, despite being similarly 
empowered to parents of children with all other allergies, even after correcting for 
the younger age of children with milk and egg allergies.

2.6.2  �Parental Concerns and Possible Interventions to Improve 
Parental FAQOL

The constant risk, real or perceived, of potentially fatal anaphylaxis distinguishes 
food allergy from many other chronic conditions, and presents a substantial burden 
to parents as well as a challenge to researchers and policy-makers.

Parental concern in QOL assessments was greatest for items involving fear of 
allergen exposure outside the home. Elevated concern about allergic episodes 
occurring outside the home is in keeping with the relationship between FAQOL and 
empowerment presented here; in the case of food allergy, being aware of risks may 
lead to greater stress. Given the prevalence of poor QOL among parents of children 
with food allergy, there is a need for comprehensive means of addressing low 
FAQOL in this population. Ideally, knowing more about food allergy would mean a 
higher quality of life, however there are too many variables to be able to expect 
this sort of outcome in the near term for all parents. Similarly, in best cases, 
empowerment would positively correlate with FAQOL outcomes.

The differences seen between maternal and paternal QOL among parents of 
children with food allergy have also been demonstrated in asthma (Hederos et al. 
2007), developmental disorders (Yamada et al. 2012), and other chronic conditions 
(Goldbeck 2006) as well. The cause of this difference between mothers and fathers 
needs further elucidation. Our findings support the importance of social networks for 
parents of food-allergic children, especially mothers. Building mutually supportive 
social networks may increase parental FAQOL (Warren et al. 2015).

2.7  �Food Allergen Labeling and Purchasing Habits  
in the U.S. and Canada

Mandatory labeling for common food allergens exists in the U.S., with a similar set of 
guidelines in Canada. Standardization of labeling practices has increased safety for 
consumers with food allergies. However, precautionary labeling (e.g., “may contain,” 

R.S. Gupta et al.
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“processed in a facility”), which is neither standardized nor regulated, has become 
more common, and its effects on the purchasing and eating habits of individuals 
with food allergy are largely unknown. We therefore sought to characterize the 
purchasing habits of a cohort of 6684 people with food allergy or their caretakers, 
from the U.S. and Canada (Marchisotto et al. 2016).

2.7.1  �Labeling Knowledge and Purchasing Behavior

The results showed that 29% of respondents were unaware of laws requiring labeling 
of major allergens. Moreover, 46% of respondents were unaware of or mistaken 
about guidelines regarding advisory or precautionary labeling.

Purchasing habits were evaluated by type of labeling, severity of allergy, and 
country of purchase. Twelve percent of respondents reported purchasing food 
labeled to indicate that it “may contain” their allergen, whereas 40% reported 
purchasing foods labeled “manufactured in a facility that also processes” their aller-
gen (Marchisotto et al. 2016).

2.7.2  �Implications of Labeling Practices and Purchasing 
Behavior

None of the precautionary labels evaluated have specific legal definitions, leaving 
consumers without safety information. The potential danger of non-standardized 
precautionary labeling is especially salient for children and families with limited 
access to fresh food and greater dependence on packaged goods. This observation 
may influence the differences in food allergy outcomes seen among children of 
different socioeconomic statuses (Marchisotto et  al. 2016). Children of families 
who predominantly have access to packaged foods may be more likely to suffer 
due to unclear labeling, simply as a product of their consuming more of these foods 
in their diets.

2.8  �The Economic Impact of Childhood Food Allergy 
in the U.S.

Attempts to assess the economic burden of food allergy in the U.S. have been lim-
ited by the use of federal diagnosis code data, which may fail to capture all cases 
and does not take into consideration direct and indirect costs to families. We used a 
cross-sectional survey of parents and caregivers of children with food allergy 
(n  =  1643) to quantify the costs associated with caring for a child with food 
allergy (Gupta et  al. 2013). Costs considered included direct medical expenses 
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(e.g., physician fees and fees for ED visits and hospitalizations), out-of-pocket 
expenses (e.g., safe foods, clinic or ED copays, medications), lost-labor costs 
(e.g., taking time off work for allergy-related reasons), and opportunity costs 
(e.g., needing to leave or change jobs). Caregivers were also questioned about their 
willingness to pay for effective food allergy treatments. We assessed the distribu-
tion of these costs to families across multiple demographic categories. The total 
cost of food allergy in the U.S. was estimated to be $24.8 billion annually (Gupta 
et al. 2013).

2.8.1  �Direct Medical Costs of Childhood Food Allergy

Direct medical costs include costs of the health care system for the diagnosis, 
treatment, and prevention of childhood food allergy. Data were collected by asking 
caregivers of children with food allergy about outpatient, ED, and inpatient visits 
over a 1-year span. Costs for each type of encounter were estimated from several 
sources, including Medicare data, the Healthcare Cost and Utilization Project 
Nationwide Emergency Department Sample, and the Healthcare Cost and Utilization 
Project Nationwide Inpatient Sample.

Direct medical costs were estimated to be $4.3 billion per year (Table  2.7). 
Hospitalizations accounted for almost 50% of this figure, while ED visits made up 
18% of annual direct medical costs. Specialist visits of other sorts made up the 
remainder of direct medical expenses.

2.8.2  �Costs Borne by Families

Costs borne by families included out-of-pocket, lost labor productivity, and opportunity 
costs. The total cost borne by caregivers was $20.5 billion per year.

Table 2.7  Direct medical costs of childhood food allergy

Characteristic

Children 
with visit, 
% (SE)

Visits per 
child, 
mean (SE)

Cost, US$

Visit Child
Overall annual 
(in millions)

Visits
Pediatrician 42 (2) 0.82 (0.05) 112 92 543
Allergist 41 (2) 0.79 (0.05) 175 138 819
Pulmonologist 14 (1) 0.07 (0.01) 175 12 71
Nutritionist 17 (1) 0.16 (0.04) 100 16 96
Alternative provider 17 (1) 0.23 (0.05) 100 23 136
Emergency department 13 (1) 0.18 (0.02) 711 129 764
Inpatient hospitalization stays 4 (1) 0.05 (0.01) 6269 314 1863
Total direct medical costs 724 4292

Gupta et al. (2013)
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2.8.3  �Out-of-Pocket Costs

The total out-of-pocket cost to families was $5.5 billion per year (Table  2.8). 
Allergen-free foods were the greatest out-of-pocket expense, accounting for over 
30% of the annual figure. Changes in child care and schooling together comprised 
27% of all out-of-pocket costs.

2.8.4  �Lost Labor Costs to Families

Lost labor was defined as the sum of unearned wages due to caregiver hours spent on 
food allergy-related healthcare visits, based on the mean national hourly labor wage. 
Lost labor costs totaled $773 million (Gupta et al. 2013).

Table 2.8  Out-of-pocket costs of childhood food allergy

Variable
% Reporting 
cost (SE)

Mean direct 
out-of-pocket 
costs, US$ 
(SE)

Cost per 
child, 
US$

Overall 
annual cost 
(in millions), 
US$

Visits to the physician’s office or 
health clinic (including copays)

52.5 (2.2) 160 (14) 84 499

Visits to the emergency room 
(including copays)

16.1 (1.6) 247 (42) 40 235

Overnight stays at the hospital 10 (1.4) 411 (182) 41 244
Travel to and from health care visits 
(including ambulance use; parking 
expenses)

27.7 (1.8) 91 (14) 25 149

Epinephrine injectors (Epipen, 
Epipen Jr.)

35.9 (1.9) 87 (4) 31 184

Antihistamines (Allegra, Benadryl, 
Claritin, Zyrtec)

50.8 (2.2) 62 (4) 32 188

Other prescription/nonprescription 
medication

29.3 (1.9) 122 (13) 36 211

Non-traditional medicine (such as 
herbal products)

15 (1.6) 123 (30) 19 110

Costs associated with special diets 
and allergen-free foods

37.7 (2.0) 756 (59) 285 1689

Additional/change in child care 6.7 (0.8) 2158 (323) 145 857
Legal guidance 2.3 (0.6) 402 (122) 9 55
Counseling or mental health services 4.5 (0.7) 571 (123) 26 152
Special summer camp 3 (0.7) 702 (183) 21 125
A change in schools was needed due 
to this child’s food allergy

4.2 (0.7) 2611 (497) 110 650

Other out-of-pocket expenses (e.g., 
cleaning supplies, skin care products, 
transportation)

9.2 (1.1) 396 (86) 36 216

Any out-of-pocket costs 74.3 (2.1) 1252 (90) 931 5516

Gupta et al. (2013)
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2.8.5  �Opportunity Costs to Families

A job-related opportunity cost was reported by 9.1% of caregivers. These costs 
consisted of restricted career choice, need to leave a job, need to change the jobs, or 
losing a job. The opportunity cost to families was calculated as the product of the 
percent of caregivers reporting lost opportunity in the labor market, the mean 
reported cost of these opportunities, and the number of children with food allergy in 
the U.S. The annual lost opportunity cost of forgone labor was estimated at $14 billion 
per year (Table 2.9).

2.8.6  �Willingness to Pay

Willingness to pay (WTP) was calculated by surveying caregivers about the amount 
they would be willing to spend on a hypothetical treatment for food allergy that 
would allow their child to eat all foods. Annual WTP equaled $20.8 billion per year. 
This cost was not the same as their current medical costs, but instead asked about an 
imaginary treatment which would enable consumption of all foods without causing 
an allergic reaction.

2.8.7  �What the Economic Impact of Childhood Food Allergy 
in the U.S. Tells Us

To our knowledge, this was the first study to comprehensively quantify the economic 
impact of food allergy in the U.S. We have shown that families affected by food 
allergy bear a substantial financial burden. The total cost of food allergy was esti-
mated to be $24.8 billion annually. Over 80% of this cost is borne by families of 

Table 2.9  Opportunity cost of childhood food allergy

Characteristic
Reporting, 
% (SE)

Opportunity, 
mean (SE)

Cost, US$ 
per child

Overall annual 
(in billions)

Choice of career has been 
restricted

5.7 (0.9) 15 655 (2471) 892 5.3

A job had to be given up 4.9 (0.7) 29 657 (4151) 1453 8.6
A job was lost through dismissal 1.9 (0.6) 14 849 (7479) 282 1.7
A job change was required 2.5 (0.6) 10 605 (3161) 265 1.6
Any job-related opportunity cost 
(total amount)

9.1 (1.0) 32 719 (4166) 2977 17.6

Any job-related opportunity cost 
(maximum amount)

9.1 (1.0) 26 363 (2545) 2399 14.2

Gupta et al. (2013)
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those with allergies. To put these numbers in context, we compare them with those 
of asthma, as asthma affects a similar number of children in the U.S. (Fox et al. 
2013). Direct medical costs for asthma have been estimated at $3259 per person 
(regardless of age) per year, which is roughly five times the cost per food-allergic 
child ($724 per child) (Barnett and Nurmagambetov 2011). Prescription medica-
tions account for over 50% of the direct medical costs associated with asthma 
(Fox et  al. 2013). In comparison, few prescriptions exist to treat food allergy. 
Instead, food allergy requires families to make accommodations in many other 
areas of life, each with substantial financial costs to the family. Unlike prescription 
medicine, the opportunity cost of caregiver time is seldom covered by insurance. 
These sorts of expenses are especially burdensome to low-income families, who 
cannot easily afford special foods or to sacrifice hours at work.

Annual WTP was estimated at $20.8 billion per year. This figure is similar to the 
reported annual cost borne by caregivers ($20.5 billion) and therefore seems to 
confirm the validity and consistency of the two analytic approaches employed in 
this study. That is, the fact that WTP closely matches the amount actually spent by 
families supports the idea that the method of measuring WTP is a successful model 
(Gupta et al. 2013).

2.9  �Socioeconomic Disparities in the Economic Impact 
of Childhood Food Allergy in the U.S.

Little is known about how food allergy-related costs are distributed across racial/eth-
nic and socioeconomic lines. We therefore set out to quantify disparities in the distri-
bution of direct and out-of-pocket costs associated with childhood food allergy 
between socioeconomic and racial/ethnic groups (Bilaver et  al. 2016). Data were 
obtained via cross-sectional survey of 1643 U.S. caregivers with a food-allergic child. 
Variables surveyed were direct medical costs (calculated from parent-reported outpa-
tient visits), ED visits and hospitalizations, and out-of-pocket costs (calculated from 
parent-reported amounts spent on medication, insurance co-pays, mental health ser-
vices, legal services, special schooling, child care, camp tuition, and special food). 
Five racial (African American, Asian, Hispanic, White, Other) and three socioeco-
nomic (household income of: <$50K, $50–$99K, ≥$100K) groups were compared 
(Bilaver et al. 2016).

2.9.1  �Examining Medical Access by Socioeconomic Status 
(SES) and Race/Ethnicity

We have previously shown that African American and Hispanic children are signifi-
cantly less likely to have formal diagnoses of food allergy (Sect. 2.2.1.3). However, 
there has been no reported evidence of a relationship between race or ethnicity and 
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food allergy severity. It is also known that children from higher income households 
are more likely than children from low-income households to be prescribed epi-
nephrine auto-injectors (Coombs et al. 2011). Higher income families are also more 
likely to have administered epinephrine to their children before reaching the emer-
gency department in cases of food-induced anaphylaxis (Huang et al. 2012). These 
higher rates of prescription and of epinephrine use are not indicative of children 
from high-income families; we have shown that children with public insurance have 
higher yearly rates of ED visits for food-induced anaphylaxis than children with 
private insurance. Instead, wealthier families may have an easier time accessing 
healthcare resources.

2.9.1.1  �Medical Costs by SES

Households making <$50K spent 2.5 times the amount that higher-income families 
spent on ED visits and hospitalizations due to food allergy. Conversely, spending on 
specialists was significantly lower in the lowest income group than the highest 
income group. Families in the highest income group also spent significantly more 
(>2 times more) on medication than did the lowest income group (Table 2.10).

Table 2.10  Direct and out-of-pocket mean annual costs by socioeconomic status (household 
income in US$) (top) and by race/ethnicity (bottom)

Direct and out-of-pocket mean annual costs (SE), US$ by household income

Type of cost <$50K $50K–99K ≥$100K
Total Direct Costs borne by health 
care system

1374 (274) 1024 (125) 940 (128)

ER and Hospitalization costs* 1021 (209) 434 (106) 416 (94)
Specialist costs** 228 (21) 330 (27) 311 (18)
Total Out-of-Pocket Costs borne 
by families

3174 (858) 3434 (658) 5062 (1168)

Medication costs*** 171 (26) 275 (30) 366 (44)
Special food costs 744 (216) 941 (230) 1545 (347)
*p < 0.05, **p < 0.01, ***p < 0.001 for F-test of equality of means across groups
Bilaver et al. (2016)

Type of cost White
African 
American Hispanic Asian

Total Direct Costs borne by health 
care system***

999 (104) 493 (109) 643 (224) 885 (514)

ER and Hospitalization costs*** 504 (79) 108 (60) 395 (220) 1271 (630)
Specialist costs*** 310 (13) 157 (40) 127 (37) 101 (36)
Total Out-of-Pocket Costs borne 
by families***

4203 (750) 395 (452) 1093 (856) 1327 (1948)

Medication costs*** 312 (28) 52 (18) 148 (78) 87 (37)
Special food costs*** 1213 (200) 177 (501) 219 (281) 148 (290)
*p < 0.05, **p < 0.01, ***p < 0.001 for F-test of equality of means across groups
Bilaver et al. (2016)

R.S. Gupta et al.
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2.9.1.2  �Medical Costs by Race/Ethnicity

Significant differences in spending were also seen across racial/ethnic lines. An F-test 
for equality of means across the five racial/ethnic groups, measuring total direct costs 
borne by the healthcare system, returned a p-value less than 0.001. The same level of 
significance was seen between groups for equality of means when examining total out-
of-pocket costs. White families spent more on specialists, medications, and special 
foods than did families from other racial or ethnic groups. African American children 
incurred the lowest direct medical expenses and spent the least on out-of-pocket 
costs per year of all racial and ethnic groups (Table 2.10).

2.9.1.3  �What Socioeconomic Disparities in the Economic Impact 
of Childhood Food Allergy Tell Us

Given these findings, we hypothesize that children from low income and non-White 
families may have reduced access to preventative health care and subspecialty 
visits, and often rely on emergency treatment for the acute adverse reactions. 
Increasing access to subspecialist care, safe foods, and epinephrine is therefore crucial. 
Epinephrine availability in public places and equity in the management of food 
allergy are issues that still needs more effort (Bilaver et al. 2016).

2.10  �Asthma and Food Allergy Management and Emergency 
Epinephrine Use for Food Allergy Reactions in Chicago 
Public Schools

The provision of stock or undesignated epinephrine auto-injectors (EAIs) in schools 
and other public places is the subject of active investigation and debate. During the 
2012–2013 school year, Chicago Publics Schools (CPS) began providing undesig-
nated epinephrine to district schools. We collected data on epinephrine auto-injector 
use at the end of the school year and analyzed them to elucidate effects on food-
allergy outcomes (Gupta et al. 2014). To our knowledge, these studies are the first to 
examine asthma and food allergy reporting and management, as well as the impact 
of providing stock epinephrine auto-injectors on food allergy outcomes, in a large 
urban school district.

2.10.1  �Distribution of EAI Use in CPS

Thirty-eight district-issued EAIs were administered during the first year of the program. 
The majority of these injections were given in elementary schools. EAIs were most 
commonly used on Chicago’s North-Northwest side (37%); however nearly three 
quarters as many EAIs were used in schools on Chicago’s Far South Side as were used 
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on the North-Northwest side. The overwhelming discrepancy in diagnosis of food 
allergies between these two parts of the city (47% versus 8%) is not reflected in the 
usage of EAIs. More than half of all district-issued EAIs were used for the recipient’s 
first-time anaphylactic event. Food was identified as the trigger in more than half of all 
reactions, while the cause of over one-third of reactions was unknown (Table 2.11).

Table 2.11  Characteristics 
and triggers of the administer 
of district-issued epinephrine

Variable Frequency, % (n)

Person with allergic reaction
Chicago public school student 92.1 (35)
Chicago public school staff 7.9 (3)
School type
Elementary school 63.2 (24)
High school 36.8 (14)
Geographic collaborative
Far South Side 26.3 (10)
North-Northwest 36.8 (14)
South Side 13.2 (5)
Southwest Side 10.5 (4)
West Side 13.2 (5)
First-time incident
Yes 55.0 (21)
No 45.0 (17)
Administered by
School nurse 76.3 (29)
Other school staff 18.4 (7)
Self-administered 5.3 (2)
Epinephrine dose
Adult 57.9 (22)
Junior 23.7 (9)
Missing 18.4 (7)
911 Called
Yes 81.6 (31)
No 2.6 (1)
Missing 15.8 (6)
Allergic trigger—food 55.3 (21)
 � Peanut 18.4 (7)
 � Tree nut 2.6 (1)
 � Shellfish 2.6 (1)
 � Fin fish 13.2 (5)
 � Food—other 13.2 (5)
 � Food—unknown 5.3 (2)
Allergic trigger—other 10.5 (4)
 � Insect venom 5.3 (2)
 � Animals 2.6 (1)
 � Grass 2.6 (1)
Allergic trigger—unknown 34.2 (13)

DeSantiago-Cardenas et al. (2015)

R.S. Gupta et al.
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2.10.2  �CPS Food Allergy Data by Race, SES, and Geographic 
Region

Odds of having food allergy were significantly higher among African American 
(OR = 1.1) and Asian students (OR = 1.4) than White students. African American 
and Hispanic students made up substantial portions of all food-allergic students 
(prevalence of food allergy and asthma is detailed in Table 2.12).

Odds of having food allergy were significantly lower among students who 
received free (OR = 0.3) or reduced (OR = 0.5) lunch than among those who did not. 
Odds of food allergy were also significantly lower among all other geographic 
regions when compared with the city’s North-Northwest Side.

2.10.3  �Emergency Action Plan Data in CPS

A 504 plan is an emergency action plan put together by parents and schools to ensure 
appropriate steps are taken in the event of anaphylaxis or an acute asthma exacerba-
tion. Fifty-one percent of CPS students with food allergy had a 504 plan on file for 

Table 2.12  Adjusted odds ratios of asthma and food allergy diagnoses among CPS students

Variable Asthma Food allergy

Age (vs 3–5 years)
6–10 10.4 (5.7–19.2)** 1.3 (1.2–1.4)**
11–13
$14

12.9 (7.0–23.8)**
11.0 (6.0–20.2)**

1.0 (0.9–1.1)
0.7 (0.6–0.8)**

Gender
Male versus female 1.4 (1.4–1.5)** 1.3 (1.2–1.4)**
Race/ethnicity (vs white)
Black 2.3 (2.2–2.4)** 1.1 (1.0–1.3)*
Hispanic
Asian
Multiracial all
Other

1.3 (1.2–1.4)**
0.8 (0.7–0.9)**
1.7 (1.5–2.0)**
1.1 (0.9–1.3)

0.8 (0.7–0.9)**
1.4 (1.2–1.6)**
1.5 (1.3–1.9)**
1.0 (0.7–1.3)

Free/reduced lunch program (vs did not apply)
Free
Reduced
45-day temporary free
Denied

1.1 (0.9–1.1)
1.0 (0.9–1.0)
1.0 (0.8–1.3)
1.1 (1.0–1.2)*

0.3 (0.3–0.4)**
0.5 (0.4–0.5)**
0.5 (0.4–0.8)**
0.8 (0.8–0.9)**

Geographic region (vs North-Northwest Side)
Far South Side
South Side
Southwest Side
West Side

0.7 (0.7–0.8)**
0.7 (0.7–0.8)**
0.7 (0.7–0.8)**
0.9 (0.9–0.9)**

0.7 (0.6–0.7)**
0.6 (0.6–0.7)**
0.5 (0.5–0.6)**
0.6 (0.6–0.7)**

Data are presented as OR (95% CI). *p < 0.05, **p < 0.001
Gupta et al. (2014)
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the aforementioned school year. Among students with food allergy and/or asthma, 
odds of having a 504 Plan decreased as age increased. Overall odds of having a 504 
plan were lower for boys than girls, African American and Hispanic students than 
White students, students who qualified for free or reduced lunch than those who did 
not, and among students from all other areas of Chicago when compared with the 
North-Northwest Side. Similar odds of having a 504 plan were found between 
students who had food allergy versus students who had asthma. Forty percent of all 
food-allergic students also had asthma, while only 9% of students with asthma also 
had food allergy. Whether this disparity is due to variability in disease prevalence or 
differences in reporting of chronic conditions to CPS is uncertain (Prevalence of 504 
plans is detailed in Table 2.13).

Table 2.13  Adjusted odds ratios of having school health management plans (504 plans) among 
CPS students, by asthma and food allergy diagnosis

Variable Asthma Food allergy

Age (vs 3–5 years)
6–10 1.2 (1.0–1.3)* 1.1 (0.9–1.3)
11–13
$14

0.8 (0.7–0.8)**
0.5 (0.4–0.6)**

0.7 (0.5–0.9)*
0.5 (0.4–0.6)**

Gender
Male versus female 0.8 (0.7–0.8)** 0.7 (0.7–0.9)*
Race/ethnicity (vs white)
Black 0.5 (0.4–0.6)** 0.6 (0.5–0.7)**
Hispanic
Asian
Multiracial all
Oother

0.8 (0.7–0.9)*
1.0 (0.8–1.3)
1.0 (0.8–1.4)
0.9 (0.6–1.4)

0.9 (0.7–1.2)
0.9 (0.6–1.2)
1.0 (0.7–1.6)
0.8 (0.4–1.5)

Free/reduced lunch program (vs did not apply)
Free
Reduced
45-day temporary free
Denied

0.6 (0.5–0.7)**
0.8 (0.6–0.9)*
0.7 (0.4–1.2)
1.0 (0.8–1.2)

0.5 (0.4–0.6)**
0.7 (0.5–0.9)*
0.4 (0.2–0.9)*
0.9 (0.7–1.1)

Immunization status
Compliant versus not compliant 1.4 (1.1–1.8)* 1.7 (1.1–2.7)*
Geographic region (vs North-Northwest Side)
Far South Side
South Side
Southwest Side
West Side

0.6 (0.5–0.7)**
0.6 (0.5–0.6)**
0.6 (0.5–0.6)**
0.5 (0.5–0.6)**

0.4 (0.3–0.6)**
0.5 (0.4–0.7)**
0.5 (0.4–0.6)**
0.6 (0.5–0.7)**

Chronic condition
Asthma
Food allergy

—
4.1 (3.7–4.6)**

1.9 (1.7–2.2)**
—

Data are presented as OR (95% CI). *p < 0.05, **p < 0.001
Gupta et al. (2014)
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2.10.4  �Conclusions and Recommendations based on EAI 
and Emergency Action Plan Data from CPS

CPS is the largest school district in the country to have taken on the challenge of 
providing its schools with undesignated EAI for the emergency treatment of ana-
phylaxis. We have described a discrepancy between documented food allergy and 
EAI usage in CPS. These findings reinforce previous evidence of underdiagnosis of 
food allergy among low income and minority populations, and therefore the need 
for undesignated EAIs. Research has shown that 20–25% of children experience 
their first reaction in schools. Moreover, 30% of nurses report that they have had to 
use one child’s EAI on another. These facts, along with those already presented, 
make the necessity of undesignated EAIs and 504 plans clear.

Our data show that 504 plans are substantially underutilized among CPS students. 
Underutilization of management plans has been reported widely in the recent litera-
ture, suggesting it is a problem across school districts. Moreover, although African 
American and Hispanic students were disproportionately affected by asthma and food 
allergy, they were significantly less likely than white CPS students to have school 
health management plans on file. Low-income students (approximated as those who 
participated in the free/reduced lunch program) were also significantly less likely than 
more affluent students to have 504 plans on file. It is unclear whether racial and socio-
economic variability in food allergy is intrinsic to the disease process; however, it is 
possible that the disparities seen here are attributable, at least in part, to barriers to care 
and diagnosis among racial/ethnic minorities and economically disadvantaged 
households. Given the uneven geographic distribution of healthcare providers 
throughout Chicago and the difficulty that low-income families face in accessing 
healthcare resources, it is unsurprising that the diagnosis of food allergies does not 
mirror, its incidence.

Given that this study was performed using CPS data and therefore only includes 
students with physician-verified food allergies and asthma, rates of these conditions 
may be higher than reported among the low-income populations within 
CPS. Currently, a CPS student needs a physician’s verification to create a 504 plan. 
Low-income students, who often depend on school support programs, may there-
fore be excluded due to limited access to healthcare resources. A potential low-cost 
solution would be to offer 504 plans without requiring physician verification of a 
food allergy diagnosis (Gupta et al. 2014).

2.11  �Conclusion

We have detailed the prevalence of food allergy, its geographic distribution, and the 
burden it places on the medical system, families, minority and low-income commu-
nities, and schools. Under-privileged populations bear a disproportionate share of 
this burden. This review of our research provides a big-picture of the public health 
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impact of food allergy. Given the economic, social, and psychological burdens that 
food allergy presents with, more systematic solutions are needed. These costs will 
eventually accumulate along with the increasing rates of food allergy diagnosis. 
While progress toward a cure is incremental, broad access to food allergy education 
and undesignated epinephrine can be implemented now. An understanding of 
best practices and the emergency care of food-allergic reactions are tools currently 
available. It is vital that we take strides to distribute these lifesaving resources.
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Chapter 3
Current U.S. State Legislation Related to Food 
Allergen Management

Wendy Bedale

3.1  �Introduction

Effective management of food allergens and allergic reactions are important goals 
for restaurants, schools, day care facilities, higher education institutions, and many 
other establishments where food may be consumed. Strategies to prevent unwanted 
food allergen exposure and to effectively treat anaphylactic reactions resulting from 
accidental exposures are important cornerstones of food allergen/food allergy man-
agement. Increased awareness and knowledge of food allergens, particularly for 
food handlers, is an important way to prevent accidental exposure (or errors in 
ingredient disclosure), especially since many serious anaphylaxis events occur in 
restaurants or outside the home (Eigenmann and Zamora 2002; Weiss and Munoz-
Furlong 2008). Prompt treatment of anaphylaxis with epinephrine can save lives 
(Xu et  al. 2014) and reduce hospitalizations (Fleming et  al. 2015). This efficacy 
together with its relative safety (Manivannan et al. 2014) has prompted legislative 
initiatives to facilitate availability of intramuscular (autoinjector) epinephrine in 
schools and other public locations where food allergy reactions can occur.

Because food allergies may be categorized in the general public’s minds with 
food intolerances (Yee Ming and Hui 2015) or voluntary food restrictions made as 
lifestyle choices, the seriousness of food allergy reactions is not always appreciated 
by those who may serve food to a food allergic individual (Gupta et  al. 2009). 
Increasing awareness of food allergies can prevent accidental allergen exposures by 
making sure those responsible for preparing and serving food know how to prevent 
cross-contact and accidental exposures. An understanding of the consequences of 
food allergies and their management can also facilitate rapid and effective intervention 
in the event of an exposure.
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To improve food allergy knowledge or management, voluntary measures such 
as guidelines can achieve success, but using the power of the law may be more 
effective. The Canadian province of Ontario was an early (2005) adopter of legis-
lation (“Sabrina’s Law”) to improve management of anaphylactic events at 
schools (Cicutto et al. 2012). In 2003, Sabrina Shannon died from an anaphylactic 
reaction that occurred while she was in school (Gregory 2012). In her honor, 
Sabrina’s Law required school boards to develop anaphylaxis management plans 
and to provide training to school staff regarding epinephrine administration (Food 
Allergy Canada 2017). A recent study compared schools within Ontario to schools 
in other Canadian provinces with voluntary policies, concluding that schools in 
legislated environments were more effective in helping students at risk for ana-
phylaxis (Cicutto et al. 2012).

Laws can, therefore, have an impact on food allergy/allergen management. 
Such laws can take the form of legal requirements or mandates for certain actions 
which improve control of food allergens or facilitate rapid and effective treatment 
when an accidental exposure occurs. Another approach is to provide incentives for 
these types of actions. Because health- and education-related laws are typically 
made at the state or local level, the federal government may use “carrot” rather 
than “stick” approaches to encourage state and local governments to pass laws to 
achieve certain goals. U.S. federal law has been used to encourage state and local 
efforts in allergen management.

This chapter reviews U.S. state legislation aimed to improve food allergy/aller-
gen management. Background on key federal laws and other initiatives related to 
food allergy/allergen management that have influenced state legislation is provided. 
As can be seen in Fig. 3.1, many of these federal initiatives occurred between 2000 
and 2013, which corresponds to when certain key state initiatives germinated.

The role of food allergy tragedies such as Sabrina Shannon’s in shaping U.S. 
state efforts is discussed, after which various state-initiated legislation in areas of 
food allergen management in restaurants, schools, colleges and universities, and 
public entities is described. Current and potential future state initiatives related to 
food allergens are briefly discussed. The reader is also referred to Chap. 4, which 
presents an overview of FARE’s advocacy efforts related to national and state legis-
lation to improve food allergy awareness, management, and treatment.

3.2  �Background on Federal Laws, Guidelines, and Initiatives 
Related to Food Allergen Management

Federal laws have helped set the stage for state and local efforts related to food 
allergy/allergen management in a variety of ways, especially by increasing aware-
ness of food allergies and providing examples or guidelines for states to use to cre-
ate their own requirements.
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3.2.1  �Food Allergy as a Disability

Food allergies, even severe ones, have not always been considered disabilities.
Two U.S. federal civil rights laws, the Rehabilitation Act of 1973 and the 1990 

American Disabilities Act (ADA), prevent discrimination against individuals with 
physical or mental impairments. Such discrimination is defined as anything that 
prevents a disabled person from participating or benefiting equally to a nondisabled 
person, with no additional requirements or surcharges (Lynch 2017). Both of these 
laws prohibit this type of discrimination, with the Rehabilitation Act applying to 
programs and activities that are federally funded, while the more comprehensive 
ADA covers private employers, all state and local government programs (including 
public schools), and places of public accommodation (O’Brien-Heinzen 2010). 
Initially under these laws, a narrow interpretation of “disabled” was applied, and 
food allergic individuals did not often qualify (O’Brien-Heinzen 2010). Courts 
ruled in cases from 1999 to 2008 that food allergic individuals were not “substan-
tially limited” in their eating, their impairment was episodic, and mitigating mea-
sures (epinephrine) were considered available (Roses 2011).

The Americans with Disabilities Amendment Act of 2008 greatly expanded the inter-
pretation of “disabled,” eliminating the restrictions previously used to exclude food 
allergic individuals from coverage (Roses 2011). To illustrate how this law has changed 
how food allergic individuals are viewed, the U.S. Department of Education now even 
uses allergy as an example of a hidden disability. A student with a food allergy is now 
able to obtain a written management program for their disability under Section 504 of 
the Rehabilitation Act of 1973 if they attend a public school (or some private schools) 
(O’Brien-Heinzen 2010). The management program documents and puts in place 
formal measures to ensure the student can participate safely and fully in school.

The legal recognition that food allergies are disabling occurred at about the same 
time that state laws began to be written requiring food allergy/allergen management 
in schools and restaurants and may have contributed to the overall awareness of food 
allergies and the importance of managing them. Defining a food allergy as a disabil-
ity does not mean that restaurants or other public accommodations have to serve 
allergen-free food; however, such establishments should be able to provide informa-
tion about the ingredients of menu items and be prepared to omit allergenic ingredi-
ents from dishes upon request if it is not overly difficult to do so (Lynch 2017).

3.2.2  �Food Allergen Labeling and Consumer Protection Act 
of 2004 (FALCPA)

In 1999, FDA found that one-quarter of all manufactured baked goods, candy, and ice 
cream products tested contained peanut or egg proteins that were not listed on the 
product label (FDA 2004). The need to have better labeling to prevent serious allergic 
reactions was apparent. In response, a 2004 amendment to the Federal Food, Drug, and 
Cosmetic Act known as the Food Allergen Labeling and Protection Act (FALCPA) was 
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created, which required packaged foods to indicate the presence of one of the eight 
major allergens (wheat, soy, milk, eggs, peanuts, tree nuts, fish, and shellfish) on the 
product label. The allergen may be listed in one of several ways on the label, either after 
the ingredient list (following the word “Contains,” as in the circled portion of Fig. 3.2a) 
or within the ingredient list by following the allergen-containing ingredient with the 
name of the allergen in parentheses (Fig. 3.2b). Note the label in Fig. 3.2a actually 
contains both types of allergen labels, which should make it very clear to a consumer 
that the common name “edamame” is a soy ingredient that is contained in this food.

FALCPA did not require precautionary advisory labeling such as “may contain 
milk” or “made in a facility that also processes peanuts.” However, it likely played a 
role in the proliferation of such advisory labeling on packaged foods that has occurred 
since then. Such precautionary labeling is used voluntarily by industry and is not 
currently regulated in the U.S. (Allen et  al. 2014), but the lack of consistency in 
wording and usage has led to considerable confusion and criticism (Zurzolo et al. 
2012). However, the presence of the precautionary labeling, in particular, may have 
had an upside: its near ubiquity has likely raised general awareness of the seriousness 
of food allergies and highlighted the difficulty of eliminating food allergen cross-
contact during product manufacturing. In addition, the presence of precautionary 
labeling may protect the food-allergic customer from allergens present due to cross-
contact because FALCPA only covers allergens present as intended ingredients. FDA 
has advised that any advisory statements such as “may contain [allergen]” must be 
truthful and not misleading, and advisory statements should not be a substitute for 
adherence to current Good Manufacturing Practices (FDA 2006).

3.2.3  �U.S. FDA Food Code as a Foundation to State Food 
Code Laws

The U.S. FDA Food Code is a model law published by the FDA that recommends 
detailed food safety procedures for food service establishments, restaurants, retail 
food stores, nursing homes, and child care facilities. The FDA Food Code is not 

Fig. 3.2  Food ingredient labels declaring major allergens
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itself a law, but it serves as a reference that state and local governments can adopt 
as their own without the need for each to create their own from scratch (FDA 2005). 
The Food Code is now updated every four years to reflect the latest food safety 
knowledge, including newly identified or prioritized risks.

Food allergens were not explicitly addressed in the Food Code until 2005. 
Table 3.1 illustrates when provisions related to food allergens were added to the 
Food Code. Reflecting the 2004 passage of FALPCA, the 2005 version included 
definitions of the major food allergens and added labeling requirements for pack-
aged foods. Chapter 2 Subpart 102 of the 2005 Food Code also required for the first 
time that the “person in charge” at a retail food establishment have a demonstrated 
knowledge of major food allergens and the symptoms of an allergic reaction (FDA 
2005). In 2009, the Food Code required the person in charge to include food allergy 
awareness information in their employee training (FDA 2009). Various training 
programs have been developed to meet these and other training requirements 
for food service employees, including the Servsafe® Allergens Online Course 

Table 3.1  Food allergen provisions in the FDA food code versions and adoption by states

FDA food 
code 
version Food allergen provisions

States adopting this 
version(s)

1995–2001 None AZ, CT, DC, GAa, ID, 
IN, LA, MA, MN, NJ, 
NY, SD, VT

2005 •	� Added definition of major allergens (referring to 
the Food Allergen Labeling and Consumer 
Protection Act) to Chap. 1

•	� Added a requirement for the person in charge at a 
food establishment demonstrate knowledge of 
major food allergens and the symptoms of an 
allergic reaction to Chap. 2

•	� Added labeling requirements for major food 
allergens in packaged foods in Chap. 3

•	� Updated allergen information in Annex 4 on active 
managerial control/HACCP principles

AL, AK, CA, GAa, IL, 
KY, RI, VA, WV

2009 Added “food allergy awareness” to Chap. 2 as a part 
of the food safety training of employees as related to 
their duties by the person in charge

AR, CO, FL, HI, IA, 
KS, ME, MD, MI, MO, 
NE, NV, NH, NC, ND, 
OH, OK, OR, TN, UT, 
WA, WI, WY

2013 Amended Chap. 4 to clarify that food contact surfaces 
of equipment and utensils that have contacted a raw 
animal food that is a major food allergen such as raw 
fish or seafood must be cleaned and sanitized prior to 
contacting different types of raw animal foods

DE, MS, MT, NM, PA, 
SC, TX

Sources: AFDO (2016), FDA (2016a, b)
aGeorgia Department of Agriculture and Georgia Department of Public Health have adopted different 
versions of the FDA Food Code
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(discussed in Chap. 9) and the University of Minnesota Extension’s Serve it Up 
Safely™ Course (discussed in Chap. 12).

All states have adopted some form of the U.S. FDA Food Code, including seven 
that have adopted the most current version, but 13 states have not adopted a version 
of the code that incorporates food allergen provisions (Table 3.1). However, some of 
these states, in particular, Massachusetts, have adopted other laws for restaurants 
related to food allergens (discussed in Sect. 3.4.1).

3.2.4  �Food Safety Modernization Act

The landmark Food Safety Modernization Act (FSMA) of 2011 contributed in sev-
eral ways to food allergy/allergen awareness and may have influenced state initia-
tives that occurred around that time.

The Food Allergy and Anaphylaxis Management Act (FAAMA) was originally 
introduced to the U.S. Congress in 2005 and finally became law as Section 112 of 
FSMA in 2011. FAAMA required that the U.S. Secretary of Health and Human 
Services develop and distribute voluntary guidelines for schools to use for food 
allergy and anaphylaxis management. Through the actions of conscientious law-
makers (including then-Connecticut Senator Chris Dodd, the parent of a child with 
food allergies, and Maryland Representative Steny Hoyer, who has a grandchild 
with a food allergy), a bill that seemed destined to languish due to its relatively 
small breadth was passed by including it in the much broader and higher profile 
FSMA (Allergic Living 2011).

The guidelines that FAAMA decreed be written were eventually published by 
the Centers for Disease Control in 2013 as the “Voluntary Guidelines for Managing 
Food Allergies in Schools and Early Care and Education Programs” (CDC 2013). 
The guidelines include recommendations on planning, developing, and implement-
ing a comprehensive plan for food allergy management. Priority activities recom-
mended in the guidelines include ensuring daily management for individual children 
with food allergies, preparation for food allergy-related emergencies, and staff and 
student training and education. Recommendations for putting the guidelines into 
place administratively are also included.

These guidelines represent the first federal guidance issued on food allergy 
management (Allergic Living 2011) and prevent individual school districts from 
having to start from scratch in developing food allergy management policies. As an 
additional spur to encourage adoption of food allergy management policies, 
FAAMA also allowed public school districts that adopt food allergy management 
guidelines to become eligible for certain incentive grants (although such incentive 
grants, if they have been awarded, have not been widely publicized).

FSMA will also have a significant impact on the food manufacturing industry. 
The new Hazard Analysis and Risk-Based Preventive Controls for Human Foods 
(PCHF) regulations specify food allergens as a chemical hazard that must be 
assessed and, if necessary, controlled via an appropriate food allergen preventive 
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control (21 CFR Part 117.126). Such controls include procedures to prevent allergen 
cross-contact and ensure proper labeling of food products. While the PCHF regula-
tions have not yet directly impacted many state laws, it is likely they will in the 
future. In the meantime, the PCHF regulations will continue to raise awareness of 
food allergens and the importance that federal agencies place on their control and 
management.

3.2.5  �School Access to Emergency Epinephrine Act of 2013

This federal law was developed to encourage states to pass laws that do the 
following:

	1.	 Require stock epinephrine in public elementary and secondary schools
	2.	 Allow and train authorized personnel at public elementary and secondary schools 

to administer epinephrine to someone who is believed to be having an anaphylactic 
reaction

	3.	 Provide protection against liability (“Good Samaritan” law) against those that 
administer epinephrine “in good faith” to someone believed to be having an 
anaphylactic reaction

States are not required to pass such laws, but if they do, they will be given prefer-
ence in eligibility for asthma education funding; about $22M was awarded towards 
these grants nationally in 2013 (Dahlman 2013).

3.3  �Impetus for State Laws Related to Food Allergy 
Management

As discussed above, various factors have influenced states to make legislative 
changes related to food allergy/allergen management, including new federal laws, 
revisions to the Food Code, and incentives from the federal government. Advocacy 
efforts of all types (individual, grass roots organizations, nonprofit agencies, and 
epinephrine injector manufacturers) contributed to states passing laws to improve 
food allergy management (Johnson and Ho 2016).

Personal experiences with food allergies and anaphylaxis such as Sen. Dodd’s 
and Rep. Hoyer’s have become more and more common as food allergies become 
more prevalent (Branum and Lukacs 2009). Even President Barack Obama’s daugh-
ter Malia’s food allergy was mentioned when Obama signed the School Access to 
Emergency Epinephrine Act into law (LoGiurato 2013). Unfortunately, in some 
cases, the awareness of food allergies may stem from tragedies. Such events can, 
however, spur prompt action, as occurred following Sabrina Shannon’s death and in 
more recent deaths that occurred in U.S. schools (Table 3.2).
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In these four examples of fatal anaphylaxis reactions that occurred in school 
children, rapid changes to state laws were made. The nationwide publicity for some 
of these tragic events may have prompted other states to take action, as many states 
enacted legislation related to school epinephrine availability during the time period 
between 2010 and 2016 (FARE 2016b).

The rest of this chapter reviews state legislation that has been passed related to 
food allergy/allergen management in restaurants, schools, other public entities, on 
emergency vehicles, and also in insurance coverage requirements for hypoaller-
genic formula for infants and children with food allergies.

Table 3.2  Fatal anaphylaxis reactions prompting U.S. state school epinephrine legislation

Reaction 
date

Geographic 
location Student Allergen Response

Response 
date References

December 
2010

Chicago, 
Illinois

13-year-
old 
Katelyn 
Carlson

Peanut 
allergen 
in 
Chinese 
takeout 
eaten 
during a 
school 
party

New state law 
passed to allow 
schools to stock 
and administer 
epinephrine

August 
2011

Illinois 
Government 
News Network 
(2011), 
Rappaport 
(2012)

January 
2012

Chesterfield 
County, 
Virginia

7-year-old 
Ammaria 
Johnson

Peanut 
given to 
her by 
another 
student

New state law 
passed to require 
schools to 
implement 
policies for the 
possession and 
administration of 
epinephrine

April 2012 Brown (2012), 
Martin (2012)

July 2013 El Dorado 
County, 
California

13-year-
old 
Natalie 
Giorgi

Peanut 
allergen 
in a Rice 
Krispies 
treat

New state law 
passed to require 
all schools to 
stock at least one 
epinephrine 
injector and have 
one staff member 
trained in its use

September 
2014

Furillo (2014), 
Caiola (2014)

September 
2013

Corpus 
Christi, Texas

Cameron 
Espinosa

Fire ants 
attack 
during a 
middle-
school 
football 
game

Senate Bill 66 
(named after 
Cameron’s #66 
football jersey) 
passed into law 
to allow all Texas 
schools to stock 
epinephrine

May 2015 Lira (2015)
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3.4  �Areas of State Legislation Related to Food  
Allergy/Allergen Management

3.4.1  �Food Allergen Management in Restaurants

Beyond food allergen-related updates to state Food Codes (discussed in Sect. 3.2.3 
above), at least five states (Massachusetts, Maryland, Michigan, Rhode Island, and 
Virginia) have passed other laws specifically designed to improve food allergen 
management in restaurants. Massachusetts led the way in 2009 when it passed The 
Act Relative to Food Allergy Awareness in Restaurants, followed by similar require-
ments in Rhode Island in 2012. Table 3.3 summarizes state food allergy related laws 
that have been passed through July 2016 (FARE).

Overall, the states have similar provisions, with some of the common themes 
being food allergen training for management or posting signage for employees to 
avoid cross contact or for customers to alert staff to their food allergies. One state 
(Rhode Island) passed a law to create a registry of allergen-friendly restaurants. 
Creating such registry might encourage more restaurants to strive to be part of the 

Table 3.3  State requirements for restaurant food allergy training and awareness

State
Year 
passed Reference

Restaurant food allergy training and 
awareness requirements

Maryland 2015 Maryland General 
Assembly Department 
of Legislative 
Services (2015)

•	� Restaurants must display a food allergy 
awareness poster in the staff area

Massachusetts 2009 Foley (2011) •	� Restaurants must display a food allergy 
awareness poster in the staff area and 
include a menu notice for customers to 
inform servers of food allergies

•	� Restaurants must have a food protection 
manager who has completed allergen 
awareness training

Michigan 2015 Michigan Legislature 
(2014)

•	� Food safety managers must take a 
training course with an allergen 
awareness component

Rhode Island 2012 Rhode Island General 
Assembly (2012)

•	� Food allergy awareness posters must be 
displayed in staff areas, and menus 
must remind customers to notify server 
of food allergies

•	� Restaurant managers must be trained 
on food allergies

Virginia 2015 Virginia Legislature 
(2015)

•	� Food allergy awareness is required in 
restaurant training standards

•	� Training materials on food allergy 
awareness must be provided to 
restaurants
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listing, but may be difficult to establish, as evidenced by Rhode Island’s continuing 
delay in publishing their registry.

These initiatives are still new, and improvements may be needed. Some advo-
cates have expressed concern that requirements for customers to notify restaurant 
staff of food allergies may elicit a false sense of security for the customers, although 
data is not yet available to tell whether this will be a significant concern or not 
(AllergyEats 2013). In addition, arguments have been made that more extensive 
food allergen management training should be required, and some training should be 
required for all restaurant staff, not just managers (AllergyEats 2010).

Restaurants are also considered public entities, and many states have enacted 
legislation allowing public entities to maintain undesignated (stock) epinephrine, as 
discussed in Sect. 3.4.3.

3.4.2  �Food Allergy Management in Schools

In 1998, two students in Omaha, Nebraska, died from asthma attacks while attend-
ing public school (Barclay 2006; Murphy et al. 2006). These events galvanized the 
community to develop an emergency response protocol for schools to use to prevent 
such tragedies from occurring (Murphy et  al. 2006). In addition to addressing 
asthma attacks, the protocol was broadened to cover responses to anaphylaxis and 
included stocking epinephrine in schools and administration of epinephrine by 
nurses or designated trained nonmedical staff as part of the protocol. Eventually, the 
emergency response protocol was adopted by the Nebraska State Board of Education 
in 2003 and became mandated by state regulation to be used in all Nebraska schools 
in 2003 (Murphy et al. 2006; Murphy 2006).

The Commonwealth of Massachusetts followed a similar path at about the same 
time, issuing regulations dealing with training and use of epinephrine in schools and 
publishing detailed guidelines for management of food allergies in schools in 2002 
(Sheetz et al. 2004).

Building on these and other early efforts, tremendous progress has been made in 
recent years towards improving food allergy management in schools, largely through 
passage of state laws that involve (1) developing food allergy management policies 
for schools or plans for individual students or (2) improving access to epinephrine.

Most (~75%) states now have laws that require school districts to develop poli-
cies to track students with severe allergy and to ensure that their health records are 
periodically updated. Slightly fewer states (~69%) require schools to have policies 
in place for handling anaphylaxis events, while less than half of the states require 
schools to document anaphylaxis or epinephrine administration events (AAFA 
2016). Sixteen states currently have published statewide guidelines for school food 
allergy management (FARE 2017).

Rapid progress has been made in improving epinephrine access in U.S. schools. 
All states and the District of Columbia have now passed legislation allowing 
students to carry and self-administer epinephrine, with laws differing in whether 
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they require a documented prescription, physician authorization, training of 
documentation, and parental permission and release of school from liability for stu-
dents to carry and self-administer epinephrine (The Network for Public Health Law 
2013). However, not all students know they have a food allergy and therefore won’t 
have an epinephrine prescription, as evidenced by the large percentage (25–58% in 
various studies) of anaphylactic reactions occurring in schools occur in individuals 
with no prior history of allergies (McIntyre et  al. 2005; Illinois State Board of 
Education 2016). Many states have therefore moved to allow undesignated epineph-
rine to be stocked in schools. Currently, all states except Hawaii permit stock epi-
nephrine to be available within schools (AAFA 2016), with 16 schools passing such 
legislation in 2013 alone (CBS News 2013). Eleven states (Arizona, California, 
Connecticut, Delaware, Maryland, Michigan, Nebraska, Nevada, New Jersey, North 
Carolina, and Virginia) and the District of Columbia have passed laws that go a step 
further: they explicitly require schools to stock epinephrine (FARE 2016b).

States differ in whether they require a school nurse or whether a trained staff 
member can perform the administration of epinephrine. Laws releasing liability for 
those administering asthma and anaphylaxis medications to individuals at schools 
are in place in many states (AAFA 2016; Baulsir and Inniss 2015).

Additional school food allergy management measures have also been consid-
ered, including food allergen avoidance polices in Michigan (Portnoy and Shroba 
2014) and a swiftly repealed 2007 Rhode Island law prohibiting the sale of peanuts 
or tree nuts in school cafeterias (Coleman 2008). Other recommendations proposed 
to improve food allergy management in schools include increasing the number of 
school nurses and providing funding for schools to implement policies.

3.4.3  �Food Allergy Management in Other Public  
Locations/Public Entities

In addition to schools, the potential for food allergy reactions to occur in public 
locations including restaurants, colleges and universities, day care facilities, sports 
venues, amusement parks, recreation camps, and other similar types of establish-
ments has been recognized. As a result, many states have developed “public entity” 
laws, analogous to some of the state laws for schools, which allow such establish-
ments to stock and administer undesignated epinephrine.

As of 2016, 27 states have laws that allow entities to stock and administer epineph-
rine while an additional six states have pending legislation regarding stock epineph-
rine for entities (McEnrue and Procopio 2016; FARE 2015). States differ on how they 
define “entity” (although most use a definition that includes organizations where aller-
gens that could trigger anaphylaxis may be present) and who they allow to administer 
the epinephrine. All of the states have training requirements for those administering 
the epinephrine, although the training requirements and renewal requirements differ 
between states (McEnrue and Procopio 2016). Importantly, liability protection is 
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included in most of these laws for the public entity, the trained employee administering 
the epinephrine in good faith, and the health care professional prescribing and 
dispensing the stock epinephrine (McEnrue and Procopio 2016).

3.4.4  �Food Allergy Management on Emergency Vehicles

States and local laws typically control the equipment and medications that emer-
gency vehicles such as ambulances carry and that emergency personnel are autho-
rized to administer to patients. As discussed in more detail in Chap. 4, only a small 
number (11) of states require that emergency vehicles carry epinephrine autoinjec-
tors. In addition, many states do not explicitly allow all emergency medical person-
nel to administer epinephrine or do not require that each emergency vehicle have a 
crew member authorized to administer epinephrine. These apparent gaps in cover-
age are issues that the food allergy advocacy organization Food Allergy Research & 
Education (FARE) is currently seeking to address via state initiatives (FARE 2016a). 
See Chap. 4 for more details on this topic.

3.4.5  �Insurance Coverage for Hypoallergenic Formula

Some infants and children with food allergies cannot consume regular formulas, as 
the intact proteins within these formulas are allergenic to them. Hypoallergenic for-
mulas can, however, be made from extensively hydrolyzed milk (or soy) proteins, or 
formulated from the individual amino acids themselves. These products are not 
allergenic as the epitopes of the allergenic proteins are no longer intact and recog-
nizable by the immune system (Baker et al. 2000).

These hypoallergenic formulas are significantly more expensive than regular 
formulas (Baker et al. 2000). Due to their expense, insurance coverage for these 
formulas, which are generally classified as medical foods, is available in some states 
(APED 2017).

Currently 19 states require insurance coverage for medical foods (including 
hypoallergenic infant formula that is prescribed by a doctor), including Arizona, 
Connecticut, Illinois, Kentucky, Maine, Maryland, Massachusetts, Minnesota, 
Missouri, Nebraska, New Hampshire, New Jersey, New York, Oregon, Pennsylvania, 
Rhode Island, South Dakota, Texas, and Washington (APED 2017). In several states, 
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) or 
Medicaid will also help pay for these special formulas if required. Different states 
have different Medicaid and WIC coverage, and navigating the reimbursement 
options for hypoallergenic infant formulas may require working directly with the 
companies that manufacture and market the products (who may supply the formula 
at no cost if no other reimbursement is available) (Neocate 2017).
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3.5  �Summary and Conclusions

In the last few decades, significant progress has been made towards improving food 
allergy/allergen management in schools, restaurants, and elsewhere across the U.S., 
with much of this progress attributable to initiatives and legislation arising at the 
state level. These state efforts have enhanced food allergy awareness, provided 
guidelines for food allergen management, and improved access to medical products 
(especially autoinjectable epinephrine, but also hypoallergenic formula) that make 
life safer for those with food allergies.

Federal efforts in recent years built a foundation for these state initiatives by 
providing civil rights protections for those with food allergies and creating model 
guidelines for states and school districts to draw from when developing food aller-
gen management food codes and food allergy management policies. In some cases, 
the federal government provided financial incentives for states and school districts 
to stock epinephrine in more schools or put food allergen management plans in 
place. Other federal efforts such as the FALCPA and FSMA did not directly impact 
state efforts, but improved consumer safety and increased general awareness of 
food allergens. FSMA has helped food allergens receive the same level of attention 
previously reserved for foodborne pathogens.

State legislation related to food allergy management can be classified into two 
categories: laws seeking to prevent allergic reactions and those attempting to 
improve responses to food allergy emergencies. An increasing number of states 
have begun passing legislation mandating food allergen training for restaurant 
managers and/or requiring signage to remind restaurant staff of the hazards of cross-
contact or remind customers to mention their food allergies.

To improve responses to food allergy emergencies, growing numbers of states 
have developed statewide guidelines for food allergy management in schools, 
while many states sponsor or provide funding for staff training in food allergies 
(AAFA 2016). All states now allow students to carry and self-administer epineph-
rine, and as of this writing all states except Hawaii permit schools to stock epineph-
rine. Eleven states go further, requiring schools to stock epinephrine (FARE 
2016b). Following the success that occurred in schools, states are increasingly 
allowing restaurants and other public entities to maintain stock epinephrine to pro-
tect all food-allergic individuals visiting their establishment. Other current state ini-
tiatives seek to increase epinephrine availability on emergency vehicles and improve 
access to hypoallergenic infant formula through insurance coverage or government 
programs.

Challenges remain. Different laws in different states mean inconsistencies exist, 
complicating the development of food allergen training that can be used across state 
lines or determining whether a particular establishment in a multi-state chain may 
carry stock epinephrine. Awareness of food allergens still needs to be improved, but 
without building anxiety. Better consistency in advisory labeling may be one small 
way to do this (Roses 2011), as should careful training of school staff, restaurant 
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employees (and inspectors), and others who may be involved with serving and 
protecting food allergic individuals.

The costs associated with food allergen training and epinephrine supply are not 
trivial. The recent, steep price increase for the EpiPen created a cloud over its 
manufacturer’s role in improving epinephrine access in schools (Johnson and Ho 
2016), and somewhat controversial attention has been brought to the relatively 
low frequency of food allergy deaths relative to perception of risk and accompa-
nying anxiety that widespread distribution of epinephrine is thought to trigger 
(Colver and Hourihane 2006). Much of the progress at all levels (federal, state, 
and local) has been fueled by efforts of those individuals personally affected by 
food allergies and organizations such as FARE and Asthma and Allergy Foundation 
of America, among many others. The passion of food allergy advocates has proven 
enormously effective, but must be tempered with realism and a focus on finding 
consensus and identifying end goals in order to achieve successful passage of 
legislation and concomitant change.

Despite state laws, not all schools have epinephrine available (Shah et al. 2014). 
Schools in less affluent areas have been shown to be less likely to stock epinephrine 
(Shah et al. 2014), so more universal requirements for stocking epinephrine or other 
mechanisms to ensure all children have access epinephrine may be warranted. 
Similarly, not all students with food allergies have school health management plans, 
and minority and lower-income students have been shown to be less likely to have a 
plan than white or higher income students (Gupta et al. 2014). Such inequalities in 
care for students with food allergies, which have been reviewed previously 
(McQuaid et al. 2016), must be addressed.

Although it remains early, some data suggests that school allergy management 
initiatives are successful: stock epinephrine is being administered, often to students 
who never previously had an anaphylactic reaction (DeSantiago-Cardenas et  al. 
2015; Virginia Department of Health 2014). School initiatives were among the first 
legislative efforts attempted, and their success is a promising sign for more nascent 
initiatives, which have and will continue to draw upon what has been learned from 
state legislation for food allergy management in schools.

Many of the state and local initiatives related to food allergens were initiated in 
response to tragic deaths of individuals with food allergies. Improving epineph-
rine availability may appear to be a quicker fix towards preventing such devastat-
ing events. However, food allergen controls to prevent accidental exposure should 
ultimately decrease the need for emergency responses to allergic reactions. State 
requirements for food allergen training for food service workers and school staff, 
food allergen awareness signage in restaurants, and implementation of the current 
Food Code with the most detailed allergen controls are examples of efforts that 
should reduce the need for epinephrine and will ultimately save lives. Such mea-
sures will also improve the quality of life for those with food allergies and their 
families by providing more assurance that the food they eat in restaurants, schools, 
or public places is safe for them.

3  Current U.S. State Legislation Related to Food Allergen Management
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Chapter 4
Current Trends in Food Allergy Advocacy: 
Prevention, Preparedness, and Epinephrine 
Availability

Jennifer Jobrack

4.1  �Introduction

Food allergies are a significant public health issue, affecting between 2 and 10% of 
the general population (Chafen et al. 2010). This prevalence appears to be increas-
ing, with the CDC estimating that food allergies in children increased 18% within a 
recent 10-year period (Branum and Lukacs 2009). Food allergies contributed to 
11,000 hospitalizations in addition to 164,000 emergency department visits in 2006 
and 2007 (Patel et al. 2011). The annual economic burden of food allergies in the 
U.S. has been estimated to be almost $25 billion (Gupta et al. 2013). Beyond the 
statistics are the effects that food allergies have on the quality of life for those with 
food allergies and their families, which have recently been reviewed (Walkner et al. 
2015). The need for constant vigilance during many everyday activities causes 
stress, especially for children who may be excluded from activities or actively bullied 
because of their food allergy.

Exposure to an allergen can very rapidly elicit a variety of reactions in an allergic 
individual. Anaphylaxis, the most serious of these reactions, is a systemic response 
to the allergen that can be life threatening. Anaphylaxis may affect many organs, 
resulting in dangerously reduced blood pressure, cardiovascular collapse, and swell-
ing of the tongue and respiratory tissues that can hamper breathing. Epinephrine is 
the first-line treatment for anaphylaxis as it blocks the effects of the biochemical 
mediators responsible for the anaphylactic reaction (Song and Lieberman 2015). 
Treatment with intramuscular epinephrine and avoiding allergen exposure are key 
strategies used to manage food allergy reactions.

This chapter discusses recent efforts addressing some of the most serious con-
cerns facing those with food allergies and their families. The role of advocacy 
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organizations such as Food Allergy Research & Education (FARE) in both 
promoting legislative approaches and increasing public awareness is highlighted, 
and remaining challenges are described.

4.2  �Challenges for Food Allergic Individuals and Their 
Families

Among the biggest challenges currently for people with food allergies is simply under-
standing the complexity and potential severity of food allergies (Gupta et al. 2008). 
Initially upon diagnosis, individuals with food allergies may not understand what it 
means to have a food allergy. They may have had a mild reaction to a food the first time, 
which mistakenly leads them to believe they have a “mild food allergy”. Unfortunately, 
there is no such thing as a “mild food allergy”; any allergy, even one that has only mani-
fested itself in mild reactions previously, could trigger a serious reaction. Even when 
carrying an epinephrine autoinjector (EAI), food allergic individuals experiencing a 
reaction may hesitate to use them. They may believe that the reaction is not serious 
enough to warrant the use of epinephrine, or they may feel uncomfortable delivering 
the injection (Song and Lieberman 2015; Dudley et al. 2015).

Reading food product labels is another challenge for food allergic patients and 
their families (Zurzolo et al. 2016). Knowing what is in the food you or your child is 
consuming is vital to preventing exposure to food allergens. Advisory labeling is 
voluntary, and its absence does not mean a food is allergen free (Zurzolo et al. 2016). 
Advisory labeling is not standardized and may also be less than clear. For example, 
what does “may contain” mean in terms of the likelihood of allergen presence in 
that food (Pieretti et  al. 2009)? The ambiguity and overuse of advisory labeling 
(sometimes unfortunately in lieu of having proper manufacturing controls in place to 
prevent contamination) may have fostered cavalier attitudes among consumers 
towards these warnings (Hefle et al. 2007).

Another challenge facing food allergic individuals, especially children, is social 
isolation (Walkner et al. 2015; Portnoy and Shroba 2014). Food allergies are differ-
ent from other illnesses in that the behavior of other people can directly affect the 
appearance of symptoms. Schools, daycares, and other organizations must ask other 
families to cooperate at times, which can create misunderstanding, confusion, and 
resentment. Children with food allergies may be inadvertently singled out or 
excluded from activities. Parents of children with food allergies often experience 
anxiety that can be transferred to their children (Akeson et al. 2007).

By increasing awareness of food allergies and ensuring life-saving epinephrine is 
available in locations where children may spend time without parental supervision, 
some of these concerns and challenges may be lessened. Advocates for those with 
food allergies have been instrumental in increasing awareness of the condition and in 
finding ways through legislation to improve conditions for those with food allergies 
such as increasing epinephrine availability. Food allergy advocacy organizations have 
been instrumental both in the U.S. and in other countries in facilitating governmental 
rule-making that enhances the safety and quality of life of those with food allergies.
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FARE is the leading advocacy organization dedicated to food allergy in the U.S. 
It was formed in 2012 through the merger of the Food Allergy & Anaphylaxis 
Network (FAAN) and the Food Allergy Initiative (FAI). The mission of FARE is to 
“to improve the quality of life and the health of individuals with food allergies and 
to provide them hope through the promise of new treatments” (FARE 2016a). FARE 
plays an active role in food-allergy related issues such as school policies, food label-
ing, restaurant regulations, emergency services, and transportation.

Current legislative initiatives that FARE supports are described in the remaining 
sections of this chapter, including prevention, preparedness, and epinephrine 
availability in schools, public places, restaurants, colleges and universities, and on 
emergency vehicles and airlines.

4.3  �Food Allergy Management in U.S. Schools

FDA’s 2011 Food Safety Modernization Act (FSMA)’s emphasis on preventive 
approaches to food safety extends to food allergy planning in schools as well as 
many other areas of food safety. A component of FSMA is the Food Allergy and 
Anaphylaxis Management Act (FAAMA). FAAMA was spearheaded by FARE’s 
predecessor, FAAN, and became law as part of FSMA in January 2011. FAAMA 
required the federal government to create voluntary national guidance material to 
manage food allergies in schools and related organizations. The Centers for Disease 
Control and Prevention (CDC) worked with the U.S. Department of Education in 
collaboration with FARE and others to develop these guidelines, which are available 
online (CDC 2013).

The CDC guidelines are intended to guide schools into developing food allergy 
policies of their own. Such policies may include education and training for school 
staff detailed procedures for handling food allergy reactions, guidelines to prevent 
student exposure to allergens, and care plans for individual students with allergies. 
Having a formal food allergy policy in schools can help depersonalize the issue for 
students with allergies; the family does not have to educate the school on how to 
protect their child, and the child may be less likely to be singled out as being different. 
Developing a school food allergy policy requires significant effort. A number of states 
have implemented statewide guidelines for food allergy management in schools to 
simplify and unify school food allergy management plans; links to these guidelines 
are available on FARE’s website (FARE 2016e).

4.3.1  �The Problem

Food allergies are a tremendous problem in U.S. schools, directly affecting about 
1 in 13 children, or “2 in every classroom” (Gupta et al. 2011). Although data have 
not always been systematically collected over a period of years, there is indication 
that food allergy prevalence is increasing (Branum and Lukacs 2008).
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In addition to increasing prevalence, other challenges exist to food allergy 
management in schools. School teaching and administrative staff may have tremen-
dous knowledge gaps related to food allergies. On a basic level, they may not know 
which students have allergies, what an anaphylactic reaction in response to a food 
allergen looks like, or how to treat anaphylaxis. They may not understand how hav-
ing a food allergy affects a student’s quality of life or realize that biphasic reactions 
(where a secondary reaction occurs minutes to hours after an initial reaction has 
subsided) may occur (Agarwal and Yu 2015).

Complicating matters for schools, a significant proportion of children does not 
know they have a food allergy before they start school, and may have their first 
allergic reaction during school. A Massachusetts study concluded that 24% of stu-
dents who developed anaphylactic reactions in schools were unaware that they had 
a food allergy (McIntyre et al. 2005). Another report found that a similar percentage 
(25%) of children with peanut or tree nut allergies experienced their first reaction in 
school (Sicherer et al. 2001).

A key part of a food allergy policy in many schools is ensuring availability of 
treatment for anaphylaxis. Epinephrine is “safe” and standard medical practice 
(Sheikh et al. 2009) for anaphylaxis (Kemp et al. 2008) and is the first-line therapy 
for anaphylaxis treatment, even in children (Farbman and Michelson 2016). A 
recent medical journal editorial states that there is no absolute contraindication to 
epinephrine administration to treat anaphylaxis (Dudley et al. 2015). Delays in epi-
nephrine administration increase the risk of a fatal reaction (Sampson et al. 1992), 
while giving other drugs such as antihistamines or glucocorticoids instead of epi-
nephrine is not recommended (although their use together with epinephrine has 
been advocated) (Farbman and Michelson 2016).

Among children with food allergies, 18% experienced a reaction at school during the 
past 2 years (Nowak-Wegrzyn et al. 2001). Even if students were previously diagnosed 
with a food allergy and have a personal prescription for an EAI, various barriers may 
prevent their use at school. However, in recent years this has changed, and now students 
in all states, with appropriate consent, may carry a prescribed EAI (FARE 2016c).

It is recommended that people diagnosed with food allergy carry two EAIs with 
them at all times. Even if permitted to carry an EAI, school-age children may forget 
or not want to carry their own EAI. One study found that 25% of children 5 years of 
age and older did not have their EAI with them at lunch (DeMuth and Fitzpatrick 
2011). Nearly half (49%) of reported anaphylactic events that happened in schools 
occurred in high school students in another study (White et al. 2016). Adolescents 
are at a higher risk for a life-threatening allergic event, in part because they don’t 
always carry self-injectable epinephrine (Spina et al. 2012; Sampson et al. 2006).

Even if they do have an EAI, it might have expired (Spina et al. 2012) or they 
may require an additional dose. Increasing costs for EAI may also make it difficult 
for parents to afford to purchase (and keep purchasing as they expire) EAIs, 
especially if their child has only had mild reactions previously.

Stock (also called undesignated, unassigned, or general use) EAI that is available 
at schools for general use whenever anyone has an anaphylactic reaction would 
clearly solve many of these problems. However, various hurdles have existed that 
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have made it difficult for stock EAI to be available in schools (Odhav et al. 2015). 
Obstacles include concerns related to indemnification (Odhav et al. 2015), epineph-
rine costs, the need for and availability of training for those giving the injections 
(Chokshi et al. 2015), fear of causing harm to children, and other barriers (Fig. 4.1).

4.3.2  �Ensuring Availability of Stock Epinephrine in Schools

FARE has played an important role in ensuring the availability of stock epinephrine 
in schools throughout the U.S. by facilitating and promoting legislation that removed 
barriers to allowing epinephrine in schools. FARE has also supported legislative 
efforts towards requiring schools to stock epinephrine.

These efforts have been successful. Prior to 2010, only five states allowed schools 
to stock epinephrine in schools. As of July 2016, all states except Hawaii have 
guidelines or statutes that specifically allow stock epinephrine in schools.

Following on FAAMA, the 2013 School Access to Emergency Epinephrine Act 
provides preferential consideration in receiving asthma-related grants for child 
health services to those states that require stock epinephrine to be available at 
schools (Dahlman 2013). As of July 2016, 11 states now specifically require stock 
epinephrine in schools (dark green states in Fig. 4.2).

Costs

Barriers to
Epinephrine
Availability
in Schools

Training

Other barriers
Fear of

causing harm
to child

Indemnifi-
cation for
physician,

pharmacist,
teachers, etc.

Fig. 4.1  Barriers to epinephrine availability in schools
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Stock epinephrine in schools is being used. Separate from FARE’s efforts, the 
EpiPen4Schools® program has been offered by Mylan Specialty (who markets 
EpiPen® autoinjectors) to improve availability of epinephrine in schools (Mylan 
Specialty L.P. 2016). The EpiPen4Schools survey of schools collected data on stock 
epinephrine use during the 2013–2014 school year (White et al. 2015). A total of 
919 anaphylactic reactions (88.8% of which affected students) occurred in 607 U.S. 
schools responding out of 5683 schools surveyed. Eleven percent of schools reported 
at least one anaphylactic event, 2.1% reported two events, and 1.1% reported three 
or more events. Of the 851 events for which EAI use information was recorded, 
75% were treated with EAI, 49% with stock EAI. Most of the anaphylactic events 
not treated with EAI were treated with antihistamines (White et al. 2015).

Data on stock epinephrine use are also available from the Chicago Public School 
District’s Emergency Epinephrine Initiative to stock undesignated EAI in all 675 
schools (DeSantiago-Cardenas et al. 2015). During the first year of the program (the 
2012–2013 school year), 38 EAIs were administered, with most (92.1%) going to 
students. Over half (55%) of the usages were for food-induced reactions, with 
school nurses administering most (76.3%) of the EAIs. More recently, the state of 
Illinois released data from the 2014–2015 school year on the use of undesignated 
epinephrine at schools within the entire state (Illinois State Board of Education 
2016). During that year, 59 schools reported a total of 65 administrations, of which 
41 occurred within the Chicago Public School District.

Following the 2012 passage of legislation in Virginia to require local school 
boards to adopt policies to allow administration of epinephrine, the Virginia 
Department of Health and Virginia Department of Education conducted an 

LEGEND
Allow stock
EAI

Require stock
EAI

Legislation
pending

Fig. 4.2  School epinephrine availability by state (adapted from FARE)
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epinephrine use survey of school divisions in the state (Virginia Department of 
Health 2014). Data were collected from 97% of school divisions, although it is 
unknown if all schools within divisions provided information. During the 2012–
2013 school year, about 1.2 million students were enrolled in Virginia public 
schools. A total of 448 stock epinephrine doses were administered to students dur-
ing that year, much more than the 166 doses of student-supplied epinephrine admin-
istered during that same time period. Most the stock epinephrine doses (336) were 
administered to students with no previously known allergies. An additional 28 doses 
of stock epinephrine were administered to staff or visitors during that school year.

Data collected from the use of stock EAI in schools have confirmed that students may 
not be aware that they have an allergy until they have an anaphylactic event at school. 
The EpiPen4Schools pilot study found 21.9% of individuals with an anaphylactic event 
had no known allergy. The Chicago study found 55% of EAI use was for first-time ana-
phylactic events (DeSantiago-Cardenas et al. 2015). The more recent 2014–2015 school 
year study in the state of Illinois found that of students (and staff) receiving 65 undesig-
nated EAI administrations in schools, more than half (58.5%) had not previously been 
diagnosed with a severe allergy (Illinois State Board of Education 2016).

4.3.3  �Stock Epinephrine in Schools Outside of the U.S.

Besides the U.S., other countries have completed or are beginning initiatives to 
stock undesignated epinephrine in schools:

•	 Many Australian territories require or recommend that schools stock EAIs 
(Vale et al. 2015).

•	 Europe has been slower to consider stock EAI in schools (Muraro et al. 2014), 
although, in the UK, the Anaphylaxis Campaign is working with other agencies 
to allow schools there to maintain stock EAIs (Anaphylaxis Campaign 2016).

•	 Following the school lunchtime death of an 11-year-old girl with a dairy allergy, 
Japan is also trying to develop policies such tragedies from occurring (The Japan 
Times 2013).

•	 Food Allergy Canada is also working to supply some schools with stock epi-
nephrine autoinjectors (FAC 2015). The 2014 food allergy death of 14-year-old 
Canadian Caroline Lorette led to the formation of the Sweet Caroline Foundation, 
which advocates for stock epinephrine in schools.

4.3.4  �Remaining Challenges for Epinephrine Availability 
in Schools

Although tremendous progress (and likely numerous lives) has been saved by current 
initiatives to stock epinephrine in schools, some challenges still exist. A general 
lack of awareness of food allergies and their treatment remains an issue at many 
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schools. School staff may think calling 911 is sufficient without realizing how 
important for epinephrine administration to occur as fast as possible. As discussed 
later in Sect. 4.7 of this chapter, not all emergency rigs and personnel will carry or 
be able to administer epinephrine, further delaying life-saving treatment.

Work remains in bringing stock epinephrine into more schools. Several recent 
studies found that low socioeconomic status schools may not have stock EAI 
(Shah et al. 2014; Love et al. 2016). However, some very large school districts 
(Los Angeles, Chicago) are requiring stock EAIs at all schools. Cost is a big factor 
for many school districts and is becoming a bigger issue. As of August 2016, a two-
pack of epinephrine autoinjectors costs $500 or more when previously they were 
only $100 (Popken 2016). The expiration date for epinephrine autoinjectors is typi-
cally 18 months (usually 14–16 months after a school receives it), so EAIs must be 
replaced almost every school year. Another way cost affects epinephrine availability 
is subtler: parents may assume schools have stock EAIs and therefore forego spend-
ing their own money on an EAI for their child.

4.4  �Epinephrine Availability in Other U.S. Public Locations

Anaphylaxis can occur in other public locations besides schools. Making epineph-
rine available at public entities such as recreation camps, colleges, day care facili-
ties, youth sports leagues, amusement parks, restaurants, places of employment, and 
sports arenas has lagged a bit behind school initiatives, partly because it has been 
difficult to get good statistics on anaphylaxis reactions that occur in some of these 
locations. Many states (30 as of March 2017) now have laws allowing public enti-
ties to obtain undesignated EAI (FARE 2015b). Some of these laws provide exemp-
tion from liability or provide training requirements for EAI use. FARE along with 
many other organizations assisted in the development of many of these laws by 
working with legislatures, supplying model language for bills, and providing data 
on epinephrine usage. Additionally, FARE identified local volunteers to be advo-
cates to testify regarding the need for stock epinephrine and encouraged citizens to 
call their legislators to express their opinions.

4.5  �Restaurant Preparedness

Several factors converge to make restaurants a place where food allergy reactions 
may occur. Food workers often lack the knowledge to prevent or treat anaphylaxis 
(Dupuis et  al. 2016). A lack of appropriate training programs and incentives for 
restaurants to train staff coupled with high turnover rates for employees all hamper 
food allergy training at restaurants. Restaurants may not have space to properly 
segregate food allergens when preparing special meals for customers with allergies, 
while the need to prepare and serve many different meals quickly may cause 
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mistakes to be made. Importantly, food allergic reactions may occur within minutes 
to hours after ingesting an allergen (Saleh-Langenberg et al. 2016; Sampson et al. 
1992), meaning anaphylaxis can occur while someone is still at a restaurant. 
Chapters 9–11 of this book discuss in more detail these and other food allergy chal-
lenges that restaurants face.

FARE has been involved with several initiatives to improve restaurant manage-
ment of food allergens. As described in Chap. 9 of this book, FARE collaborated 
with the National Restaurant Association to create the ServSafe® food allergy train-
ing program (which was modeled on existing foodborne pathogen training) for res-
taurant workers. FARE has also advocated for required food allergy training to 
improve food allergy awareness for restaurant workers in various states.

Apart from state initiatives (discussed in Chap. 3), several cities such as New York 
City and St. Paul, Minnesota also have requirements for food allergy information 
posters to be posted in food service establishments. New York City’s required food 
allergy sign, which is available in eight different languages, lists the eight most 
common food allergens, describes how a server should react to a customer with a 
food allergy, and lists steps the kitchen staff and servers can take to prevent cross-
contact (NYC Health 2016).

FARE has also created a food allergy awareness poster (available by free download) 
for restaurants to post in order to improve staff awareness of food allergies (Fig. 4.3).

As discussed in the other chapters discussing food allergen management control 
in restaurants (Chaps. 9–12), challenges still exist. Restaurant food allergy manage-
ment laws differ greatly between states, making the development of general strate-
gies for universal adoption difficult. “Food allergy friendly” remains hard to 
describe. As an example, the Food Allergy Awareness Act required the state of 
Massachusetts to work with the Massachusetts Restaurant Association (MRA) and 
FARE’s predecessor, FAAN, to develop a program for restaurants to be designated 
as “Food Allergy Friendly” (FAF) and to maintain a listing of restaurants receiving 
that designation on the Department’s website. This law was passed in 2009, but the 
listing has not yet been created, in part because of the difficulty in defining what 
“Food Allergy Friendly” means.

FARE has been involved in efforts to elevate food allergens as a food safety 
issue. As discussed in Chap. 3, the Food Code is an excellent example of the 
increased attention food allergens are receiving, with the 2013 Food Code providing 
guidance on minimizing cross-contact with allergens during food preparation for 
the first time (FDA 2016).

4.6  �College and University Preparedness

A food allergic student who leaves home to attend college or university encounters 
new risks related to their food allergy. They may have roommates who are unfamil-
iar with food allergies who may not realize the dangers that even a single peanut can 
mean to certain individuals. The student may obtain a job or take a course that 
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Fig. 4.3  Food allergy awareness poster (provided by FARE)
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involves working with laboratory animals whose diet may include dried milk 
powders or wheat products. Students will be on their own when it comes to making 
meal choices; their parents will not be there to guide their selections, and they will 
dine out in new places, whether in dining halls and cafeterias, restaurants, or other 
facilities.

Adolescents and young adults may also be more likely to engage in risky behav-
iors, and this behavior carries over into how they may manage their food allergies. 
One study (Sampson et al. 2006) found that a majority of food allergic individuals 
in this age group (13–21 years) has purposely ingested an unsafe food. In addition, 
a U.K. study found that food allergic individuals in this general age group (second 
and third decades of life) have the highest rates of hospital admissions and fatalities 
from food-induced anaphylaxis (Turner et al. 2015).

FARE has developed a College Food Allergy Program whose goals are to build 
allergen preparedness beyond dining halls and help colleges and universities “develop 
comprehensive, uniform food allergy management policies” (FARE 2016d).

In developing the program, FARE held two summits to meet with representatives 
from U.S. colleges and universities and other stakeholders to discuss food allergy 
policies that could be implemented by high-education institutions to improve food 
safety and quality of life for students with food allergies. These summits were 
attended by representatives from more than 50 colleges and others, who worked 
together with FARE to generate a document, “Pilot Guidelines for Managing Food 
Allergies in Higher Education” (FARE 2015a) as well as student and parent educa-
tional materials. These guidelines have been considered in development of food 
allergen management policies and programs for college and university dining ser-
vices as described in Chap. 14 of this book.

Using knowledge gained from the summits, FARE piloted its College Food 
Allergy Program in 2014 with 12 colleges participating. The program has now 
expanded, with 15 additional colleges and universities added as of June 2016. 
Components of this program, which is free to participating institutions, are shown 
in Fig. 4.4.

Food allergy training for 
dining services staff and 

resident advisors

Dining services 
assessment, review, 

and feedback

Matching funds for 
food allergy projects or 

programs

Creation of student 
support groups on 

campus

Free access to the Red 
Cross Anaphylaxis and 

Epinephrine Auto-
Injector online course

Fig. 4.4  Components of FARE’s College Food Allergy Program
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College and universities are public entities, so under the public entity laws 
discussed in Sect. 4.4 of this chapter, they may keep and administer stock epinephrine 
if their state permits it. Other state and university initiatives have worked together 
to make stock epinephrine available on college campuses in New Jersey (Princeton 
University), Indiana, and New Hampshire.

4.7  �Emergency Treatment of Anaphylaxis

Anaphylaxis is not currently a rare event. In the U.S., about 30,000 emergency 
department visits and hospitalizations occur each year due to anaphylaxis (Ma et al. 
2014). Anaphylaxis may occur in 1.6% of the population at some point during their 
lifetime (Simons et al. 2015). Recent studies have shown that both hospital visits 
and pediatric emergency room visits for anaphylaxis have been increasing (Dyer 
et al. 2015; Simons et al. 2015).

Quick treatment of anaphylaxis is important. The median time from food allergen 
exposure to death in anaphylaxis deaths is only 30  min (Pumphrey 2000). Late 
administration (>30 min) of epinephrine is associated with a poor outcome (McLean-
Tooke et al. 2003). However, only one-third of adults who went to the emergency 
room for a food allergy reaction arrived within 1 h of exposure to the food allergen 
(Banerji et  al. 2010). Improving the ability to treat anaphylaxis where it occurs 
(schools, restaurants, and other public locations, as discussed earlier in this chapter) 
should improve treatment outcomes and remains a priority. However, emergency 
responders will still have the first opportunity to treat a patient undergoing anaphylaxis 
in many cases.

Approximately 0.2–0.9% of emergency medical service transports are for aller-
gic complaints (Manivannan et al. 2014). Surprisingly, however, a significant num-
ber of emergency rigs (ambulances) do not carry injectable epinephrine or may not 
have personnel trained in its use (FARE 2016b). In some cases, legal restrictions are 
in place that interfere with the ability of emergency rigs to carry or the ability of 
emergency personnel to deliver epinephrine. Only 34% of states have no restrictions 
on epinephrine availability on ambulances and other emergency rigs (Fig. 4.5).

Currently, ten states mandate epinephrine autoinjectors on emergency rigs, 
including Connecticut, Louisiana, Massachusetts, Maryland, Michigan, Oregon, 
Rhode Island, Tennessee, Utah, and Washington. Illinois previously required epi-
nephrine autoinjectors, but now permits vials of epinephrine in lieu of EAIs 
(Amendment to Emergency Medical Services Act 2016). Other states leave EAI 
availability on emergency rigs under local control, have no official list of equipment 
and provisions for emergency rigs, or do not address epinephrine in their laws.

In addition to laws that restrict the availability of EAI on emergency rigs, only about 
50% of states allow emergency medical technicians (EMTs) to use an EAI (Fig. 4.6). 
In some states, EMTs are allowed to use rig EAI or to assist a patient with their own 
EAI. Other states defer to local government or do not clearly define what is allowed.
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Even when present in emergency rigs, epinephrine may not be used. One study 
found that of 103 emergency transports of patients with allergic complaints, only 15 
patients received epinephrine (Manivannan et al. 2014). Epinephrine was not used 
consistently across the study, and the authors concluded that standardized guide-
lines for anaphylaxis management were needed (Manivannan et al. 2014).

To address these known gaps in epinephrine availability and consistent utiliza-
tion on emergency rigs, FARE is presenting information on these gaps at emergency 
medical conferences and other professional development opportunities to educate 
EMTs, emergency management services offices, and others about the proper diag-
nosis and treatment of anaphylaxis as well as the need for epinephrine on all emer-
gency rigs. Long-term FARE goals include ensuring every emergency rig responding 
to a 911 call is stocked with epinephrine and have at least one crew member trained 
to administer it, and ensuring that every emergency stocks epinephrine and uses it 
as the first line treatment for anaphylaxis.

16%

42%

34%

8%

More restrictions Few restrictions

No restrictions Law unclear or very restrictive

Fig. 4.5  Restrictions on 
epinephrine availability on 
emergency rigs (adapted 
from FARE)
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50%

60%

Scope of Practice
States allow EMTs to use rig EAI States allow EMTs to assist a patient with their own EAI

States leave EMT use of EAI to local control States do not allow EMTs to use EAI

States do not clearly define scope of practice in law

Fig. 4.6  State restrictions on EAI use by emergency medical technicians (adapted from FARE)
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4.8  �Airlines

An anaphylactic reaction is an emergency at any time, in any location. However, 
when such an event occurs during an airplane flight, the challenges in getting prompt 
medical treatment including epinephrine can have tragic consequences. Serious 
anaphylactic events during commercial flights are fortunately rare events, with only 
265 occurrences (out of 11,920 medical emergencies) reported on 7.2 million global 
passenger flights between 2008 and 2010 (Peterson et al. 2013). Allergic reactions 
do, however, occur at a much higher rate during air travel; 9% of patients with pea-
nut, tree nut, or seed allergies report having an allergic reaction while in flight 
(Comstock et al. 2008). One recent survey found that 33% of travelers who experi-
enced an allergic reaction while flying reported symptoms consistent with anaphy-
laxis; however, only 10% of those with reactions received epinephrine (Greenhawt 
et al. 2009). These results were consistent with those of earlier reports suggesting a 
low rate of epinephrine use during anaphylactic events on airplanes (Sicherer et al. 
1999; Comstock et al. 2008).

Although epinephrine is available within an onboard medical kit on most flights 
for use in other medical emergencies such as cardiovascular conditions, it is gener-
ally in the form of an ampule for intravenous administration and not explicitly 
labeled for use in anaphylaxis. Airlines allow travelers to carry self-injectable epi-
nephrine, but as discussed earlier, sometimes an anaphylactic event is the first time 
an individual experiences an allergic reaction and would not therefore have an EAI 
with them.

Preventing reactions by eliminating common allergenic foods on airlines would 
seem a reasonable approach. Peanuts, for example, are both a common food aller-
gen and a popular airline snack. However, rules banning certain foods would be 
very difficult to enforce; even if the airline didn’t allow peanuts on flights, it would 
be exceedingly difficult to prevent passengers from bringing them aboard. In addi-
tion, the Federal Aviation Administration (FAA) will not allow a ban on foods in 
flight until a study is completed that demonstrates that such a ban would be benefi-
cial. Since such a study would be virtually impossible to conduct.

A 2015 bill, Airline Access to Emergency Epinephrine Act S. 1972 (Airline 
Access to Emergency Epinephrine Act 2015), was introduced in the Senate and then 
referred to the Committee on Commerce, Science, and Transportation. Among other 
measures, the bill would have required airlines to carry epinephrine autoinjectors 
(EAIs), to replace them upon expiration or use, and to train crewmembers to recog-
nize the symptoms of an acute allergic reaction and to administer EAI. The bill also 
instructed the FAA and individual airlines to clarify that the 1:1000 epinephrine 
ampules that are currently included in emergency medical kits may be used for the 
treatment of anaphylaxis. This bill, however, did not progress in the Senate (Airline 
Access to Emergency Epinephrine Act 2015).

A second bill, the FAA Reauthorization Act of 2016, was introduced by the 
Senate (Federal Aviation Administration Reauthorization Act of 2016 2016). This 
bill would have evaluated the medical equipment and supplies required on airline 
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flights and ensure that required medical items meet the emergency medical needs of 
children, including consideration of an epinephrine autoinjector.

FARE worked closely to help craft language on both bills. Unfortunately, neither 
bill was successful as of the time of this writing.

4.9  �Summary and Conclusions

Many challenges face those with food allergies and their families, including lack of 
public awareness, complicated and inconsistent labeling and policies, and social iso-
lation and stress. An additional and critical problem these individuals face is the 
inability to receive prompt treatment with epinephrine in the case of an emergency in 
certain public locations and situations. Progress, catalyzed in some cases by tragedy, 
has been made in addressing these issues in recent years, largely through the passage 
of legislation that improves food allergy training and awareness and improves avail-
ability to emergency epinephrine. Advocacy organizations have worked with the 
government to improve epinephrine availability in public schools and other public 
locations. In addition, the efforts of groups like FARE have facilitated the passage of 
legislation that requiring food allergy training and awareness tools for restaurant per-
sonnel. Challenges still exist and more work is underway. Food allergy awareness 
programs at colleges and universities are being implemented, and efforts to ensure all 
emergency rigs and airlines carry epinephrine (and are trained and able to use it) are 
initiatives that are currently being addressed by FARE among other organizations. 
The use of appropriate legislation to drive these initiatives continues to be a powerful 
way to enact change within states and throughout the nation.
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Chapter 5
Food Allergen Recalls: The Past as Prologue

Steven M. Gendel

5.1  �Introduction

The wide-spread application of Hazard Analysis and Critical Control Points 
(HACCP) principles to food safety systems is intended to protect public health by 
preventing potential problems before they happen rather than responding to problems 
after they occur. This approach is considered particularly efficacious for hazards 
that occur irregularly or nonuniformly in foods. For example, facilities can reduce 
risk of microbial hazards in food more effectively by applying a validated microbial 
kill step during production than by final product testing.

This preventive approach is embedded in food safety regulations in the U.S. such 
as the FDA juice (FDA 2003) and seafood (FDA 1999) HACCP regulations, the 
USDA meat HACCP regulation (FSIS 2015b), and the FDA preventive controls 
regulations (for both human and animal foods) (FDA 2016). HACCP has also been 
adopted by international bodies such as Codex Alimentarius Commission (2009) 
and is the basis for private audit standards such as GFSI (2016) and ISO (2005).

Despite the apparently forward-looking approach implicit in HACCP and preven-
tive controls, all of these schemes rely on a description of the past to determine which 
hazards need to be controlled in the future. This is particularly evident in the hazard 
analysis. The first step in a hazard analysis for a particular food and facility is to iden-
tify those hazards that are, for example, “known or reasonably foreseeable” (FDA 
2016) or “reasonably likely” (FSIS 2015b). To be “known” means that a hazard has 
been associated with the particular food or facility in the past. To be “reasonably 
likely” or “reasonably foreseeable” suggests that this association was not a one-time 
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event. There is also an implicit assumption that the future will be similar to the past, 
and that controlling those hazards that occurred in the past will result in safe food in 
the future. Therefore, in order to conduct a complete hazard analysis, information on 
the association between foods and hazards over time must be available.

Information on the association between foods and pathogens is available from 
multiple sources. For example, information is made available by CDC on food-
borne outbreaks both through an online database (CDC 2016) and scientific publi-
cations (CDC 2013). There are also many papers in the technical literature describing 
microbiological surveys of foods obtained in different regions of the world. The 
CDC makes some information available about illnesses associated with some chem-
ical hazards, while FDA tracks a defined set of chemical hazards in the Total Diet 
Study (Egan et al. 2002). However, there are no comparable sources of information 
on food allergens. In addition, there are only a few published studies on the presence 
of undeclared allergens in foods, and these generally focus on the use of allergen 
advisory statements (Zurzolo et al. 2013; Crotty and Taylor 2010).

Food allergens are a unique public health issue in that the primary risk mitigation 
tool available to food manufacturers is the provision of allergen information on food 
labels. Food allergic consumers rely on labels to be clear, complete, and accurate. 
This means that all allergens that are intended to be present should be declared and 
that no undeclared allergens should be present. Allergen information may be inac-
curate or incomplete because a label fails to declare an allergen that is present as an 
ingredient, an unintended allergen is present through cross-contact or mislabeling, 
or an allergen is declared that is not present (Gendel and Zhu 2013). Both of the first 
two situations can create significant public health risks for food allergic consumers 
who need to practice avoidance to prevent potentially life-threatening reactions. The 
declaration of an allergen that is not present in a product is not in itself a threat to 
public health, but usually occurs in conjunction with labeling or packing errors that 
result in the presence of an undeclared allergen in another product. Any of these 
situations can lead to a food recall in the U.S.

The only available information that can be used to support prevention-based food 
allergen control is from allergen-related recalls. Many food safety regulatory agencies 
provide some recall information as a service to consumers, and this information can 
also be used to support an allergen control hazard analysis. To demonstrate how this 
can be done, data on allergen-related food recalls in the first half of calendar year 
2015 were obtained from three food regulatory agencies in North American (FDA, 
FSIS, and CFIA) and from the Rapid Alert System for Food and Feed (RASFF) in 
Europe. Significant gaps in the publically available information were also identified.

5.2  �Data Sources

Information on allergen-related recalls was obtained online from each of the three 
North American food regulatory agencies: FDA, USDA/FSIS, and CFIA. Data on 
recalls during the period from January 1 to June 30, 2015 for FDA regulated 
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products were obtained from the agency “Recalls and Safety Alert Archives” web 
page at http://www.fda.gov/Safety/Recalls/ArchiveRecalls/default.htm. Data on 
recalls during this time period for USDA/FSIS regulated products was obtained 
from the “Recall Case Archives” at http://www.fsis.usda.gov/wps/portal/fsis/topics/
recalls-and-public-health-alerts/recall-case-archive and the Current Recalls and 
Alerts page at http://www.fsis.usda.gov/wps/portal/fsis/topics/recalls-and-public-
health-alerts/current-recalls-and-alerts. Data on recalls for Canadian foods were 
obtained from the CFIA web site at http://www.inspection.gc.ca/about-the-cfia/
newsroom/food-recall-warnings/complete-listing/eng/1351519587174/.

Data from each of these sources were used to identify the food and allergen(s) 
involved in each recall and the recall classification. Although each of these agen-
cies operates under different statutory authorities and has responsibility for differ-
ent segments of the food supply, they all use a three-class system to categorize 
recalls. Class I recalls are situations where the public health risk is high; Class II 
recalls are situations where the public health risk is lower; and Class III recalls are 
situations where direct harm is unlikely or where there is a technical violation 
(Table 5.1).

Data from the RASFF database were obtained using the online portal at http://
ec.europa.eu/food/safety/rasff/index_en.htm by searching for “allergens” as the 
hazard and using the date range January 1–June 30, 2015. Information in the RASFF 
database does not correspond to that provided by the three North American agen-
cies, but consists of alert notifications, information notifications, and border rejec-
tion notifications from government agencies in the participating member countries. 
These alerts may or may not be the result of, or triggers for, recalls or market 
withdrawals.

Table 5.1  Standards for classification of food recalls in North America

Agency Class I Class II Class III

FDAa “… reasonable 
probability that …
a violative product will 
cause serious adverse 
health consequences or 
death”

“… a violative product may 
cause temporary or medically 
reversible adverse health 
consequences or where the 
probability of serious adverse 
health consequences is remote”

“… a violative product is 
not likely to cause 
adverse health 
consequences”

FSISb “… a reasonable 
probability that eating 
the food will cause 
health problems or 
death”

“… a remote probability of 
adverse health consequences 
from eating the food”

“… eating the food will 
not cause adverse health 
consequences”

CFIAc “… a violative product 
will cause serious 
adverse health 
consequences or 
death”

“… a violative product may 
cause temporary adverse health 
consequences or where the 
probability of serious adverse 
health consequences is remote”

“… a violative product is 
not likely to cause any 
adverse health 
consequences”

aFDA (2011)
bFSIS (2015a)
cCFIA (2014)
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5.3  �Data Analysis

Information was obtained for 530 recalls from the three North American regulatory 
agencies for the period from January 1 to June 30, 2015. Table 5.2 shows the allergen-
related recalls for each agency as well as the number of food allergen recalls in each 
recall class. On average, 51% of all North American food recalls were related to 
undeclared allergens and 52% of these were Class I recalls. The CFIA had a larger 
proportion of Class III recalls (24%) than either of the U.S. agencies (0.6% for FDA 
and 0% for FSIS).

Table 5.3 shows the food allergens most commonly involved in FDA recalls 
during this period. There were a number of recalls linked to the detection of peanut 
proteins in imported cumin during this period, and these recalls were tabulated 
separately (FDA 2015). Among the FDA recalls, 36 were linked to finding peanut 
protein in imported cumin, leading to recalls for multiple products that contained 
this cumin. Of these, 18 were Class I, 17 were Class II, and 1 was Class III.

Table 5.4 shows the most common allergens involved in FSIS recalls during this 
period. In this case, all of the 15 peanut recalls were linked to the cumin situation. 
Of these, 14 were Class I and 1 was Class II.

Table 5.5 shows the most common allergens for the CFIA recalls. In Canada dur-
ing this time, five of the six peanut recalls were related to cumin. Of these, four were 
Class I and one was Class III.

During the same period there were 1514 notices added to the RASFF database, 
of which 58 (4%) were allergen-related. Table 5.6 shows the allergens involved in 
RASFF notices during this time period. The information available in the public 
portal did not make it possible to determine whether any of these allergen notices 
were related to cumin.

Table 5.2  North American food allergen recalls during the first half of 2015

Agency Total recalls Allergen recallsa Class Ib Class IIb Class IIIb

FDA 258 178 (69%) 115 (65%) 62 (35%) 1 (0.6%)
FSIS 95 43 (45%) 26 (60%) 17 (40%) 0
CFIA 177 71 (40%) 23 (32%) 31 (44%) 17 (24%)

aNumber and % of total recalls
bNumber and % of allergen recalls for that agency

Table 5.3  The most common 
food allergens in FDA recalls

Allergen Recalls

Peanut/Cumin 36
Peanut/Other 28
Milk 31
Soy 19
Tree Nuts 18
Egg 15
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5.4  �Discussion

Although these data present a limited snap-shot of food allergen recalls, there are 
several interesting insights that can be derived from this information. First, it is clear 
that undeclared food allergens continue to be a significant public health and industry 
problem, at least in North America. As has been seen in other studies, about half of 
all food recalls are caused by undeclared food allergens (Gendel and Zhu 2013; 
Gendel et al. 2014). There is no sign that this high rate of allergen-related recalls is 
decreasing, despite the improved awareness for allergen control by the food indus-
try. Given the high cost to the company (or companies) involved in a food recall, the 
cost to consumers who have reactions to undeclared allergens, and the loss of public 
confidence in the ability of companies to control allergens, it can be seen that these 
recalls are a huge economic and physiological burden to society.

Second, the classifications of the cluster of cumin-related recalls that affected 
products regulated by all three North American agencies show an apparent difference 

Table 5.4  The most common 
food allergens in FSIS recalls

Allergens Recalls

Peanut/Cumin 15
Peanut/Other 0
Soy 14
Wheat 9
Egg 6
Milk 5

Table 5.5  The most common 
food allergens in CFIA 
recalls

Allergens Recalls

Milk 22
Mustard 19
Wheat 11
Sesame 7
Peanut/Cumin 5
Peanut/Other 1

Table 5.6  Food allergens in 
RASFF (EU) notifications

Allergens Notifications

Milk 13
Wheat/Gluten 12
Tree Nuts 12
Soy 9
Egg 7
Peanut 5
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in the way that these agencies interpret the metrics used to determine recall classifi-
cation (Table 5.1). Both the FSIS and CFIA classified almost all of these recalls as 
Class I (93% and 80%, respectively) while only 50% of the FDA recalls were Class 
I. Although none of these agencies has publically described how these classifica-
tions were determined, it appears that the FDA may have considered consumer 
exposure to peanut protein in final food products to a greater extent than did the 
other agencies. Understanding the factors considered by FDA, and their relative 
weights, would be helpful to manufacturers who need to determine when allergens 
are “hazards that require a preventive control” under the Preventive Controls for 
Human Foods rule that was published in September of 2015.

Third, it is clear that, unlike pathogens, Class II recalls are a significant source of 
risk for allergic consumers. On average, 40% of the North American allergen-related 
recalls were Class II (see Table 5.1 and Gendel and Zhu (2013) for information on 
allergen recall classification). This is particularly important because the standard for 
reporting problems to the FDA Reportable Food Registry (RFR) is the same as for 
a Class I recall (Gendel et al. 2014). This means that information on food allergen 
risks is incomplete in the RFR database because not all recalled foods are included 
in the RFR despite a public health risk.

When the peanut in cumin recalls are disregarded, undeclared milk is the most 
frequent cause of allergen-related recalls. About 20% of all the non-cumin-related 
recalls on North America were linked to undeclared milk, and this was the only non-
peanut food allergen to cause recalls or notifications for all four agencies. This may 
reflect the widespread use of various milk derivatives in food formulations.

It is not possible to directly compare the number of notifications listed in the 
RASFF database to the recall information available from FDA, FSIA, and CFIA. The 
RASFF database includes data about a variety of problems, including border rejec-
tions, which are not recalls (RASFF 2015). Some notifications, for example the 
“information notifications,” describe situations where “the risk is not considered 
serious or the product is not on the market at the time of notification.” These situa-
tions would probably not lead to a recall in North America. In addition, this data-
base is effectively a secondary resource because it only contains information 
submitted by the regulatory authorities in the participating countries. Nevertheless, 
it is worth noting that allergen-related problems are much less frequent in this data-
base than they are in the recall databases from North America.

Integrating recall information across agencies or the whole food supply is diffi-
cult for several reasons. There are major differences between agencies in the con-
tent, format, and terminology in the publically available food recall data sets. The 
North American agencies are primarily concerned with providing short-term infor-
mation to consumers as press releases. There is seldom any follow up after the ini-
tial press release (such as what corrective actions have been implemented) unless 
there is a need to expand a recall. Each agency makes recall information available 
through a different online “front end,” and the structure and content of the recall 
notices can change from one recall to the next even in a single agency. The focus on 
consumer communication, and legal constraints, means that information on recalls 
of bulk products and products in business-to-business commerce (including prod-
ucts provided to food service operations) is not available.
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Although these data provide valuable insights into concerns related to allergen 
control, what is arguably the most important information—the root cause of a 
recall—is not made public by any food safety agency. In a few cases, such as with 
peanut protein in cumin, a combination of the information in multiple press releases 
with other news sources provides some insight into the background of the recall. 
However, even in those few cases, this information does not identify the fundamen-
tal root cause. Information on root cause is becoming increasingly critical because 
it can be difficult to ensure that appropriate allergen controls are in place and are 
being properly monitored without understanding how allergen control systems fail.

5.5  �Conclusion

The eventual success of regulatory preventive food safety systems will depend on a 
thorough understanding of the history of food-related public health problems. 
Although more information is currently available on the historical prevalence of 
microbial food safety, similar information is limited for food allergens. The use of 
data on allergen-related recalls could help to fill the data gap, but full realization of 
this potential will depend on the availability of more complete and well-structured 
data from food safety regulatory agencies.

There is also a clear need for a standardized approach to reporting recall data. 
Standardizing the specific information contained in each recall notification, the ter-
minology used among the agencies, and providing access to these data in a format 
that supports automated analysis would be important steps in allowing the use of 
advanced data analysis to identify the causes of allergen-related recalls and protect 
the health of food allergic consumers.

Understanding the past is critical for protecting foods and consumers in the 
future, and this understanding is particularly difficult to obtain for food allergens. 
Hopefully, the widespread adoption of prevention- and risk-based food safety regu-
lations will catalyze a change leading to increased data accessibility.
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Chapter 6
Allergen Management: Ensuring  
What Is in the Product Is on the Package

Susan Estes

6.1  �Introduction

Food allergen management has become a very important food safety program over 
the past 20 years. Prior to the early 1990s, little was known about the allergenic 
properties of food, and there was little done to control allergens by the food industry. 
From that time, awareness in all sectors of the industry has grown, including the 
manufacturing industry as well as regulatory agencies. As this awareness has grown, 
more mistakes are being identified. Some may think that the food industry is doing 
a poorer job at managing these risks. But a better explanation may be that mistakes 
that are being made were never identified before allergen controls were put in place 
and actually happened much more frequently. Allergen management-related recalls 
have increased by 41% from 2007 to 2012 (Gendel and Zhu 2013). According to the 
authors of that publication, 67% of recalls with a known root cause were the result 
of failures in label control. These failures include wrong product, wrong package 
(such as old packaging), and an incorrect formula version for the product in the 
package. These findings highlight the need for effective label management programs 
to control this significant food safety hazard.

There are many components of a food allergen management program. Some of 
these are:

	1.	 Product development strategies
	2.	 Label/Packaging controls
	3.	 Allergen cross-contact controls
	4.	 Verification programs
	5.	 Training
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These program components can be simply segregated into two objectives: (1) 
ensuring accurate labeling of allergens in ingredients used in the formula and (2) 
keeping allergens not in the formula out of the product. While these objectives seem 
easy to achieve, they can be very challenging. There are many control points. All are 
critical in an allergen control program. A failure at one point may cause the whole 
system to fail. This chapter focuses on the second objective, but it is important to 
look holistically at how both objectives are related, and the fact that all need to be 
effective to protect the food allergic individual.

An effective allergen label management program requires putting in place con-
trols at every stage of the packaging supply chain, from package development to 
application/filling of the final package. This supply chain includes the development 
and design phase, when ingredient evaluation, formulation, supplier ingredient and 
packaging controls must be considered. In production, label reviews must be con-
ducted at receipt, during storage and at point of use. Training is critical, along with 
record keeping of packaging use, and corrective actions implemented, if a failure 
occurs. This chapter covers risk assessment and controls for both the design phase 
and the operations phase.

6.2  �Design Phase

6.2.1  �Formulation

The first step to correctly label a product is to understand the allergen content of the 
ingredients that are going to be used in the formula. While this might seem simple, 
some important questions and discussions may be necessary. Many ingredients have 
multiple components and the composition of some, such as flavoring systems, may 
not be obvious. Allergens should only be added when necessary for the functional-
ity or characterization of the product. There are situations when using an ingredient 
is required, such as peanuts in peanut butter. In other instances, an alternative, such 
as a corn starch carrier for a flavor to replace wheat starch, is a preferred option as 
the wheat allergen is now removed.

6.2.1.1  �Package Design Team

The coordinated effort of many departments is required to develop a comprehensive 
and legal package label. The design team will be a cross-functional team, including:

–– Product, Process and Package Development (providing information on the product 
and process)

–– Regulatory Affairs (to ensure legality and compliance)
–– Quality, Food Safety and Supplier Quality (to provide the risk assessments 

detailed below).
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All must work as a team with ingredient suppliers to identify allergen containing 
ingredients and manage the risk to the business in order to prevent a costly recall.

6.2.1.2  �Understanding the Ingredients in Your Product

To have an accurate understanding of the ingredients in your product, the first step 
is to provide a questionnaire to the ingredient supplier. This questionnaire should 
include a number of inquiries about the allergen content of the proposed material. 
Some of these questions may include:

•	 Is an allergen present?
•	 Is the allergen intentionally formulated or present due to cross-contact?
•	 Name of the allergen component in the ingredient.
•	 Form of the allergen component in the ingredient.
•	 Concentration of allergen present in the ingredient.
•	 Allergen concentration determined by what method? (analytical or calculated)
•	 This question will help in the risk assessment (analytical data is always 

preferred)
•	 Are other allergens present in the supplier’s facility?

While this is not an all-inclusive list of questions, it should give a good start and 
can be revised as more experience is gained. If the capability exists, an electronic 
survey form may be the most convenient way to gather this information. 
Formulation software solutions do exist to facilitate this approach. If this solution 
also connects with a formulation tool, the generation of a label can also be an out-
put. But if budget is a concern, an email (or paper) gathering of the information 
would work just as well. If a form is used, it could look something like the exam-
ple in Fig. 6.1.

It is important to remember that a form must be requested for each ingredient, 
each supplier, and all suppliers’ manufacturing locations. In some situations, there 
could be some differences in minor ingredients from different suppliers. Additionally, 
even within a single supplier, the allergen profile of ingredients produced at various 
manufacturing locations and lines may vary. It is therefore necessary to have a 
completed form from each supplier’s manufacturing location. A completed example 
is included in Fig. 6.1.

6.2.1.3  �Risk Assessment of Supplier/Manufacturing Site Information

Once the information has been received from the supplier, an experienced employee 
should review the information. This will usually be done by the Food Safety or 
Regulatory Affairs member of the Design Team. The reviewer should understand 
ingredients, allergen content implications, and regulatory considerations. Once the 
review has been completed, some changes may be necessary by the product developer 
and/or supplier. Some items that the design team may want to consider:
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•	 Working with ingredient suppliers to remove unnecessary allergens
•	 Avoiding the use of allergenic minor ingredients that do not add to the product’s 

profile or function

Another factor that must be considered is the current line configuration at the site 
that will make the new product. The team must understand the current existing aller-
gen profile of the line or facility that is going to make the product to determine if the 
introduction of an allergen into the process has implications for food safety, produc-
tion practices, or label design for existing products. They must also have an under-
standing of current products made on the line to be used and any indications of 
cross-contact that would impact the label of the new product.

All documentation around labeling decisions and assessments should be main-
tained for future reference. This type of historical information can be helpful in 
future decisions or if challenged.

6.2.1.4  �Risk Assessment of Ingredient Suppliers

It will be necessary to understand the allergen controls in place at the ingredient 
manufacturer’s location. This review will help you to understand the level of risk 
to the ingredient for cross-contact and also the quality of the information pro-
vided, and is usually done by the Supply Quality member of the team. 
Unfortunately, the level of understanding around allergen management controls is 
not the same across the industry. There may be an opportunity to educate and 

Allergen Contains Formulated Cross
Contact

Name of
Component

Form of
Component

Concentration Method In Facility

Milk

Egg

Soybean

Wheat

Tree Nut 

Peanut X Yes No Peanut 
Butter

Particulate 10 ppm Neogen
Veratox

No

Fish

Shellfish

Food Ingredients, Inc.

Ingredient Name:___Peanut Butter Chip #12345_ Supplier:_Chips, Inc.
Supplier Location: ____Chicago, IL________________________

Fig. 6.1  An example of a supplier ingredient survey
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partner with the supplier to increase their understanding of allergen risks and 
improve their programs. It is also necessary to confirm that the supplier cannot 
change ingredient composition or the processing environment without first notify-
ing the company. It should be made clear that the expectation is that if a change is 
made that impacts the information previously shared, the information should be 
revised and resubmitted.

6.2.2  �Developing the Label

6.2.2.1  �The Ingredient Statement

Once these considerations have been addressed, the next step is to determine how 
the ingredients will be listed in the ingredient statement of the product. Many 
countries have regulations that specify which allergens must be declared on the 
package, and in what format. In the U.S., for example, the Food Allergen Labeling 
and Consumer Protection Act (FALCPA) (FDA 2004) requires the top eight aller-
gens be labeled in plain English on the product package. Two format options are 
allowed: the allergen is listed in the body of the ingredient statement in common 
language, i.e., whey (milk). Another option is to use a statement at the end of the 
ingredient line, such as: Contains milk. Both of these options can be used, but the 
two cannot be in conflict with one another. A limitation of current labeling regu-
lations is that the presence of any amount of allergen requires its presence on the 
label. All food products containing allergens, even with small amounts, are 
required to declare their presence. While there is much debate around “how much 
is too much” in the allergy community, there are data to show that some very low 
levels of allergens (ppm or mg amounts), may not provoke an allergic response 
in sensitive individuals (Taylor et al. 2010). The establishment of allergen thresh-
olds may eliminate the labeling of ingredients with very small amounts of aller-
gens, thus expanding food choices for these patients who already have a limited 
diet.

Once the appropriate text for the ingredient information has been determined, it 
will be necessary to make sure that this information makes it to the label. An inter-
nal approval process for graphics prototypes should be in place to ensure that this 
happens. There should be an accountable party to review and sign off on each 
component of the label to make sure that the ingredient information that was devel-
oped is correctly captured on the graphic. It is also important to remember to 
review multipack and/or external carton labels to ensure consistency with the indi-
vidual items within the packs or cartons, as the external package labels are being 
created.

A point to remember in the development cycle: Products made specifically for 
R&D purposes that will be consumed by anyone, even employees, should have 
proper allergen labeling indicating any allergens present in the product.

6  Allergen Management: Ensuring What Is in the Product Is on the Package



108

6.2.2.2  �Precautionary Statements

FALCPA does not address allergen cross-contact, or the inadvertent incorporation 
of an allergen into a food. The food industry uses advisory or precautionary labeling 
when there is a risk of cross-contact during food manufacture. This would apply to 
the inadvertent presence of allergens in incoming ingredients as well as the actual 
impact of the line used in the manufacturing of the product. As precautionary label-
ing is voluntary, the food industry is left to determine, by company, when and how 
it is used. The approach that companies are taking varies widely. Some will label a 
product with a precautionary statement if an allergen is present in a facility, even if 
there is no risk of that allergen getting into the product. This approach unnecessarily 
limits the choices of food allergic consumers. More importantly, foods that really do 
carry a risk, and are labeled to warn of this risk, will be ignored by the food allergic 
consumer.

A best practice approach includes the premise that precautionary labeling 
should be used with great caution, and only as an exception rather than a default 
approach. It should only be used on rare occasions, and never as a substitute for 
good cleaning practices. Precautionary labeling should be used in situations when 
the presence of the allergen is documented, sporadic, uncontrollable, and poten-
tially hazardous. Some examples of evidence would be finished product testing 
which indicates the significant presence of an unformulated allergen after a com-
plete and thorough cleaning has been conducted. This is an indication that the 
equipment can’t be adequately cleaned, and there is a risk to the consumer. 
Precautionary labeling should only be used when there is a true risk to someone 
with the allergy in question, and not just a mechanism to potentially protect the 
company from liability. If all companies would adhere to this approach, the label-
ing to warn of inadvertent allergen content would become meaningful and not be 
ignored by allergic consumers. Establishment of allergen thresholds could poten-
tially standardize use of advisory labeling so that if levels above those considered 
a public health concern are found in a product, the product would be labeled 
appropriately.

6.2.2.3  �Products Produced for Export

U.S. manufactured products intended for an international market will need to be 
properly labeled according to requirements of the country where the product will be 
sold. Regulatory requirements vary, so it is necessary to ensure that specific require-
ments for the country of sale are met. Some companies may proactively label aller-
gens to accommodate frequently exported products (such as the labeling of sesame 
for Canada on U.S. products), for ease of label and line management.
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6.2.3  �Package Design: Appearance

6.2.3.1  �Design Considerations to Minimize Operational Failures

As the marketing team is developing the design/layout of the package, there are 
some considerations that can be helpful in differentiating packaging between prod-
ucts. These differences can be helpful in making sure the right product gets into the 
right package. Differentiation can also help the consumer find the product they 
would like to purchase—a dual benefit.

One way to accomplish this is to have different color flags for different flavors. 
In the examples below (Figs. 6.2 and 6.3), different colors are used to designate 
different flavors of the same product.

While this approach is helpful, a better example is the one shown in Fig. 6.4. 
Different colors of packaging make the distinction between flavors much more 
apparent. It is helpful in the manufacturing plant to distinguish between flavors, but 
also helps the consumer find the flavor they want to buy.

6.2.3.2  �Design Considerations for Enhanced Consumer Awareness

Another consideration is the physical design of the packaging when the allergen 
profile is changed. This is important when an allergen is being added to a product 
that did not previously contain the allergen. As we know, allergic patients and their 
caregivers are voracious label readers. But sometimes these individuals become 
comfortable with a product and may not check the package.

Fig. 6.2  Example of a differentiation of product flavors by flavor name color differences (Courtesy: 
PepsiCo, Inc.)
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Fig. 6.4  An example of 
color differentiation of 
flavors by using different 
bag colors for different 
flavors (Courtesy: PepsiCo, 
Inc.)

Fig. 6.3  Differentiation of title color for product flavor type (Courtesy: PepsiCo, Inc.)
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To help these individuals be aware of a change to the product, a flag on the front 
panel stating “New Formula” or “New and Improved” can act as an indicator to 
encourage them to read the ingredients to see if a change has been made that may 
impact their ability to eat a product. Highlighting the allergens, in bold letters or 
some other fashion, may also be helpful (see Fig. 6.5).

6.3  �Operations Phase

6.3.1  �Label/Packaging Supplier Controls

6.3.1.1  �Package Engraver

Ultimately, manufacturers are responsible for putting the correct product into the 
right packaging with a product label that matches the contents of the package. But 
ensuring the label information is translated to the package begins at the engraver of 
the die plates. The graphic layout is transferred from the design team to the engraver, 
who will manufacture the plates for printing. Controls must be in place here to make 
sure that the information is transferred correctly, that obsolete die plates are 
destroyed, and inventory tracking is implemented.

New and 
Improved 

New 
Formula

 

Fig. 6.5  Potential flags to allergic consumers that the product has changed and the ingredient list-
ing should be checked (Courtesy: PepsiCo, Inc.)
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6.3.1.2  �Packaging Manufacturer

A control point at the packaging supplier is to verify that the correct die plate is used 
to print the packaging. The product name and formulation version must be carefully 
managed and tracked. Additionally, there should be a process in place to make sure 
that labels/packages are not mixed with labels of other products or versions. Finally, 
there should be controls set in place to destroy old plates, old packaging, and any 
other outdated materials at the packaging manufacturer.

While these controls are the responsibility of the package supplier to execute, a 
process to audit their programs and procedures will give the food manufacturer 
assurance that these controls are effective.

6.3.2  �Controls at Food Manufacturing Locations

6.3.2.1  �Label/Packaging Review Upon Receipt

The next stage in the supply chain where label controls should be in place is at the 
product manufacturing location. As new labels/packaging arrive at the location, 
they should be reviewed for accuracy, to make sure the statements reflect the formu-
lation that is going to be used to make the product. This can be done by a visual 
review or by an automated scan.

If labels are printed in-house, the manufacturing location should have a program 
in place to review each batch printed for accuracy. This may be done by manually 
checking the label for accuracy.

6.3.2.2  �Label/Packaging Control During Storage/Staging for Production

The materials must then be inventoried. An inventory control system must be in 
place to proper storage and to account for destruction of packaging. The warehouse 
staff must be able to easily locate the appropriate packaging for the production run. 
This can be accomplished by using a warehouse management system that has a 
unique identifier for each material. This identifier can be scanned and documented 
prior to removal from the warehouse. The line attendant can also scan the identifier 
when the materials are placed on the line. When it is time to use the new materials, 
the old versions must be removed, defaced or preferably, destroyed. The old packag-
ing should be sent to an approved landfill for destruction, with an affidavit of 
destruction sent after completion. This will eliminate the potential for the old 
material to be moved and used on the line.

Additional controls include storage of labels away from potential contact with 
ingredients or spills to prevent allergen exposure. Designated storage locations for 
packaging away from ingredients would be appropriate. It is also useful to establish 
a tracking system for removal of packaging from storage, placing packaging on the 
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line, and returning any partial batches to inventory. This system should include a 
record of the responsible party for each step for verification purposes. This can easily 
be accomplished using an online tracking system or simply a log sheet with initials 
of the designated responsible party.

6.3.2.3  �Label Verification at the Point of Use

Controls at the point of line manufacturing are critical to correct labeling. Most 
mistakes are arguably caused by human error. Therefore, the best means for mini-
mizing labeling errors is to make the manufacturing process as automated and 
mistake proof as possible.

Control solutions for label/package use can range in cost and complexity. 
Purchased equipment such as vision systems/UPC scanners can be costly but very 
effective. Vision systems can be calibrated to look for specific markers, unique to a 
specific package. Color differences, text differences, and other markers can be used 
to differentiate between packages. The machine must be properly calibrated to dif-
ferentiate between packages. Some examples are demonstrated in Fig. 6.6.

The vision system can also be used to check the UPC code. This is the best way 
to make sure the right packaging for being run on the line. The UPC is unique, and 
will be a very specific control. It may also be helpful to track the formula version on 
the package as well. This also ensures that the version of the product package 
matches the version of the formula that is currently being manufactured (Fig. 6.7).

There are some inexpensive controls other than automated vision systems that 
can also be used. A simple visual comparator can be created. The tool can be as 
simple as a verified correct label with the allergens highlighted. This label can be 

Fig. 6.6  An example of how a color difference or text difference can be used for detection by a 
vision system (Courtesy: PepsiCo, Inc.)
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physically compared to any new labels to make sure that the highlighted ingredients 
have been captured. The example can focus primarily on allergens, allowing the line 
operator to quickly check that the allergens in the product are correctly reflected on 
the label when the packaging is brought to the line (Fig. 6.8). This is an easily 
executed quick check that may prevent a costly recall.

6.3.3  �Staff Training

As with all components of an allergen management program, training is critical to 
correctly execute the packaging control portion of the program. General training 
should include allergen awareness training for all new employees and annual 

Fig. 6.7  An example of a designation of formula and version on a package to be used for tracking 
purposes (Courtesy: PepsiCo, Inc.)

Fig. 6.8  By simply highlighting allergen containing ingredient, other labels can be compared to 
this example to make sure these ingredients have been correctly labeled
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refresher training for all employees. Most importantly, specific documented training 
per job responsibilities is critical. For package controls, warehouse personnel should 
be trained on how to verify package accuracy upon receipt, the correct procedure for 
pulling of film/package material from stock, and stock rotation and the documenta-
tion required for both procedures. The line operator should be trained to verify the 
formulation and packaging match—the product and version being made are the 
same on the packaging. This check should be documented on the line paperwork.

6.4  �Summary and Conclusions

As stated earlier, allergen related food safety incidents are the leading cause of 
recalls in the U.S. Therefore, allergen controls must be a part of the manufacturing 
site’s food safety program. Regulations will dictate how controls are implemented 
and will be based on the standard level of care expected in the industry. All of the 
appropriate documentation and training must be in place to enable the food safety 
plan to be executed effectively.

There are controls that can be implemented throughout the supply chain to mini-
mize the potential for allergen related packaging errors. These controls begin in the 
product development cycle. Controls in the package design and development pro-
cess can also be implemented. Allergens in every supplier material used in produc-
tion must be identified to ensure proper labeling. This step is critical for conveying 
what allergens are formulated into the product. Cross-contact allergens or uninten-
tional allergens that pose a risk to the consumer must also be considered.

Once the allergen content of the product has been determined, controls are neces-
sary to make sure this information is correctly included on the label via the ingredi-
ent statement. The review of package content prior to, during and after the actual 
production of the package is critical. There are tools available, both automated and 
manual, that can help with this process. These controls must be included in a food 
safety program and monitored effectively. Training is critical, both for awareness 
and specific job responsibilities.

These components are critical for a successful Allergen Management Plan to 
ensure that the manufacturer will succeed in the following key objective: Label 
what they add, and not add what they do not label!
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Chapter 7
Allergen Management in Food Processing 
Operations: Keeping What Is Not 
on the Package Out of the Product

Timothy Adams

7.1  �Introduction

Food allergens have become a tremendous concern for the packaged food industry. 
The increasing urgency that food manufacturers feel in controlling allergens is 
partly driven both by increasing numbers of people affected or aware of food aller-
gies. A variety of data suggest an increasing prevalence of food allergies, especially 
in children (Sicherer 2011; Branum and Lukacs 2008). In addition, public aware-
ness of food allergies, while still less than ideal, has also increased (Taylor and 
Hefle 2005).

Few companies in the food industry had food allergy management policies in 
place before 1990 (Taylor and Hefle 2005). Initial efforts to develop allergen man-
agement programs began in response to consumer demand, with the FDA becoming 
involved soon thereafter (Taylor and Hefle 2005). The FDA’s Food Allergen 
Labeling and Consumer Protection Act of 2004 (FALCPA) was a pivotal law that 
was intended to make it easier for those with food allergies and their families to 
identify food products that contained allergens (FDA 2004). The law required food 
labels to highlight the presence of certain allergens within food products. For exam-
ple, if lecithin was used in manufacturing a product, the label would have to make it 
clear that this product contained soy, either through a parenthetical statement after 
the ingredient (“lecithin (soy)”) or by a separate “contains soy” statement.

FALCPA provided a way for consumers to know if intentional allergens were 
present in manufactured foods. The law, however, did not address the possibility 
of accidental allergen cross-contact, which is defined as when an allergen is acci-
dentally transferred from a food containing an allergen to one that does not con-
tain the allergen (FARE 2017). Precautionary advisory labeling (PAL) for 
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allergens arose in the food industry to manage and communicate potential risk to 
consumers resulting from potential allergen carryover from other products manu-
factured on the same equipment or in the same facility (DunnGalvin et al. 2015). 
FALCPA did not require nor did it provide guidance regarding the use of precau-
tionary advisory labeling (such as “may contain nuts”) beyond stating that PAL 
should not replace good manufacturing practices and must be truthful and not mis-
leading (FDA 2006).

FDA’s landmark Food Safety Modernization Act (FSMA), which was signed into 
law in 2011, contains provisions to prevent accidental food allergen cross-contact in 
manufactured foods (FSMA 2011). FSMA has made food allergen control an 
explicit part of its preventive controls for human foods (PCHF) requirements, ele-
vating food allergen management to a level comparable to that previously reserved 
for food pathogen management (FSPCA 2016). The preventive controls for human 
foods regulations specify that food allergens be considered when conducting the 
required hazard analysis for a manufactured product. Furthermore, the regulations 
require that controls be in place to prevent cross-contact and to ensure that labeling 
is performed correctly (FDA 2015).

Besides being logical in terms of public health, preventive controls for food 
allergens also make sense from a business perspective. Allergens represent a 
major source of food recalls both in the U.S. and internationally (Gendel and Zhu 
2013; Bucchini et  al. 2016). Recalls can be enormously expensive (Pozo and 
Schroeder 2016), especially class I food safety recalls (the category under which 
most allergen-related recalls fall). Recalls also generate bad publicity, increase 
insurance premiums, and in some cases may result in costly litigation for a com-
pany (Marler 2015).

To comply with the preventive controls requirements, to protect public health, 
and to protect the company’s reputation and bottom line, an allergen management 
program is essential for food manufacturers. An allergen management program is 
the set of controls an organization uses to prevent unintended allergens from being 
present in products. The controls used may include activities related to virtually all 
parts of the manufacturing process, including ingredients and suppliers, labeling 
and packaging, product design, receiving and storage, engineering and system 
design, operational controls and scheduling, sanitation and changeover practices, 
equipment and facility maintenance, employee training, and consumer contact.

Each company’s (and even each facility’s) allergen management program will be 
unique and should receive input from representatives from manufacturing, quality, 
and regulatory, but also engineering, sanitation, customer service and other func-
tional areas as appropriate. The allergen management program will be a living plan, 
to be reviewed and revised as needed when changes such as new ingredients or 
processes are introduced.

Two key objectives exist in every allergen management program:

•	 Correctly communicate the allergen content of the product to the consumer via 
labeling (discussed in Chap. 6)

•	 Keep allergens which are not on the label out of the product
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This chapter focuses on the second of these objectives: keeping allergens that are 
not supposed to be in a product out of a product. The main components of an allergen 
management program are highlighted, with discussions on validation for allergen 
sanitation (Sect. 7.3.7) and allergen management program review (Sect. 7.3.8).

7.2  �Sources of Allergen Cross-Contact

In order to conduct an allergen risk assessment, it is critical to think about and 
understand potential sources of allergen cross-contact. In the complicated and fast-
paced environment of a food manufacturing facility, there are many opportunities 
for allergen cross-contact, some of which are shown in Fig. 7.1.

Some sources of allergen cross-contact in a manufacturing environment are easy 
to imagine. For example, if the same manufacturing equipment is used for both a 
cheese cracker and a plain cracker, inadequate sanitation procedures between runs 
could lead to milk allergen being present in the plain crackers. Similarly, manufac-
turing peanut candy on a line next to a line that makes a chocolate candy could 
result in a peanut fragment accidentally being introduced into the chocolate candy. 
Other sources of allergen cross-contact may be less obvious. If an employee eats a 
peanut butter sandwich at lunch, crumbs from that sandwich could fall from their 
beard while they are weighing ingredients for a manufacturing run. An ingredient 
supplier could make a small change that can have a big impact; for example, in one 
real-life example, chocolate was contaminated with peanut allergen when the cocoa 
bean supplier reused jute bags that had previously been used to ship peanuts (Taylor 
and Hefle 2005). Finally, human error can also result in allergen cross-contact: 
mistakes can happen during labeling, formulation, or in the manufacturing process 
that may result in the unexpected introduction of allergens.

Fig. 7.1  Key sources of allergen cross-contact during food manufacturing activities
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It is important to remain vigilant and to carefully consider the possible impact of 
each step (and every change) to a manufacturing process to ensure the potential for 
allergen cross-contact is considered and addressed within the allergen control pro-
gram. Even companies that do not typically handle allergens may want to consider 
a program in case they inadvertently handle allergens because of mislabeling or 
contamination of ingredients used in their products.

7.3  �Elements of Effective Allergen Control Programs

Chapter 6 of this book discusses two important controls that a manufacturing facility 
should use in their allergen control program: ingredients/supplier controls, and label-
ing/packaging controls. The subsections below in this chapter cover other key elements 
of allergen control that a manufacturing facility should consider employing. Additional 
resources are available to help with the development of an allergen control plan for 
your company (Deibel et al. 1997; Taylor et al. 2006; Jackson et al. 2008; GMA 2009; 
Ward et al. 2010; Gendel et al. 2013; FoodDrinkEurope 2013; FARRP 2017).

7.3.1  �Product Design and Hazard Assessment

Careful product design can reduce food allergen risks in manufactured foods. First, 
consider the ingredients you use within all products manufactured in your facility. 
Do you really need that particular ingredient in that product? For example, if you 
can eliminate the use of milk from a product, you not only make that particularly 
product safe for those with milk allergies, but you also reduce the chances that other 
products manufactured in your facility will accidentally contain milk as a result of 
manufacturing carryover.

It is also critical to consider ingredients that present allergen risk because of your 
supplier’s practices. For example, if your pecan supplier is expanding operations to 
include other tree nuts and peanuts, you now need to ensure that your supplier is 
controlling the cross-contact hazard. Depending on risk, you may want to find a dif-
ferent supplier who only produces pecans to reduce the risk that traces of non-pecan 
nuts or peanuts might be present in the ingredient you purchase from them. Another 
option in this situation would be to use advisory labeling. A “zero tolerance” policy 
may be considered “prudent” by some facilities (Hewitt 2012). Alternatively, you 
may choose to audit that supplier and assess first-hand the steps they are taking to 
control allergen cross-contact in their own facility. Any allergen risks coming from 
a supplier become risks for your product, too, especially since levels of allergens 
capable of triggering allergic reactions are very low (Taylor et al. 2002).

Formulation and supplier changes also need to be made with a consideration of 
how they may affect the allergenic potential of a product, including both obvious 
risks and more subtle ones. Formulation changes for one product can also impact the 
allergenic potential of other products made within the same manufacturing facility. 
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Considering the increasingly complex nature of the supply chains, a manufacturer 
needs to ensure (via supplier agreements, for example) that no allergens are intro-
duced when changes are made by a supplier, and/or that any change made to an 
ingredient is communicated in advance so its impact can be assessed.

Hazard assessment, to include food allergens, is now required under FSMA’s 
preventive controls for human foods regulations (FDA 2015). The hazard analysis 
process identifies where a hazard exists in a process and helps determine where 
controls are required to mitigate allergen risk. A cross-functional team approach 
should be adopted for the hazard analysis exercise, since the perspective from dif-
ferent functional groups may identify different hazards. For example, production 
workers may be better at identifying potential human errors that might occur during 
manufacturing, while those involved in receiving may know that certain ingredients 
are more prone to leaking during shipment.

The use of a process flow diagram is critical when conducting a hazard analysis 
in order to identify the point in a process where allergen is added and also where it 
could be inadvertently introduced. The facility HACCP team should verify the flow 
diagram and identify allergen hazards on the production floor during all normal 
operating conditions. A facility map may also be useful to help visualize product 
flow and potential sources of cross-contact. During the hazard analysis, consider 
options that allow the use of an alternate ingredient that is not an allergen, changing 
the addition point of the allergen within the manufacturing process (later is better to 
reduce the amount of equipment that will be contaminated), or obtain your ingredi-
ent from another source if that reduces the possibility of allergen cross-contact.

The hazard analysis needs to be reassessed when formulation or equipment changes 
are made. A new piece of equipment may be more difficult to clean, allowing allergen 
residue to remain and potentially contaminate subsequent runs on the same equip-
ment. A formulation alteration might introduce an unexpected allergen because of a 
contaminant in a new ingredient, or the formulation alteration may require a change 
in cleaning methods in order to ensure removal of food residue from equipment.

The hazard analysis needs to consider the entire facility and its full capabilities. 
The ideal preventive control is obviously to have separate, dedicated facilities for 
products with different allergens. However, such measures are not generally feasi-
ble. Even when separate facilities exist, the potential for allergens to be inadver-
tently introduced to a facility within an ingredient needs to be considered. The 
hazard analysis should identify all of these gaps and develop programs, procedures, 
and controls to close them.

7.3.2  �Receiving and Storage Practices

As discussed in Chap. 6, you should have certain supplier controls in place prior to 
receiving raw ingredients. For example, your company should have some agree-
ments with your suppliers to ensure that you will be notified if any changes in the 
ingredient are made, or you may request a letter of guarantee that an ingredient does 
not contain a specific allergen.
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It is critical that all food allergens that enter your facility be identified at the 
time they are received. The labels of all incoming materials need to be reviewed 
to ensure that the correct material was shipped. Shipping controls are also impor-
tant: consider what else was shipped with the product, and what was previously 
shipped in the truck or container. In one real-life example, a bakery product was 
contaminated with peanut allergen because the wheat used to make the flour was 
transported in a rail car that had previously transported peanuts (Taylor and 
Hefle 2005).

Receiving controls should include inspection for possible damage and/or leaks. 
The facility should have a detailed response plan for any allergen spill, and house-
keeping and other personnel should be aware of and trained on what to do in such 
an event. Containers with allergenic ingredients should be appropriately and promi-
nently tagged or labeled (color-coding is helpful), then segregated from non-
allergenic ingredients.

Dedicated storage rooms (and/or pallets or containers, as appropriate) for aller-
genic ingredients should be used whenever possible, with careful consideration of 
the volumes that will need to be stored, the types of packed ingredients, and how 
many different separation scenarios your facility will need. When storing allergenic 
and non-allergenic ingredients in the same area, the facility must establish practices 
to prevent allergen cross-contact such as routine inspection, covering of materials, 
removal of outer coverings, and avoiding storage of allergenic ingredients above 
non-allergenic ones.

7.3.3  �Engineering and System Design Requirements

The sanitary design of equipment and tools used in your facility should be reviewed 
to ensure that they are accessible and cleanable to your company’s definition of 
“allergen clean” (which starts with being “visibly clean”). Niche areas or “dead 
spots” in equipment may require remediation. The potential need for disassembly of 
equipment for cleaning and subsequent inspection should be considered. All sur-
faces of equipment that might be exposed to allergen need to be made of a material 
that is compatible with the sanitation processes that will be used and the frequency 
with which such processes will be performed.

The design of a facility and its infrastructure also plays an important role in 
avoiding allergen cross-contact. Air handling systems should be designed if possi-
ble to minimize allergen movement through air movement within the facility. 
Appropriate placement of floor drains can facilitate allergen sanitation by allowing 
equipment and facilities to be cleaned thoroughly with complete removal of waste 
water. Ceilings and overhead equipment should be considered as potential reser-
voirs for airborne allergens. Walls, curtains, and other methods of separation can be 
used to prevent allergen movement within a facility. Particular attention should be 
paid to cross-over points where one allergen zone intersects a different one, as these 
are locations where allergen cross-contact may be most likely to occur.
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7.3.4  �Operational Controls and Scheduling

Sometimes dedication and separation during manufacturing are not possible. In 
such circumstances, production scheduling represents the best tool that can be used 
to minimize allergen cross-contact between runs. Some basic rules are usually fol-
lowed in these cases. First, allergenic foods are usually run last to minimize the 
chance that they can contaminate non-allergenic foods. Production runs should be 
grouped (or longer runs utilized) when possible to minimize the amount of change-
over work required between non-allergenic and allergenic products.

Sufficient time must be scheduled for allergen sanitation and any associated sani-
tation verification activities. In some cases it may be more economical to relocate 
production lines to save money on cleaning and sanitation. The HACCP team needs 
to ensure that individuals involved in scheduling manufacturing runs which contain 
different allergens have the appropriate knowledge to ensure that the potential for 
allergen cross-contact is minimized. Tools such as the changeover matrix shown in 
Fig. 7.2 may be useful.

In this matrix, the type of sanitation regimen and appropriate verification proce-
dures necessary for any two types of consecutive product runs are specified in the 
grid by different colors. For example, if the first run contains a milk allergen as an 
ingredient (A), then if the second run contains milk and egg (D), then a GMP-level 
sanitation process (to a visually clean level, for example) is adequate between runs 
(yellows squares), with no allergen verification needed. However, if the second run 
contains an egg allergen instead of the milk allergen (E), the sanitation procedure 
must be appropriate to remove the milk allergen, and verification that the milk aller-
gen is absent is needed before the second run containing the milk allergen can 
proceed.

Preoperational controls include various activities in addition to scheduling that 
should occur before a manufacturing run to ensure that the correct product is made 
and packaged without allergenic cross-contact. A line start-up SOP should be in 
place which ensures the manufacturing line is cleared of all packaging and ingredi-
ents from previous runs. Formula and ingredient checks should be implemented to 
ensure that the correct recipe and ingredients are always used. Packaging checks 
should also be included to make sure the correct packaging is used. Any allergen 
containment requirements identified through plant risk assessments (dust collec-
tion, curtains, etc.) need to be verified to be in place. The use of designated equip-
ment or allergen-designated (or non-allergen-designated) tools and utensils should 
also be verified as appropriate.

Controls during operation can take many different forms. For example, employee 
personal protective equipment (which might be color coded) could be employed for 
the allergen area, with movement to other production lines controlled (and in some 
cases, prohibited). The traffic patterns and flow of employees, ingredients, and 
packaging materials may need to be prescribed and monitored. Controls that pre-
vent equipment or machines from being used before cleaning and sanitation (analo-
gous to lock-out and tag-out systems used in EHS programs) may be helpful to 
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ensure manufacturing runs only occur when all controls are verified to be in place. 
Any material that is held for work in progress (WIP), rework, or that is outside of 
process needs to be prominently and consistently labeled. Specific products where 
rework can be used should be appropriately identified. Labeling is important, as is 
traceability of rework.

Additional GMPs may include hygiene rules for employees, contractors, mainte-
nance workers, visitors, etc. These rules may include not bringing allergenic per-
sonal foods into the plant, handwashing, use of gloves and other protective wear, 
and other rules that will prevent people from accidentally transferring allergen any-
where within the plant.

7.3.5  �Maintenance Practices

Maintenance activities occurring within a plant may be unscheduled (due to an equip-
ment failure) or routine procedures to keep equipment and the facility running 
smoothly. Controls and procedures should be in place to prevent allergen cross-contact 
during maintenance activities, including both in-process “hot work orders” and offline 
maintenance work. These controls should ensure tools, carts, and work areas are 
maintained and procedures are followed to minimize inadvertent allergen contamina-
tion. Training for maintenance personnel is also needed to ensure they understand the 
importance of preventing allergen cross-contact and are cognizant of this potential 
when they perform their duties. Off-line sanitation work can include a sanitation and 
inspection step to ensure allergen cross-contact risk is mitigated or controlled.

7.3.6  �Sanitation and Changeover Practices

Procedures for sanitation and product/equipment changeover need to be clear and 
easy to follow.

Wet cleaning is the best approach for allergen removal as most protein allergens 
are soluble in water (Taylor et al. 2002). Unfortunately, it is not always possible to 
introduce water into a particular manufacturing environment (Jackson et al. 2008) 
(see also Chap. 8). Dry cleaning needs to be performed in a way that minimizes the 
formation of aerosols or airborne dust. Push-through cleaning using an inert, non-
allergenic ingredient is another option, but may require careful validation to ensure 
that allergen is completely removed (Taylor et al. 2002).

Allergen sanitation standard operating procedures (SSOPs) need to be in place 
which consider the type of allergen that is present (paste vs. particulate; water vs. oil 
soluble; matrix composition), the concentration of the food allergen, and the type of 
food contact surface that is being treated. A changeover matrix such as that shown 
in Fig. 7.2 can be used to help define allergen sanitation requirements under different 
conditions. Unless separate, labeled tools and utensils are used, defined procedures 
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for sanitation tool cleaning and management should be developed. Signage can help 
reinforce compliance with these procedures.

Defined sanitation performance standards should be in place. “Allergen clean” 
begins with a visual inspection, but in some cases requires additional evidence and 
testing to ensure that a facility or equipment is suitable for the manufacture of a 
non-allergenic food product. Verification and validation plans for allergen sanitation 
are covered in the following section of this chapter.

7.3.7  �Verification and Validation for Allergen Sanitation

Verification is defined as the routine monitoring of the defined process to show 
adherence to a standard. In other words, “We did what we said we would do.” In the 
context of allergen cleaning, verification provides assurances that the allergen SSOP 
was performed as designed with all steps completed.

Allergen SSOPs often include checklists which specify the required sanitation 
activities. Such checklists may be combined or included with various other preop-
erations checklists. A visual inspection of all equipment prior to assembly is usually 
included in the SSOPs. Although allergen sanitation starts with a visually clean 
standard, in certain cases additional allergen specific testing may be warranted. A 
facility must decide their testing program and incorporate various tools including 
ATP, protein, or allergen-specific testing. The facility needs to be aware that typical 
sanitation verification tools like ATP and total protein do not give allergen specific 
information and use of a combination of both types of tests provides a more com-
prehensive approach (Jackson et al. 2008).

Fig. 7.2  Example of a product scheduling changeover matrix
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Testing can be done on equipment or on finished products. Sampling plans are 
critical and will differ depending on whether the potential allergen is a powder or a 
particulate (for example, a peanut). The sampling plan and expectations should be 
carefully defined in the allergen SSOP.

The frequency of verification testing needs to be carefully considered, with 
mechanisms in place to increase or decrease testing depending on the trends seen 
over time. Corrective actions for possible results of the testing should be prespeci-
fied. Employees should be trained on these procedures to ensure compliance when 
events requiring a corrective action occur.

In contrast to verification, validation is defined as the process and necessary steps 
to ensure the effectiveness of a particular process. In other words, validation dem-
onstrates “what we did was effective.” For an allergen SSOP, validation means dem-
onstrating that the SSOP is effective in reducing an allergen hazard to an acceptable 
level.

The validation plan should prespecify which analytical methods will be used. 
Methods should be appropriate for your particular product. The validation plan 
should consider what will be tested (finished product or something else) and define 
a sampling plan with expectations. The frequency of conducting validation studies 
(initial and ongoing) should be specified, as should any conditions that would trig-
ger the need for revalidation or additional validation testing. Training of all employ-
ees involved in validation, just as for verification, should also be included within the 
validation plan.

For both verification and validation testing plans, appropriate test methods for 
the allergen of interest need to be determined and a lab to perform testing identified. 
Knowledge of the allergen you are targeting is needed to identify the best test. It 
may be helpful to work with your testing lab to understand potential detection 
issues.

If multiple allergens are being used in a product, consider targeting a specific 
allergen to reduce testing time and expense. The choice of allergen might be based 
on the relative amounts of the allergens being used, the timing of when allergens are 
added within the manufacturing process, the difficulty of cleaning each allergen, 
and the form of the allergen (particulate, paste, powder). Multiple validation studies 
covering each allergen may be required to support some programs. For example, if 
a facility adds peanut paste at the end of the line, but also has a milk difference 
throughout an entire process, the facility will probably need to target both allergens 
to verify allergen sanitation and controls are effective.

When designing an allergen sanitation validation protocol, it is important to ver-
ify the presence of the allergen in or on the equipment and in the previous food to 
be cleaned and removed as positive controls. It is important to ensure that your 
analytical method works in both your “before-food” and “after-food” matrices with 
which you are working. Once such positive controls are collected, the allergen 
SSOP should be followed to a visibly clean standard.

The sampling plan for the allergen sanitation validation protocol should specify 
what equipment needs to be swabbed, and where on the equipment the swabs should 
be taken, and how much finished product should be tested. It may be also useful to 
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include sampling intermediate product or final rinse water from CIP systems in your 
validation protocol. The sampling plan should also consider the type of allergen that 
might be present (particulate, powder, etc.) when determining how the finished 
product should be sampled and tested.

Test results need to be interpreted, with the interpretation of various results pro-
spectively discussed in the validation protocol. In the event of a positive result, the 
steps that should be taken next should be prespecified in the protocol. Situations 
where repeat testing may be warranted should be discussed, and how to proceed 
following such testing (especially when conflicting results are obtained) should be 
part of the validation protocol.

7.3.8  �Program Auditing

The allergen management program should be periodically reviewed. An internal 
program audit can help ensure program effectiveness in controlling allergen cross-
contact risk.

Audits should be performed at a predetermined frequency by a cross-functional 
team. The review should carefully assess any changes made to the current ingredi-
ents, the introduction of any new products in the facility, and any changes to manu-
facturing or sanitation processes.

Consumer contact information should also be reviewed to identify any trends in 
complaints and ensure resolution of any corrective actions. It is important to con-
sider where allergens could be the cause of any of your consumer contacts, even if 
allergens were not something the consumer had considered.

The audit should include a review of in-process records and procedures for line 
start-up, changeover, and product holds for any circumstances that could indicate 
allergen risk. In addition, sanitation inspection and testing records should be exam-
ined to look for potential trends or problems.

7.3.9  �Consumer Contact and CAPA

Consumer contact systems should be designed to identify allergen issues. It is 
important that your consumer contact system is able to obtain information from 
contacts that allows for identification of the product. Identification information 
should include product lot number, where it was purchased, the customer’s allergy 
history, and whether there is product remaining.

Your HACCP team should have procedures to review, investigate, and follow up on 
allergen-related consumer contacts. Possible trends that could indicate a potential aller-
gen related issue such as potential allergic reactions or mixed/wrong foods should be 
monitored carefully. If a problem seems possible, investigate promptly and take steps 
(press releases, recalls, etc.) as necessary to prevent other customers from becoming ill. 
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A formalized approach including root cause analysis and corrective and preventative 
action (CAPA) should be in place to address any problems that are uncovered in these 
investigations. All investigations, analyses, and CAPA activities should be carefully 
documented and reviewed to verify that they were effective in addressing problems.

7.3.10  �Allergen Training

Allergen training should be instituted for most if not all employees working at a 
food manufacturing facility. The training should include information on general 
allergen awareness as well as job-specific allergen information.

Job-specific training should be tailored to the responsibilities of a particular 
employee. For example, it is important for everyone involved in manufacturing to 
understand that the amount of allergen that can cause an allergic reaction can be 
exceedingly low and that the consequences of accidental exposure enormously 
great. This knowledge will help them comply with and potentially add improve-
ments to the allergen management plan. Customer service representatives need to 
know the symptoms related to food allergy reactions in order to quickly spot trends 
that could indicate an allergen cross-contact problem in a product. Even visitors to 
the production floor may need some very brief allergen training to ensure they do 
not accidentally move into an allergen-free area after walking through a production 
area where an allergenic ingredient is being used.

Allergen training, as required for each employee, should be documented. 
Refresher training should be scheduled periodically. A matrix chart may be useful 
to track training requirements and designed frequency of training for each func-
tional area or job title.

Finally, in addition to formal training, job aids such as signs can be useful within 
the manufacturing facility to remind employees of specific things they need to do 
(or not do) to prevent allergen cross-contact while they are working. This type of 
signage not only reinforces what has been learned in training, but also helps demon-
strate to the employee the importance the company places on preventing allergen 
cross-contact. Training resources are available, include the USDA’s Countertop 
Food Safety Training Program (USDA 2017).

7.4  �Summary and Conclusions

A comprehensive allergen management program for a food manufacturing facility 
should use a hazard/risk assessment process to help identify possible sources of 
allergen cross-contact. The hazard assessment should carefully consider all 
sources of possible cross-contact, including those related to suppliers and raw 
ingredients, facility design, product design, allergen sanitation, and employee 
practices (including errors). Controls for each identified hazard are a key part of 
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the allergen management program. While dedication and separation of manufac-
turing facilities for allergen-containing foods are ideal, this is often not practical 
or possible. Operational controls and scheduling can reduce the probability that 
allergens will end up in products where they should not be.

Allergen sanitation needs to include a plan for allergen removal that has been 
shown to work (validated) and to include documentation (verification) demonstrat-
ing that the sanitation procedure is followed and is done correctly and completely. 
Visual inspection combined with allergen-specific equipment swabs and finished 
product testing provides a sensible and robust approach for validation testing.

Periodic and systematic review of all facets of the allergen management program 
will ensure effective allergen control. Changes occur frequently and rapidly within 
many food manufacturing environments, requiring the impact of such changes on 
allergen management to be reassessed regularly. Analysis of sanitation testing 
results and consumer contact records are examples of data that can be analyzed to 
inform and refine allergen management programs by early identification of trends 
that signal problems.
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Chapter 8
Allergen Cleaning: Best Practices

Lauren S. Jackson

8.1  �Introduction

Recent reports have shown an increased prevalence of food allergies, affecting 
nearly 15 million people in the U.S. (Boyce et al. 2010; Liu et al. 2010). Some indi-
viduals with food allergies can develop life-threatening allergic reactions if exposed 
to minute amounts of allergenic food, and more specifically, the proteins present in 
allergenic foods. Since there is no cure, strict avoidance of the offending allergen is 
the only management tool for consumers with food allergies. For this reason, con-
sumers with food allergies depend on accurate and truthful food labels to disclose 
the presence of allergenic ingredients in the foods they consume. The U.S. and other 
countries have enacted labeling laws for packaged food in an attempt to protect 
food-allergic consumers.

The Food Allergen Labeling and Consumer Protection Act (FALCPA) of 2004 
requires that manufacturers of all packaged foods sold in the U.S. list major food 
allergens (milk, egg, peanuts, tree nuts, wheat, soy, fish, and shellfish) when inten-
tionally added to a product as an ingredient (FDA 2016). In 2011, the FDA Food 
Safety Modernization Act (FSMA) enhanced the FDA’s authority to recall foods 
contaminated with allergens (FDA 2017). FSMA also mandated that FDA issue 
regulations to require that food facilities implement allergen controls, such as pre-
vention of allergen cross-contact, the unintended introduction of allergens into food. 
Cross-contact can occur through the transfer of allergens during processing, han-
dling and storage, such as when allergen-containing and non-allergen-containing 
foods or ingredients are produced in the same facility or processing line and aller-
gen controls are not properly implemented. Causes for cross-contact during manu-
facture include improper use of product rework, contamination of non-allergenic 
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foods with airborne dust and aerosols generated during production of allergenic 
foods, reuse of cooking or processing media such as frying oils, and inadequate 
cleaning of food-contact surfaces (Jackson et al. 2008).

Since the early 1990s, the food industry has devoted considerable resources to 
developing allergen control plans, with the goal of preventing unintended allergen 
contamination of food (Taylor and Hefle 2005). Despite these efforts and the 
enactment of FALCPA and other laws and regulations aimed at ensuring that the 
food industry improve allergen management during food production, undeclared 
allergens still remains one of the leading causes of food recalls in the U.S. (Gendel 
and Zhu 2013; Gendel et  al. 2014; USDA, 2016). Food categories that had the 
highest incidence of recalls include bakery products, confections/candies, dress-
ings, and dairy products (Gendel et al. 2014). An analysis of the root cause of some 
of the allergen recalls in the U.S. has revealed that the majority of recalls were due 
to labeling errors, such as placing the food in the wrong package or placing the 
wrong label on a package of food. In contrast, cross-contact was identified to be 
the cause of approximately 11% of the recalls for FDA-regulated products (Gendel 
and Zhu 2013). Although cross-contact is responsible for fewer recalls than label-
ing associated errors, it is possible that it occurs more often than the recall data 
might indicate since cross-contact is less likely to be detected than labeling errors. 
This is due to the fact that cross-contact contamination of foods is likely to be 
heterogeneously distributed in lots of a food product (Brown and Arrowsmith 
2015). It is also important to note that cross-contact is more likely to be responsi-
ble for the presence of undeclared allergens in some food categories than others 
since some foods (e.g., dark chocolate and milk chocolate) are produced on shared 
processing equipment that are not effectively cleaned to remove allergenic food 
residues (Bedford et al. 2017).

There have been a number of reports in the literature of consumer complaints 
stemming from consumption of foods contaminated with undeclared allergens, with 
cross-contact attributed as a likely cause of allergen contamination. Gern et  al. 
(1991) reported that a number of milk-allergic consumers had adverse reactions 
after consuming frozen desserts labeled as “nondairy” or “pareve.” Analytical test-
ing of the products uncovered that the products contained up to 2200 μg/g milk 
protein. Although the root cause of the problem was not reported, it is likely that the 
desserts became contaminated from processing equipment previously used to pro-
duce milk-containing products. Similar reports were published by Jones et  al. 
(1992), Laoprasert et al. (1998), Levin et al. (2005), Hefle and Lambrecht (2004), 
and Spanjersberg et al. (2010) on consumer complaints due to consumption of foods 
that were contaminated with undeclared allergens due to cross-contact.

Cleaning and sanitation are essential parts of an integrated food safety system 
that include regulatory compliance, quality standards, hazard analysis critical con-
trol points (HACCP), good manufacturing practices (GMPs) and pest control 
(Cramer 2006). In addition, an effective sanitation program is also critical part of an 
allergen control plan, particularly in facilities where food products containing aller-
genic ingredients are manufactured on common lines and shared equipment. 
Cleaning is only one of a number of practices and procedures for preventing allergen 
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cross-contact (see Chap. 7). However, if it is conducted properly, it can be one of the 
more effective tools for allergen control. The reader is directed to other publications 
that discuss the considerations that should be made when developing cleaning pro-
grams for the purpose of allergen control (Deibel et al. 1997; Jackson et al. 2008; 
FARRP, 2008; GMA, 2009; Bagshaw 2009; Brown 2009; FoodDrink Europe 2013). 
This chapter will discuss the factors that affect removal of allergens from food-
contact surfaces, the different approaches for removal of allergenic food soils from 
food-contact surfaces, best practices and procedures for verifying and validating 
cleaning treatments for allergen removal, and the steps associated with developing 
an allergen cleaning program.

8.2  �Allergen Cleaning: Basic Concepts

The primary function of cleaning is to remove contaminating soils, prevent biofilm 
buildup, and prepare food surfaces for sanitizing (Dunsmore et al. 1981; Cramer 
2006). Cleaning has traditionally been viewed as a key mechanism for establishing 
hygiene in a food plant as it used to remove soil and microorganisms and prevent the 
manufacture of food under unsanitary conditions. More recently, the importance of 
an effective cleaning program has been identified as one of the best ways to control 
allergen cross-contact in food production facilities with shared lines or equipment 
(Jackson et al. 2008). Since cleaning and sanitation are used for various purposes, it 
is important to understand the difference between cleaning from a microbiological 
standpoint and what is meant by “allergen clean.” The major objective for cleaning 
from a microbiological standpoint is to render food-contact surfaces free of soil so 
that they can be effectively sanitized to inactivate microorganisms that may be pres-
ent. In contrast, cleaning to the point where food-contact surfaces are “allergen 
clean” means that the allergenic food, and more specifically, the proteins present in 
allergenic food, are removed. This differentiation is important to point out since 
surfaces that are microbiologically clean may not necessarily be “allergen clean.” 
Even a small amount of allergen that transfers from an inadequately cleaned surface 
can result in an allergic reaction in a sensitive consumer. Furthermore, chemical 
sanitizers and heat which are effective at inactivating pathogens and spoilage micro-
organisms on equipment surfaces do not cause chemical changes to food allergens 
that make them safe (Bagshaw 2009; Verhoeckx et al. 2015). Therefore, the only 
way to clean a surface until it is “allergen clean” is to physically remove the aller-
genic food soil.

Cleaning from the perspective of removing allergens can be difficult for several 
reasons. Of the food constituents (proteins, fat, carbohydrate, minerals) that make 
up food soils, proteins (the constituent most commonly associated with food aller-
gens) are typically the most difficult to remove from food-contact surfaces during 
cleaning. Proteins in food, particularly when they have been heated and become 
denatured, tend to adhere to equipment surfaces (Schmidt 2015; Gabrić et al. 2016). 
Removing allergens from surfaces can also be difficult since some equipment in 
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food facilities was not designed to be cleaned, particularly from the point of being 
“allergen clean.” For example, cloth belting, tunnel ovens, and other equipment 
were not designed to be wet cleaned since they are either closed systems and/or 
water and detergents tend to corrode or cause wear to them. Furthermore, use of 
water to clean equipment used in the manufacture of low water activity foods such 
as chocolate, nut butters, spices, and other products is often not possible, as the pres-
ence of water introduces the risk of microbiological hazards, and reduces product 
quality. In these situations, surfaces of equipment are often purged with inert ingre-
dients (sugar, salt) or the next food product, or cleaned by other methods (vacuum-
ing, scraping, brush, use of dry steam, grit blasting, etc.), which may not be as 
effective at removing allergenic residue as use of water (wet cleaning).

8.3  �Factors Influencing the Effectiveness of Cleaning 
Procedures

There are many variables that must be considered when developing an effective 
allergen cleaning program (Table 8.1). These include the soil characteristics; the 
composition and type of food-contact surface; how the food was applied to the sur-
face; the type, design, and age of the equipment; and the type of cleaning method. 
The following subsections provide a more in-depth discussion of soil, equipment, 
and surface factors. A separate section (Sect. 8.4) provides an in-depth description 
of the cleaning methods used for removal of allergenic food residue.

8.3.1  �Soil Characteristics

Food soils found in the food processing environment can be categorized into four 
predominant types: carbohydrates, fats, minerals, or proteins (Schmidt 2015). 
However, food soils are often complex in that they contain more than one of these 
components. Descriptions of the major classes of food soils, their physical and 
chemical properties, and most common procedures for removing them are listed in 
Table 8.2.

Generally speaking, food residues that contain high amount of protein are the 
most difficult to remove from food-contact surfaces. If the food soil was exposed to 
excessive amounts of heat, the proteins present will denature and adhere to the sur-
face. Removal of protein soils is typically accomplished with alkaline detergents 
with and without the presence of oxidizing agents such as sodium hypochlorite or 
peroxide. The effectiveness of chlorinated alkaline detergents on protein removal is 
due to their ability to partially hydrolyze and solubilize proteins (Schmidt 2015). 
Surfactants can be added to these detergents to assist in solubilizing and dispersing 
soils. In situations where mineral deposits are present in addition to protein soils, 
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acidic detergents can be used. However, protein soils should be removed first using 
alkaline detergents since acid detergents may denature proteins and make them 
more difficult to remove (Schmidt 2015; Jackson et al. 2008).

In contrast to proteins, carbohydrate-based soils, which are composed of sugars 
and starch, are fairly water soluble and can be removed from surfaces with water or 
alkaline-based cleaners (Schmidt 2015). Sugars can caramelize in the presence of 
heat or react with amino acids to form Maillard products, which can be removed 
with hot water. Starches present in a high water environment may gelatinize during 
exposure to heat, making the soil less accessible to detergents (Gabrić et al. 2016).

Table 8.1  Variables influencing the effectiveness of allergen cleaning procedures

General variables Specific variables
Description of variables and their effects 
on allergen cleaning/removal

Soil characteristics Physical form (powder, 
paste, or liquid)

• � Pastes can be more difficult to remove 
than powders and liquids

Chemical composition 
(lipid-, protein-, 
carbohydrate-, or 
mineral-based)

• � Protein-based soils are generally the 
most difficult to remove, particularly if 
heat was applied to the soil

Concentration of allergen in 
food soil

• � Higher concentrations of allergen in 
the food soil will often necessitate a 
more intensive cleaning procedure

Age of soil • � The longer the soil is in contact with a 
food-contact surface, the more difficult 
it is to remove

Processing factors • � Application of heat to the food may 
result in denaturation of proteins, 
making them more difficult to remove 
from some surfaces

• � Length of processing run causes more 
soil to build up on equipment surfaces, 
requiring more extensive cleaning 
procedures

Food-contact 
surface

Composition (stainless steel, 
other metals, plastic, cloth, 
wood, or glass)

• � Cloth surfaces and some metal surfaces 
can be difficult to clean

Texture/finish (smooth, 
textured, or mesh)

• � Smooth surfaces are typically easier to 
clean than those that are rough, 
textured or have surface defects

Equipment factors Design of equipment • � Hygienic design of equipment 
improves cleanability

Age of equipment • � Surfaces of older equipment may be 
scratched, scored and have other 
surface defects that make cleaning 
more difficult

Cleaning method Wet cleaning, dry cleaning, 
or combination of wet and 
dry cleaning

• � Wet cleaning methods that involve the 
use of detergents tend to be more 
effective than dry cleaning methods for 
removing food soils
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Table 8.2  Characteristics of food soils and methods for removing them from food-contact 
surfaces

Food soil Examples Characteristics
Heat-induced 
reactions

Most effective 
cleaning compounds

Protein-based Milk 
protein, egg 
protein, soy 
protein

• � Can be soluble 
or insoluble in 
water

• � Heat 
denaturation 
may increase or 
decrease 
solubility in 
water

• � Heat 
denaturation 
makes some 
proteins “sticky” 
and difficult to 
remove from 
food-contact 
surfaces

Denaturation Alkaline or 
chlorinated alkaline 
cleaners

Carbohydrate-
based

Starch, 
sugar, corn 
syrup

• � Typically 
soluble in water

• � Component 
most easily 
removed during 
cleaning

Sugars—
caramelization or 
formation of 
Maillard products 
with amino acids
Starches—
interaction with 
other components

Alkaline cleaners

Fat-based Oils, fats • � Typically 
insoluble in 
water

• � Easier to remove 
when cleaning 
solution is 
heated to above 
the melting 
point of the fat

Polymerization Alkaline cleaners 
with and without 
surfactants/
emulsifiers such as 
phosphates

Mineral-based Milk stone, 
salt

• � Polyvalent salts 
are insoluble in 
water and 
alkaline-based 
cleaning 
solutions

• � Heat and 
hardness of 
water reduce 
solubility

Polyvalent 
salts—interaction 
with other 
constituents

Acid-based 
detergents or 
cleaning chemicals
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Foods that are oil-based may need to be flushed with oil to rinse surfaces before 
cleaning with water and detergents (Jackson et al. 2008). Fats present in food soils 
are typically in the form of emulsions, which can be prerinsed from surfaces with 
hot water above the melting point of the fat (Nikoleiski 2015; Schmidt 2015). More 
difficult fat and oil residues can be removed with alkaline detergents, which have 
good emulsifying or saponifying properties.

Cleaning to remove mineral soils depends on the chemical nature of the soil. 
Calcium and magnesium are often present in mineral films that are very difficult to 
remove, and in the presence of heat and alkaline pH, they can combine with bicar-
bonates to form highly insoluble complexes (Schmidt 2015). Other difficult-to-
remove mineral deposits contain iron or manganese. Water insoluble mineral films 
require an acid cleaner for removal, and sequestering agents such as phosphates or 
chelating agents are often added to hasten film removal.

The length of time that food residues remain on surfaces will result in chemical 
changes to the soil induced by exposure to heat, UV light, air, enzymes, and micro-
organisms; all of these changes impact soil removal (Wilson 2005; Gabrić et  al. 
2016). As the soil ages, it becomes more difficult for cleaning detergents to pene-
trate the soil. Furthermore, the risk of biofilm formation also increases with the 
length of time food soils remain on surfaces. Biofilms can be difficult to remove and 
usually require cleaners as well as sanitizers with strong oxidizing properties 
(Schmidt 2015).

The physical form of the allergenic food soil (solid, liquid, paste, or particulate) 
will also be an important aspect that should be considered when designing an aller-
gen cleaning procedure. For example, a different method may be needed for food 
pastes such as almond butter than defatted almond flour; food pastes tend to adhere 
to food-contact surfaces, making them difficult to remove. Although some dry food 
powders are relatively easy to remove, they can create problems since they are likely 
to disperse in the air and settle on pieces of equipment throughout the production 
area (Moerman and Mager 2016). Particulate food materials (i.e., whole nuts, nut 
fragments, fragments of cereal bars containing allergens, etc.) are a particular 
challenge from a cleaning standpoint since they can become trapped in some equip-
ment. This is of concern since these particulates may contain enough allergenic 
material to cause an allergic reaction in a food-allergic consumer if they become 
dislodged and contaminate the next food produced on the processing line (Brown 
and Arrowsmith 2015).

8.3.2  �Food-Contact Surface and Equipment Factors

Food processing operations that rely on wet cleaning procedures to ensure product 
quality and safety require that equipment used be of hygienic design (Nikoleiski 
2015). In contrast, requirements to control microbial and allergen hazards through 
wet cleaning are absent in low-moisture food operations. Consequently, the equip-
ment in these facilities is not usually designed for wet cleaning, and the hygienic 
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standards applied are lower than those for processors that use wet cleaning 
(Nikoleiski 2015). Excellent descriptions of hygienic design of equipment used in 
food processing facilities (i.e., heating equipment, air-blast freezing systems, 
pumps, valves, etc.) can be found in Lelieveld et al. (2016).

All equipment used in food production should be designed to permit easy and 
rapid access to the interior for cleaning and sanitation and should be self-draining to 
ensure that residues from food or cleaning operations can be discharged (Stone and 
Yeung 2010; Nikoleiski 2015). For equipment that needs to be disassembled before 
cleaning, dismantling should be made easy so that hidden areas of the equipment 
can be adequately accessed and cleaned. Older equipment  (i.e., built prior to 1960) 
was not designed with allergen cleaning in mind, so modifications should be made 
to enable visual inspection of surfaces for presence of food residue. Permanent 
joints, such as welds, are preferable to dismountable joints, and should be smooth, 
continuous, and free of overlaps (Nikoleiski 2015).

From a sanitary perspective, food-contact surfaces should be smooth, impervi-
ous, free of cracks and crevices, nonporous, nonabsorbent, noncontaminating, non-
reactive, corrosion resistant, durable and easy to clean (Dunsmore et  al. 1981; 
Schmidt et al. 2010). Stainless steel is the predominant material of choice for food 
processing equipment since it is smooth, durable, is corrosion resistant and can be 
easily cleaned (Schmidt et  al. 2010; Gabrić et  al. 2016). However, perforated or 
mesh stainless steel belting or welding points of stainless steel can harbor food soils 
and be more difficult to clean. Other types of surfaces present in food production 
facilities include plastics (PVC, polycarbonate, urethane, UHMW, vinyl), rubber, 
wood and cloth or fabric. Plastic surfaces typically are easily cleaned, particularly 
when they are new and in good condition. However after time they wear and become 
damaged, dramatically increasing the chance for cross-contact (Gabrić et al. 2016). 
Wood and cloth surfaces are to be avoided, since they are highly porous and difficult 
to clean. The finish and smoothness of the food-contact surface and the surface 
condition (e.g., pitted, cracked, or scratched) also can vary. In general, surfaces that 
are smooth and nonporous are more readily cleanable. Surfaces of older equipment 
tend to have more scratches, pitting, and other defects which tend to harbor food 
residue and prevent thorough cleaning.

8.4  �Cleaning Methods

The three major categories of cleaning procedures used to remove allergenic food 
soils include wet cleaning, dry cleaning, and product purging or push-through. The 
most powerful tool for removing allergens from food processing equipment is water 
since water-based detergent solutions tend to be very effective at dissolving and 
removing proteins from food-contact surfaces. In most cases, the ability to use 
water is a function of the water activity of the food being produced at that process 
point. For example, water is used to clean at process points where product is in the 
form of wet mixes, but is used less frequently for cleaning at points where the food 

L.S. Jackson



139

has low water activity (e.g., milk powder after spray drying, baked goods such as 
crackers or cookies after baking) (Jackson et al. 2008). Although traditional water-
based cleaning and sanitizing methods are very effective at reducing the presence of 
microorganisms in most processing environments, they are not recommended for 
use in the low-moisture food processing areas since introduction of water may be 
conducive for survival and growth of pathogenic microorganisms (Beuchat et al. 
2013). Facilities that process high-water-activity foods are designed to accommo-
date water, have drains to allow for drainage of water after cleaning, have equipment 
that can be disassembled, and electronics wired to withstand moisture. Floors and 
walls in wet facilities have smooth surfaces to prevent accumulation of allergens, 
prevent microbial growth, and allow for cleaning (Jackson et al. 2008).

8.4.1  �Wet Cleaning

Wet cleaning refers to the use of water alone, or in combination with detergents and 
other cleaning chemicals, to remove food soils (Schmidt 2015). The major types of 
detergents and cleaning chemicals include the following: alkaline detergents, alka-
line detergents containing oxidizing agents, acid detergents, enzyme-based clean-
ers, and sanitizers. Surfactants are typically added to detergents to assist in cleaning 
by wetting and then dispersing the soil in the cleaning solution (Schmidt 2015).

As mentioned previously, food soils vary in composition and manner in which 
they are applied to food-contact surfaces; thus, wet-cleaning protocols should be 
designed for each soil and piece of equipment. Chlorinated alkaline detergents are 
the most commonly used and effective detergent for removal of protein soils from 
food-contact surfaces. Other detergents can be used if they are first evaluated for 
effectiveness for soil removal. Disinfection/sanitization of food-contact surfaces is 
typically accomplished with a number of chemical sanitizers (chlorine-based, iodo-
phors, quaternary ammonium compounds, organic acids, anionic sanitizers, peroxy 
acid compounds). Descriptions of the classes of cleaning chemicals/solutions and 
their ability to remove protein soils are listed in Table 8.3. The key factors for effec-
tive wet cleaning include the length of time of the cleaning step or cycle, action or 
mechanical force, chemical composition and concentration, and temperature 
(TACT). A description of these factors and a summary of their effects on wet clean-
ing procedures are found in Table 8.4.

Wet-cleaning methods can be divided into four categories: clean-in-place (CIP), 
where equipment requires minimal or no disassembly and the cleaning and sanitiz-
ing solutions are recirculated throughout the line; clean-out-of-place (COP), where 
equipment can be disassembled and the loose parts are cleaned and sanitized in 
tanks; foam or gel cleaning, where the detergent in the form of gel or foam is sprayed 
on equipment surfaces; and manual cleaning (Bagshaw 2009). The choice of the wet 
cleaning method and frequency with which it is used will depend on the type of 
operation and the types of soils involved.
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Table 8.3  Types of cleaning chemicals/solutions and their effectiveness at removing protein soils

Type of cleaning 
solution Examples

Effectiveness 
at removing 
protein soils Comments

Alkaline + oxidizer Sodium hydroxide in 
combination with sodium 
hypochlorite or peroxide

Excellent These types of 
detergents can partially 
hydrolyze and 
solubilize proteins.

Alkaline Sodium hydroxide or 
potassium hydroxide

Fair to very 
good

Alkaline detergents are 
effective at cleaning 
fats and oils from 
food-contact surfaces. 
They are also fairly 
effective at cleaning 
some of the more water 
soluble proteins.

Acid Inorganic acids: 
phosphoric, nitric, 
sulfamic, sodium acid 
sulfate, and hydrochloric.
Organic acids: 
hydroxyacetic, citric, and 
gluconic

Poor Acid detergents may 
precipitate proteins on 
surfaces; they typically 
are used to remove 
mineral soils after first 
removing proteins with 
alkaline detergents

Enzyme-based Amylases and other 
carbohydrate-degrading 
enzymes, proteases, and 
lipases

Excellent for 
proteases

The length of time 
needed for enzymes to 
be effective limits the 
use of enzymes; contact 
time for removing 
protein deposits may 
take minutes to several 
hours.

Sanitizers Chlorine-based (e.g., 
sodium hypochlorite), 
iodophors, quaternary 
ammonium compounds, 
organic acids, anionic 
sanitizers, peroxy acid 
compounds

Poor–good Sanitizer solutions may 
be effective at 
removing loosely 
associated protein soils, 
but will not be effective 
at removing insoluble 
and precipitated protein 
soils.

Water – Poor–good Water may be effective 
at removing loosely 
associated protein soils, 
but will not be effective 
at removing insoluble 
and precipitated protein 
soils.
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The method of choice for cleaning large tanks, kettles, or piping systems which 
cannot be accessed for manual cleaning is CIP. The process involves circulation of 
detergent through equipment by use of a spray ball or spray nozzle to create turbu-
lence (Cramer 2006). The flow rate, concentration of cleaning chemicals, volume of 
cleaning fluids, and time are predetermined through validation studies. CIP 
procedures tend to be very effective once validated since they are fully automated 
and can be applied consistently (Jackson et al. 2008; Stone et al. 2009). Reuse of 
some of the cleaning solutions used in CIP, particularly the detergents and final rinse 
water, is a common practice (Bagshaw 2009; Valigra 2010). As reused detergents 
may have excessive buildup of proteins, their cleaning effectiveness may be com-
promised (Merin et al. 2002; Bagshaw 2009; Du et al. 2011). Similarly, allergenic 
food proteins present in the reused detergent may carry over to other equipment 
during cleaning.

COP procedures involve cleaning disassembled equipment parts in a COP tank, 
which contains the cleaning solution (detergent, sanitizer) (Cramer 2006; Bagshaw 
2009). COP tanks are designed to circulate cleaning solution and provide agitation 

Table 8.4  Factors influencing the effectiveness of wet cleaning procedures

Factor Considerations

Time • � Too little time results in not enough interaction with soil and 
thus, inadequate soil removal

• � Too much time can result in a cleaning solution to cool to a 
temperature where it is not effective at removing soil

• � Proper time exposure results in wetting of soil and removal 
from surfaces

Action • � Can include the use of manual force and automated cleaning 
systems

• � Loosens soils and disrupts biofilms
• � Most effective when all surfaces are impacted

Chemical (composition and 
concentration)

• � Improper choice of cleaning chemical may result in 
inadequate removal of soil

• � Concentration of chemicals should be checked with sufficient 
frequency to ensure that they are at desired strength

• � Use of cleaning solutions that are too dilute will result in 
inadequate removal of soil

• � Use of cleaning solutions that are too concentrated will waste 
money, may result in detergent deposition on surfaces, and 
may corrode equipment surfaces

• � Use of cleaning solutions at proper concentrations will result 
in removal of soils

Temperature • � Cleaning solution that is below optimal temperature may not 
dissolve the food soil

• � Use of cleaning solutions that are too hot may result in 
precipitation of the protein on the food-contact surface

• � Proper cleaning solution temperature [as indicated in the 
sanitation standard operating procedure (SSOP)] results in 
adequate dissolution and removal of soil

Adapted from PennState Extension (2017)

8  Allergen Cleaning: Best Practices



142

and temperature control during cleaning procedures. For COP procedures to be 
effective, it is essential that all parts are completely submerged to ensure adequate 
exposure to the cleaning chemicals. Similar to CIP, COP procedures can be auto-
mated and are very effective at removing food soils once they are validated (Cramer 
2006; Bagshaw 2009).

Foam cleaning is a common method for cleaning equipment and rooms (Bagshaw 
2009). Detergent foams or gels are used for cleaning of equipment, when contact 
time is important (Nikoleiski 2015). For these cleaning procedures, foams and gels 
of concentrated detergents are applied to equipment surfaces, and allowed to remain 
in contact with the soil and surfaces for a period of time that enables difficult-to-
clean soils to be solubilized. The surfaces are then rinsed with water to remove 
detergent and soil. Use of high pressure hoses to rinse equipment is discouraged 
since they can spread allergens throughout the facility. Advantages of foam cleaning 
over manual cleaning include (1) ability to apply detergent solution to large and less 
accessible areas, (2) longer contact time between detergent and soil, (3) reduction in 
the time and manpower needed for cleaning, (4) control of detergent used, and (5) 
safer application of potentially hazardous detergents (Bagshaw 2009).

Manual wet cleaning of equipment and surfaces is the most common method 
utilized by the food manufacturing industry due to its flexibility and ability to spot-
clean difficult-to-clean areas (Bagshaw 2009). It is accomplished by applying deter-
gent to the food-contact surface and manually scrubbing the surface with clothes, 
brushes, and scrapers to remove soils. As with other cleaning methods, the choice of 
cleaning chemical (type, concentration, and temperature) is critical to removal of 
soils. Brushes, scrapers, and other equipment used for manual cleaning should be 
dedicated, if possible, to minimize the risk of cross-contact. Smith and Holah (2016) 
wrote an in-depth review on the selection, use, and maintenance of equipment used 
in manual cleaning operations.

8.4.2  �Dry Cleaning

Dry cleaning, the removal of food soils without water or water-based cleaning 
chemicals, is used in food production facilities when the presence of water could 
compromise the quality and consistency of the product or create conditions that 
enhance microbial growth (Jackson et al. 2008; Stone et al. 2009; Stone and Yeung 
2010; Moerman and Mager 2016). Wet cleaning for equipment present in low mois-
ture areas of a facility may be used in occasion, but only when equipment can be 
disassembled, and the wet cleaning operations are performed in another location, 
where presence of water can be tolerated. Dry cleaning is also more widespread in 
older food production facilities that were not originally designed based on current 
hygienic design principles (Moerman and Mager 2016). Examples of product lines 
where dry cleaning procedures are used to control microbiological and allergen 
hazards include chocolate, baked goods, cereals, and powdered beverages. Methods 
that are used to remove food residue in dry facilities include brushing, scraping, 
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wiping, use of pigging systems (described below), dry steam cleaning, and use of 
vacuums (Stone and Yeung 2010; Nikoleiski 2015; Moerman and Mager 2016). Use 
of compressed air can be effective at dislodging particulate materials from hard to 
reach areas. However, the use of air hoses should be avoided because it may dis-
perse allergenic materials into the surrounding environment (Jackson et al. 2008; 
Bagshaw 2009).

Dry cleaning procedures vary in effectiveness depending on the type of food soil, 
type of equipment and food-contact surface, and specific cleaning method. Loosely 
attached materials and dry powders tend to be easier to remove than cooked on 
materials and food pastes (Jackson et al. 2008). High-fat foods and food pastes are 
notoriously difficult to remove solely with dry cleaning methods such as scraping 
and brushing. In these cases, dry cleaning is often combined with other methods 
such as wiping with moistened cloths (for accessible areas), product purging, and 
use of pigging systems.

Manual scrapers and brushes are frequently used in dry food manufacturing 
facilities since they can be used to spot-clean equipment and can be very effective 
at removing strongly adhered and loosely associated food soils, respectively. 
Brushes and scrapers should be dedicated for use with allergenic food residue and 
color coded to ensure that they are not used in allergen-free locations in the facility. 
If not used properly, brushes and scrapers can generate dusts of allergenic food soils 
which can recontaminate equipment (Moerman and Mager 2016). Since brushing 
and scraping only lifts soils from surfaces, vacuums are often used in combination 
with these manual cleaning techniques to remove the food residues. Single-use 
wipes prewetted with sanitizer or alcohol can be used to remove remaining food 
residue on equipment surfaces after brushing or scraping.

In facilities with piping and other transport lines, cleaning can be conducted with 
pigging systems. Pigs, devices made of food-grade materials such as silicone or 
natural rubber, are often used to push out dry food residues present in long expanses 
of piping (Moerman and Mager 2016). Pigs typically have a diameter that is slightly 
larger than the inner diameter of the piping. As a result, inner surfaces of piping are 
scraped as pigs are propelled through the system with compressed air or inert gas. 
Although pigging can be very useful for removing residual dry food powders from 
piping, the technique alone is typically not successful at controlling allergens since 
pigs may occasionally slip over the product and leave residue behind (Moerman and 
Mager 2016). Product or ingredient flushing or purging is often used after pigging 
to remove the remaining food residue.

Vacuuming is a very effective tool for removing dry food soils, dust, and dirt 
from floors, walls, and equipment. High-efficiency particulate air filtration vacuum 
systems (central and portable) with HEPA filters capable of removing particles of 
0.3 μm at 99.97% efficiency have been developed to remove and contain dust and 
debris during dry cleaning of food plant areas (Jackson et al. 2008). Vacuum sys-
tems are very effective at removing visible food particles, but they are not effective 
at in-depth cleaning or removing dried or baked-on soils unless food-contact sur-
faces are first scraped or brushed (Jackson and Al-Taher 2010; Moerman and Mager 
2016). Similar to other tools and equipment used in dry cleaning, vacuums should 
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be dedicated to one area and one type of application to prevent transfer of allergens 
to other locations in a shared facility.

Disposable (single-use) cloth or paper wipes saturated with water, alcohol or 
sanitizer solutions (i.e., quaternary ammonium compounds) have been used to clean 
food-contact surfaces in areas that have been first vacuumed to remove the bulk of 
the food soil. The advantage of these moistened wipes is that they localize water and 
minimize dust generation (Jackson et al. 2008). In laboratory studies, Jackson and 
Al-Taher (2010) found that alcohol-saturated, single-use cloths were very effective 
at removing a variety of allergenic food soils (nonfat dry milk; soy flour, soy-based 
infant formula, peanut flour, whole egg) when baked onto the surface of stainless 
steel, urethane, and Teflon coupons.

A current trend in the food industry is to develop and use chemical-free cleaning 
methods to reduce costs, protect workers and prevent chemical carryover (Powitz 
2014). One approach to chemical-free cleaning is use of “dry” steam to remove soils 
from and sanitize food-contact surfaces. Commercial dry steam-vacuum systems 
have been developed for automatic cleaning of flat conveyor belting. Dry steam is 
produced by a jet of superheated, vaporized water, which impinges on the surface of 
the belt and loosens food soils, while the vacuum manifold removes the debris and 
dries the surface of the belt (Moerman and Mager 2016). A limited study on the use 
of a dry steam-vacuum system found that its effectiveness depended on the nature 
of the food soil; dried egg soil was particularly difficult to clean from urethane-
faced belting using the dry steam-vacuum treatment (Al-Taher et al. 2011).

In summary, although many techniques are available for cleaning equipment in 
dry processing facilities, it is often difficult to dry clean sufficiently to the point 
where surfaces are “allergen clean.” Research is needed to evaluate current dry 
cleaning methods and identify conditions and techniques that could be used to ren-
der surfaces that are free of allergenic food residue. Research should also be directed 
at developing new nonaqueous detergents and other methods for allergen cleaning 
in the dry processing environment.

8.4.3  �Purging or Push-Through Cleaning

Product or ingredient purge or “push-through” cleaning is running the next solid, 
semisolid, or liquid product, or an ingredient through a line in an effort to remove 
the residue left from prior production (Stone and Yeung 2009). This cleaning proce-
dure is used most frequently when the product is a food paste containing a high fat 
content, for removal of caked-on food residue, and when surfaces that need to be 
cleaned are enclosed (e.g., pipes) and not accessible (Moerman and Mager 2016). 
Some examples of product lines that are purged using push-through cleaning include 
chocolate and nut butters. Ingredients that are often used to purge lines that cannot 
be cleaned with other more conventional methods include salt, sugar, granular 
starch, and flour. Oil flushes are occasionally employed to flush piping and other 
equipment that previously conveyed other foods of high fat content. Validation 
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studies are needed to define the conditions (volume or weight, flow rate, and tem-
perature of purge material) needed to remove allergenic soils during purging treat-
ments (Stone et  al. 2009). Reports by Taylor and Hefle (2005) and Zhang et  al. 
(2013) illustrate the difficulty in use of product push-through to remove highly vis-
cous, sticky foods from processing equipment. For these situations, dedicated 
equipment may be the only way to realistically reduce the risk of allergen cross-
contact (Stone et al. 2009).

Dry ice (solid CO2) pellets, soda (sodium bicarbonate) blasters, and grit blasting 
are techniques used for removal of baked-on residues and caked-on dust from food-
contact surfaces in low water environments (Moerman and Mager 2016). Blasting 
techniques are very effective for hard, nonelastic soils, but are less effective when 
food residues are soft and elastic. The advantage of these methods is that they can 
be used to clean and remove most soils without damaging delicate surfaces. 
However, blasting techniques can disperse soils and do not capture the soil removed 
from the surface (Jackson et al. 2008).

8.5  �Cleaning Validation and Verification

Cleaning validation, for the purpose of allergen removal, refers to the process of 
collecting and evaluating technical information or data to ensure that that a defined 
cleaning procedure is able to effectively and reproducibly remove the allergenic 
food from the specific food processing line or equipment, or reduce the amount of 
allergens to an acceptable level (Jackson et al. 2008; Stone et al. 2009; Cochrane 
and Skrypec 2014). Validation studies are useful in that they not only provide infor-
mation on the effectiveness of cleaning procedures, they also identify areas and 
pieces of equipment which are difficult to clean and which need other approaches 
for ensuring allergens are removed (Jackson et al. 2008).

Ideally, cleaning procedures should be developed and validated before commer-
cial manufacture of a product begins and any time changes are made to the 
manufacturing (longer processing run; change in ingredients; change in processing 
temperature; scheduling changes, etc.) or cleaning procedures (changing detergent 
type, concentration, temperature, etc.) which might influence cleaning efficacy 
(Jackson et al. 2008; Stone and Yeung 2009). Although identical products may be 
produced on different production lines, each line should be assessed independently 
if there are design differences which may impact cleanability (Nikoleiski 2015). As 
with most validation procedures, the best approach is to revalidate cleaning proce-
dures at least once per year or at another prescribed amount of time (Lopez and 
Morales 2015). Yearly reassessments are needed due to subtle changes in ingredi-
ents/product, processing conditions, and equipment design or setup that might influ-
ence the effectiveness of cleaning procedures. Revalidation may also be warranted 
when product labeling changes are made to the product and when there are technical 
advances in analytical methods used for validating cleaning procedures.
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Validation involves physical (visual) inspection of all accessible food-contact sur-
faces, as well as analyzing swab samples of equipment surfaces and samples of final 
rinse water during a CIP cleaning procedure, push-through or purge material, and/or 
the product produced after the changeover for the presence of allergenic food residue 
(Jackson et al. 2008; Stone et al. 2009; Brown 2009; Cochrane and Skrypec 2014).

Cleaning verification refers to the process of demonstrating that validated clean-
ing protocols are properly implemented and that the procedures are working as 
planned once the commercial manufacture of a product begins (Jackson et al. 2008; 
Stone and Yeung 2009). Verification, which can be accomplished at the conclusion 
of each change-over or at a predefined schedule, provides assurances that the line is 
“allergen clean.” Verification activities include many of the same practices and pro-
cedures (visual inspection, use analytical tests such as protein swabs, adenosine 
triphosphate swabs, allergen-specific lateral flow devices, etc.) used for validation 
(Jackson et al. 2008; Stone and Yeung 2009).

8.5.1  �Visual Inspections for Validation and Verification 
of Cleaning Procedures

Validation and verification of cleaning treatments typically begins with a visual 
inspection of equipment to ensure that all surfaces are visibly clean. Areas that 
should be inspected include those most difficult to clean, such as equipment sur-
faces where foods are heated and locations which may harbor allergenic food resi-
due (corners, o-rings or gaskets, and equipment that may have surface defects such 
as scratches or tears) (Jackson et al. 2008; Stone and Yeung 2009). Zones above the 
processing area, walls, and floors should also be inspected for presence of residual 
soils. Visual detection of food residue indicates failure of the cleaning procedure 
and that additional cleaning is needed. Although visual inspection is a valuable tool 
in establishing whether procedures are effective, this practice has limitations. It is 
often not possible to visually inspect all food-contact surfaces since some areas are 
not accessible. Inadequate lighting and the colors and textures of some surfaces 
make soils difficult to detect (Jackson et al. 2008).

8.5.2  �Obtaining Samples for Validation and Verification 
of Cleaning Procedures

Statistically based sampling plans should be developed for obtaining samples used 
to evaluate the effectiveness of cleaning procedures. The purpose of the sampling 
plan is to maximize the probability of detecting allergenic food if it is present on 
food-contact surfaces, in push-through material, and in the next product manufac-
tured on the production line (Brown and Arrowsmith 2015). Factors that need to be 
considered in developing a sampling plan include when, where and how the samples 
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are obtained, as all of these parameters can influence the results of a validation study 
(Brown and Arrowsmith 2015). Another factor that should be considered is the 
nature of the allergen (particulate, powder, paste, etc.). Outcomes of a poor sam-
pling plan are that allergens are not detected in samples and inadequate cleaning 
procedures are approved.

Swab samples should be taken from difficult-to-clean areas (seams, areas where 
there might be burn-on of food, valves, etc.) as well as other areas on each piece of 
equipment. If multiple lines are used, it is important to obtain swab samples from 
equipment in all lines. It is also critical to obtain swabs of equipment prior to clean-
ing to serve as positive control samples, and to ensure that swabs used to sample 
equipment surfaces are appropriate for use and that procedures are in place to pre-
vent contamination with allergens prior to and after sampling (Sheehan et al. 2012; 
Baumert and Taylor 2013; Baumert 2014).

Final rinse water obtained at the end of a CIP cleaning treatment can be sampled 
when there are no ways to access equipment surfaces, for example, in closed or pip-
ing systems (Brown 2009). However, testing rinse water for the presence of aller-
genic food residue may be difficult due to the presence of residual cleaning solutions 
(detergents, sanitizers) which can affect analytical results. Furthermore, allergens 
present in rinse water may be diluted to the point where they are present at concen-
trations below the detection limit of the analytical test (Brown 2009).

In dry systems, where lines are purged with the next product or inert materials 
(salt, sugar, etc.), a sampling plan is needed to determine where, when, and how 
much of each sample is obtained to ensure that allergenic residues are removed from 
the system. Samples of the push-through material should be obtained at multiple 
locations in the processing line (at different pieces of equipment) and after different 
volumes of material are used to purge the system. If multiple lines are used, it is 
important to obtain push-through samples for all processing lines. Obtaining sam-
ples of the first product produced on a manufacturing line after a changeover is 
essential for cleaning validation studies since any residue that remained in the line 
will likely be present in this product (Brown 2009). Samples should also be obtained 
in product produced in the middle and end of the processing run to ensure that they 
are free of allergenic food residue.

Research is needed to develop statistically valid sampling plans that could be used 
for obtaining swab, push-through, and final product samples for allergen testing. 
Having such sampling plans will be useful in ensuring that cleaning procedures are 
effective. This research is even more essential if a risk-based approach for labeling 
foods for allergens is to be considered in the future (Brown and Arrowsmith 2015).

8.5.3  �Analytical Methods Used for Validating and Verifying 
Cleaning Procedures

During validation studies, it is important to accompany visual inspections with ana-
lytical tests as a way to confirm that surfaces that are “visually clean” are actually 
“allergen clean.” Analytical methods that are available fall into two main categories: 
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nonspecific tests and specific tests. Nonspecific methods are those that do not 
actually target the allergenic food or allergenic proteins, but rather assess the pres-
ence of surrogate compounds. At present, the most frequently used nonspecific 
analyses are adenosine triphosphate (ATP) bioluminescence and total protein swabs 
or tests. ATP swabs, typically used as general hygiene indicators, are available from 
a number of vendors for detecting the presence of ATP from food/food residues and 
microorganisms remaining on equipment after cleaning/sanitization steps. With the 
use of a handheld luminometer, ATP swab results can be obtained on-site and in 
<1 min. In comparison to allergen-specific methods, ATP swabs are relatively inex-
pensive. Since ATP swabs do not actually detect the allergenic food or protein, the 
validity of this method for allergen cleaning validation is questionable. Jackson and 
Al-Taher (2010) found no correlation between ATP test results and allergen-specific 
LFD tests when used for determining the adequacy of dry cleaning methods. 
Therefore, the method is used mainly as a way to obtain a general gauge on the 
adequacy of cleaning procedures.

Similar to ATP tests, total protein swabs are used mainly as general hygiene 
indicators since they indicate the presence of protein on food-contact surfaces and 
in final rinse water from all possible sources: microbiological, food, dust, etc. 
Protein swabs are relatively inexpensive compared to the more specific methods 
(immunochemical, DNA-based, mass spectrometry), are fairly sensitive in that 
some swabs are designed to detect <10 μg of protein on surfaces or in solution, and 
have a turnaround time of <10 min. They also are useful when more specific immu-
nochemical assays are unable to detect allergenic proteins due to conformational 
changes that occur during thermal processing (Brown 2009). Jackson and Al-Taher 
(2009) compared allergen-specific (ELISA) and nonspecific (ATP, total protein) 
methods for detecting the presence of soy-based food residues in solution and on 
food-contact surfaces. They found that a total protein swab had the lowest detection 
limits for soy flour, soy milk and soy-based infant formula dried onto the surface of 
stainless steel coupons (80 °C, 1 h) compared to ATP and soy-specific ELISA meth-
ods. Although in this specific application total protein swabs were more sensitive 
than ELISA, this may not be the case for other allergenic food residues. Therefore, 
it is important to evaluate whether protein swabs as well as other analytical tests can 
detect each allergenic food prior to cleaning validation studies.

The most specific and most powerful analytical method for determining the pres-
ence of allergenic food on surfaces or in water or food samples are immunochemical 
assays that target either the allergenic proteins themselves or other protein(s) in the 
sample. Formats of immunochemical assays currently available for testing samples 
obtained during cleaning validations include enzyme-linked immunoassays 
(ELISA) and lateral flow devices (LFDs). ELISA kits and LFDs, which can be pur-
chased from a variety of manufacturers, can be used to detect most of the major 
allergens with the exception of some tree nuts and some fin fish species. Quantitative 
ELISA kits which can be used to quantify allergens in finished product, rinse water, 
and push-through materials have limits of detection in the low ppm (μg/g) range 
(Jackson et al. 2008). Although qualitative well ELISA assays are available for test-
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ing swab samples and rinse water, they have largely been replaced by the use of 
LFD tests. LFD tests are sensitive, relatively inexpensive, easy to use, and provide 
results in <5 min. The detection of allergens in the finished product or push-through 
materials by quantitative ELISA or swab and rinse water by LFD tests generally 
indicates failure in the design and execution of the cleaning procedures (Jackson 
et al. 2008).

Although ELISA and LFD tests are reliable tools for detecting allergens in foods 
and samples obtained in cleaning validations, they have limitations. Detection of 
allergens is achieved by binding of the target proteins in the sample with antibodies 
associated with the ELISA and LFD tests. Any changes in the structure or confor-
mation of proteins can dramatically reduce their solubility and ability to bind to 
these antibodies, thereby affecting test results (Jackson et al. 2009). Thermal pro-
cessing, fermentation, hydrolysis, changes in pH, and presence of strong oxidizing 
agents (present in chemical sanitizers and detergents) have all been shown to affect 
the ability to detect proteins with immunochemical methods (van Hengel 2007; 
Jackson et al. 2008; Fu et al. 2010; Taylor et al. 2009; Yeung 2009; Fu and Maks 
2013). High fat food matrices, presence of interfering compounds (i.e., polypheno-
lic compounds), and cross-reactivity with structurally similar proteins are other fac-
tors that influence test results. Furthermore, analytical targets differ between ELISA 
kits, and the lack of standard reference materials makes comparison of results 
obtained with differ kits difficult (Stone and Yeung 2009). One must be mindful of 
the limitations and evaluate the ELISA and LFD tests of choice for their ability to 
detect allergenic food residues before starting cleaning validation studies.

Most commercial immunochemical methods available for the detection of food 
allergens are analyte-specific in that only one allergen can be detected in an analy-
sis. As a result, several kits are needed when testing foods or food-contact surfaces 
for multiple allergens that may be present. To reduce the time and cost associated 
with use of multiple kits, multi-analyte immunochemical methods are being devel-
oped. Currently, one LFD is commercially available for the detection of multiple 
tree nuts in a single assay (Neogen 2017). A limitation of this assay is that it does 
not indicate which of the tree nuts is present when a positive response is registered. 
The multi-analyte profiling (xMAP®) technology, a commercial multiplex test kit 
based on the use of established antibodies, was recently developed for the simulta-
neous detection of up to 14 different food allergens and gluten (Cho et al. 2015). 
The assay simultaneously detects crustacean seafood, egg, gluten, milk, peanut, soy, 
and nine tree nuts (almond, Brazil nut, cashew, coconut, hazelnut, macadamia, pine 
nut, pistachio, and walnut) (Cho et al. 2015). Further work is needed to validate this 
system and determine its applicability in detecting allergens on swab samples and 
other samples used in validation of cleaning procedures.

Polymerase chain reaction (PCR) kits are occasionally used to assist in validat-
ing cleaning methods, particularly when ELISA kits are not available for a particu-
lar allergenic food (some tree nuts; fin fish) (Holzhauser and Röder 2015). PCR 
methods are specific in that they detect the presence of DNA from the allergenic 
food, and they can be multiplexed so that multiple allergenic foods can be detected 
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in one assay. These assays have several advantages over immunochemical methods 
such as ELISA in that DNA has greater stability than proteins during food processing 
and matrix effects have less of an impact on PCR methods (Baumert 2014). 
However, a major drawback of PCR is that absence of DNA does not indicate 
whether surfaces are “allergen clean” with respect to the presence of allergenic 
proteins (Brown 2009).

A relatively new technology for detecting allergens is mass spectrometry (MS), 
a method that can identify proteins and peptides with a high level of accuracy and 
sensitivity. Unlike other methods, MS directly detects allergenic proteins and 
through its inherent high resolving power, can differentiate between closely related 
proteins and peptides. Unlike immunochemical methods such as ELISA, conforma-
tional changes that occur in proteins due to thermal processing are not likely to 
affect detection using MS. MS methods are inherently multiplexed since they can be 
used to detect multiple allergens in a single analysis (Monaci and Visconti 2009). 
Although there have been numerous publications on the development of MS meth-
ods for detecting allergens in food (Chassaigne et  al. 2007; Monaci et  al. 2014; 
Parker et al. 2015), the use of MS is limited at this time due to the high cost of MS 
instruments, the length of time needed to prepare samples for analysis, the high 
level of expertise needed to perform an analysis, and the difficulty in using the 
method to quantify allergens in food. It is anticipated that MS methods may be used 
to assist in allergen cleaning validation studies when some of these obstacles are 
overcome.

8.6  �Development of an Allergen Cleaning Program

Once the steps of the cleaning process and validation and verification procedures 
are identified and optimized, the entire process should be fully documented and 
incorporated into an allergen cleaning program (Jackson et  al. 2008; Stone and 
Yeung 2009). This program consists of three parts: sanitation standard operating 
procedures (SSOPs), validation procedures, and verification procedures. The 
SSOPs should be as detailed as possible and should include (1) a description of the 
range of application for the SSOPs, equipment, and products, (2) identification of 
who is responsible for performing the cleaning operations, (3) a detailed descrip-
tion of the cleaning procedure(s), and (4) records kept for each cleaning procedure. 
The validation/verification procedures should (1) define the intention and scope of 
validation/verification, (2) describe the analytical procedures to be used for valida-
tion and verification, (3) define the sampling procedures and the reasons for using 
them, (4) define the final acceptance criteria for cleaning validation/verification, 
(5) describe corrective actions when the cleaning procedures do not meet the 
acceptance criteria, and (6) describe records kept for validation/verification proce-
dures. The overall cleaning program should be evaluated periodically to reassess its 
effectiveness.

L.S. Jackson
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8.7  �Summary and Conclusions

To ensure that foods are safe for food-allergic consumers, controls must be in place 
to prevent allergen cross-contact during storage, transport, and production of food. 
Although cleaning is one of many allergen control strategies, it is one of the more 
powerful ones at preventing cross-contact if cleaning procedures are properly per-
formed. Development and implementation of effective cleaning procedures requires 
one to understand the many factors that affect removal of allergenic food residues 
from the food production environment. Although wet cleaning methods tend to be 
effective at removing allergens from food-contact surfaces, all procedures must be 
thoroughly evaluated to ensure that they can achieve the desired effect. In contrast, 
allergen cleaning in dry food environments can be challenging since allergenic food 
soils are difficult to remove in the absence of water and detergents. Research is 
needed to develop new approaches for cleaning in a dry foods environment that 
remove allergenic food residue yet do not introduce microbiological hazards. 
Although there are a number of analytical tools currently available for detecting 
allergens in food and on food-contact surfaces, research is needed to develop sensi-
tive, inexpensive, and rapid multiple-allergen detection methods that could be used 
for validating and verifying allergen cleaning procedures.
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Chapter 9
Survey: Food Allergen Awareness 
in the Restaurant and Foodservice Industry

David Crownover

9.1  �Food Allergies in the United States

According to Food Allergy Research and Education (FARE), researchers estimate 
that approximately 15 million individuals in the U.S. suffer from food allergies 
(FARE 2016). According to a report from the CDC, these numbers continue to 
grow, and the number of children in the U.S. that have been diagnosed with a food 
allergy increased from 3.4% in 1997–1999 to 5.1% in 2009–2011, a 50% increase 
(Jackson et al. 2013). These numbers mean that potentially 1 in 13 children has a 
food allergy.

Individuals that have food allergies must take precautions to avoid foods contain-
ing allergens to which they are sensitive. This strict avoidance might be manageable 
when they are preparing food for themselves, or if a loved one is preparing the food, 
such as a mother preparing food for a child. However, when these individuals are 
away from home, this avoidance becomes much more difficult, as they must rely on 
others to take the same precautions they do in order to ensure the food is safe for 
them to consume. Dining at restaurants, therefore, poses a significant challenge for 
those with food allergies, and anyone accompanying them. For instance, if the per-
son with the food allergy has a reaction, their friend, a family member or colleague 
that dines with them will be impacted by having to respond to the situation.

In an attempt to help consumers make informed choices about food items that they 
purchase, the Food Allergen Labeling and Consumer Protection Act (FALCPA) was 
passed into law in 2004. The main goal of this legislation was to address labeling on 
packaged goods for the 8 major allergens in common terminology (also known as 
“The Big 8”—peanuts, tree nuts, dairy, eggs, soy, crustacean shellfish, fish, and wheat) 

D. Crownover (*) 
ServSafe®, National Restaurant Association, Washington, DC, USA 

Microbac Laboratories, Pittsburgh, PA 15229-2132, USA
e-mail: david.crownover@microbac.com

mailto:david.crownover@microbac.com


156

to help allergic consumers adhere to an avoidance diet. This labeling requirement 
excludes foods prepared by the restaurant and foodservice industry. However there are 
some states that have enacted legislation to require food allergen awareness training 
of foodservice staff (see Chap. 3) so that they understand how to communicate with an 
allergic consumer and can accommodate the consumer’s needs.

9.2  �The Restaurant and Foodservice Industry

The restaurant and foodservice industry in the U.S. is estimated to have had sales of 
$709 billion in 2015, which is up from $683 billion in 2014, and has experienced an 
estimated 3–5% growth annually for the last 5 years. It is one of the largest private 
sector employers, with the industry having almost 14 million employees in 2015, 
which is up from 12.2 million in 2005. There are over one million restaurants in the 
U.S. (NRA 2015).

It is estimated that 150 million people go out to eat on a weekly basis in the 
U.S. According to the National Restaurant Association, the restaurant and foodser-
vice industry garners 47% of the food dollar in the average American household. 
This statistic is up from only 25% in 1955 (NRA 2015). All of this growth means 
that more people are dining out than ever before. This growth combined with the 
continued increase in the number of allergic consumers suggests that more food 
allergic consumers may develop allergic reactions while dining in restaurants, 
which is a significant public health concern.

9.3  �Restaurant and Foodservice Industry Survey

Because of the increase in allergic consumers and the continued increase in the 
number of Americans going out to eat, the National Restaurant Association deemed 
it necessary to review the state of allergen awareness in the food service industry. 
The results of the review are being used by the National Restaurant Association to 
develop ways for the food service industry to address this growing trend.

In 2012, the National Restaurant Association contracted a survey that evaluated 
food allergen awareness and training policies in the restaurant and foodservice 
industry with Product Evaluations Incorporated (PEI). PEI interviewed managers 
and owners at 225 restaurants via phone. These restaurants were identified by the 
National Restaurant News (NRN) as being below the Top 400 restaurant companies 
in the U.S. and comprised mostly independent owner-operated establishments and 
small regional chain companies. Those who were interviewed were screened to 
ensure that they were the purchase decision maker at the unit and were in charge of 
training staff members on food safety topics. PEI stated that traditionally it is diffi-
cult to maintain the interviewee on the phone for more than 15 min, but during this 
survey, PEI had difficulty keeping the calls shorter than 17  min. This finding 
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demonstrated that there might be a passion for the topic and recognition of its 
importance among the respondents.

In summary, the survey noted that most of respondents from the 225 restaurants 
surveyed were able to recognize most of the Big 8 allergens and indicated that food 
allergies were of importance to the restaurant and foodservice industry as a whole. 
But there was a gap when applying that knowledge to their own operation, both in 
application and in training staff in food allergy awareness and food allergen control 
best practices. Here we outline several of the key questions asked in the survey and 
review the respondents’ answers.

Figure 9.1 shows the general awareness and knowledge of the Big 8 allergens in 
those interviewed through the question, “Which of the following food allergens are 
you aware of?” There was a strong knowledge of peanuts, milk, and even wheat, but 
the knowledge decreased, with only 62% and 60% of the respondents being able to 
identify soy and tree nuts, respectively, as allergens. These figures are similar to 
those reported by Lee and Xu (2015) in their study on food allergy knowledge 
among restaurant managerial staff. For instance, they reported that peanuts were 
correctly identified 93.6% of the time among the survey participants, while soy was 
only identified correctly 51.8% of the time.

The second question in the survey was, “Which of the following food allergens 
are important to foodservice in general? Which are important to you/your opera-
tion?” Figure 9.2 shows that there were some significant differences in the impor-
tance of the allergen to the restaurant and foodservice industry as a whole vs. the 
relative importance of the allergen to their specific operation. It could be interpreted 
that many of those indicating that the particular allergens are not important may 
simply not have recognized that the allergens are being used in their operation. 
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However, when looking at the small gap for the wheat/gluten question, we believe 
that it might actually be a result of the financial importance the individual respon-
dent placed on gluten due to the growing consumer demands for “gluten free” food.

Gluten, while not a true allergen, is a cause of concern for individuals with 
celiac disease. There is also a consumer movement to avoid gluten consumption 
as a lifestyle choice. Because of this, many restaurants have begun to provide 
“gluten free” offerings. The increase in labeling products and menu items as “glu-
ten free” in the market place appears to have led to this smaller gap based on 
financial and marketing opportunities and not necessarily as recognition of the 
need to control allergens for food safety reasons. Therefore, we believe that there 
truly is a gap in awareness and the relative importance that the foodservice opera-
tion places on any given allergen.

When asked how important/critical allergens are to the industry, 87% of respon-
dents believed that allergens are very/extremely important to the industry. When 
asked whether the industry focus on allergens has increased over the past 2 years 
and will increase over the coming 2 years, 78% and 85%, of the respondents, respec-
tively, answered yes to these questions. It is clear that restaurants expect a continued 
focus on food allergens and understand that this trend is not going away any time 
soon. Lee and Xu (2015) confirmed this in their study where 73.6 % of 110 restau-
rants surveyed agreed that food allergies have become more prevalent, and 71.6% 
stated that food allergies are a major concern in the restaurant industry.

Yet when asked, “Do you (or your organization) currently train staff on food 
allergens,” only 57% responded “yes” to this question. This result is similar to those 
observed in the study by Duipuis et al. (2016), which found that of 187 restaurants 
in Philadelphia, only 52.2% of locations were providing training on food allergen 
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management. Lee and Xu (2015) also demonstrated in their study that those who 
received food allergen management training had significantly greater knowledge 
scores (20.2  ±  4.2) about food allergies than those who did not receive training 
(17.9 ± 5.8, p < 0.05). Restaurants having employees with a higher knowledge base 
can drastically reduce the risk of an error in serving a food allergic customer a prod-
uct that contains a food allergen.

When probing further with those operations that answered “no” as to whether 
they train their staff on food allergens, the reasons outlined in Table 9.1 below were 
given.

While it has been demonstrated that food allergens are important to the industry 
(87% agree), there appears to be a discrepancy in the recognition for need of train-
ing (only 57% train their employees) and awareness on food allergen management 
in the industry. Even of those survey participants who stated that they are training 
(57%), the application of the training lacks formality, with only 30% providing 
“regular” training without defining how frequent that training occurs. The training 
material is sourced from a wide variety of sources and materials (Table 9.2). It is of 
concern that for the informal training materials, 40% of the respondents are relying 
on word-of-mouth stories and 31% on news stories. These two sources may com-
municate the importance of food allergy awareness but do not provide the structured 
direction on how to build a food allergen management system.

The final question of the survey was “How do you let your customers know about 
any allergens in your operations.” As shown in Fig. 9.3, an impressive 76% of all 
individuals surveyed stated that if asked, they tell their customers about the aller-
gens that may be present in the foods they are served. But as identified above, only 
57% state that they are training their staff on food allergens. So the question can be 
asked: Are 19% of restaurants attempting to accommodate individuals with food 
allergies without properly training their staff on how to do so safely? While there is 
no requirement to declare food allergens or allergenic ingredients on a restaurant 
menu, it is concerning that some (1%) of the survey participants think that their 
facility does not serve any foods with allergens (Fig. 9.3). It is true that every res-
taurant might not have every allergen, but it is safe to say that every restaurant likely 
has at least one of the Big 8 allergens in their operations.

Based on this survey, it is clear that there is a gap between overall awareness of 
food allergens among restaurant operations and the relative importance that is 
placed on control measures. When this is combined with the low number of compa-
nies that responded positively for training (57%) and the potential companies that 
might be improperly accommodating food allergic consumers without training, it 
demonstrates that the industry needed assistance and guidance in training to protect 
public health.
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Fig. 9.3  How do you let your customers know about any allergens in your operations? (n = 225)

Table 9.1  The reasons for not providing training

Reason % Answered

I cover the basics/don’t think additional training is 
needed

26%

No reason/never really thought about it 24%
Don’t have any training programs/information to use 23%
Don’t serve allergen foods/not applicable to us 9%
Don’t have the budget for it/costs too much 2%
Don’t have time for this additional training 1%

Open ended response to the question “Why don’t you conduct training?” (n = 96 participants not 
offering training)

Table 9.2  What information or materials do you use to train staff about food allergens? (n = 129)

Formal training materials Created by me/my organization 54%
Sourced from outside the organization 30%

Informal training materials Health Department 49%
Internet/online resources 49%
Word of mouth/experience-based stories 40%
News stories 31%
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9.4  �Development of Training Program for Food Service Staff 
(ServSafe® Allergens Online Course)

After the survey was conducted, the National Restaurant Association identified that 
there was a need for a training program for the restaurant and food service industry that 
focused solely on food allergen awareness and basic food allergen management. The 
ServSafe® Allergens Online course introduces the student to the basics of food allergies 
and food allergen management, including the definition of food allergies, recognizing 
symptoms of food allergies, the dangers of cross-contact, and proper cleaning methods. 
The course then takes the student through common front-of-house (FOH) and back-of-
house (BOH) steps to help minimize and reduce cross-contact. It also instructs the stu-
dent on communication with the customer and with staff working in other areas of the 
restaurant, and finally how to deal with an emergency should it occur.

The course has been designed for any employee within a restaurant, including 
managers, owners, and line staff. It is meant to introduce the students to food 
allergies and raise their awareness, not as a final step in developing a food allergen 
management system. As of the writing of this chapter, the course has been identi-
fied as an approved training source to meet regulatory requirements in Michigan 
and Rhode Island.

9.5  �Financial Impact of Accommodating the Allergic 
Consumer

Anecdotally, several restaurant companies have expressed discomfort when address-
ing whether they should accommodate someone that has a food allergy in their 
restaurants. Some are worried that if they accommodate for one type of food allergy, 
then they have to accommodate all of them. Others are worried that it is too difficult 
to implement a food allergen management system in their operation. Finally, restau-
rants worry that it is not worth the time and effort to implement a system that will 
address all of the issues.

In reality, most of these fears are unfounded. Accommodation for one food 
allergy does not mean that a restaurant has to accommodate all types of food aller-
gies. It is likely not feasible for them to do so based on operational or logistical limi-
tations. Similarly, accommodation does not require a herculean effort or significant 
capital investment. Many of the steps taken to minimize food safety risks are appli-
cable for minimizing food allergen cross-contact: maintaining good personal 
hygiene, reducing the potential for cross-contact (similar to cross-contamination), 
and using effective cleaning and sanitizing procedures.

While there have yet to be any empirical studies that directly address the fiscal 
impact of implementing a food allergen management program to accommodate 
allergic consumers, there has been discussion as to the theoretical fiscal impact. For 
instance, a weekly revenue of $225 million could potentially be generated by U.S. 
restaurants based on the scenario outlined in Table 9.3.
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The restaurant and foodservice industry is not alone in the true market potential 
as it relates to accommodating for the food allergic consumer. The global market for 
food developed for those with food allergies and intolerances is expected to grow by 
more than $26.5 billion over the next 5 years. (GIA 2016) These numbers only take 
into account the potential gross revenue for the food and foodservice industries.

Some have suggested that there is also a potential increase in bottom line dollars 
when accommodating the food allergic consumer. It is possible for a restaurant to 
see as much as a 15% increase in profits each year through food allergy accommo-
dation (Jones-Mueler 2011). This is primarily due to the allergic consumer bringing 
friends or family with them to the restaurant and the distribution of existing over-
head to the table. In other words, the more people who are dining at one table, the 
more profitable that table becomes.

9.6  �Challenges to Implementing a Food Allergen 
Management System and Potential Solutions

A food allergen management system is a set of policies and procedures that a res-
taurant implements to control and minimize food allergen cross-contact and to 
clearly and accurately discloses the presence of food allergens. This system is not 
insurmountable for any restaurant to implement. Yet there are considerations that 
should be taken into account.

The first and foremost issue, which was outlined in the National Restaurant 
Association survey, is awareness. While the prevalence of food allergies and general 
social awareness of food allergies have increased over the past decade, food allergen 
awareness within the restaurant and foodservice industry has lagged. Restaurants 
either do not know what they need to do or do not know how to do it. Training on food 
allergen management can be the first and most important remedy to this challenge.

Unfortunately, the second challenge to implementation directly impacts the solu-
tion to the first. Employee turnover in the restaurant and foodservice industry is 
historically higher than the rest of the private sector. The turnover rate can change 
depending on the state of the economy. For instance, the entire private sector and 

Table 9.3  Theoretical revenue in the U.S. when accommodating allergic consumers

Est. 15 million individuals with a food allergy
X Theorize 10% can be accommodated (e.g., only a single food allergy like peanuts)
=1.5 million food allergic individuals wanting to dine out
Estimate average family size in the U.S. as ~3 individuals
=4.5 million people (family included) wanting to dine out
Average check is $50
=Potential revenue of $225,000,000 each week
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restaurant and foodservice industry turnover rates in 2006 were 50.0% and 82.2%, 
respectively, while those numbers were 42.2% and 62.2%, respectively, in 2013 
(NRA 2015). High employee turnover makes continual training difficult. However, 
the issue may be resolved if key, stable employees are trained and identified as 
“allergen experts.” These “experts” are the go-to people in the restaurant that under-
stand the restaurant’s accommodation capabilities and can communicate to the cus-
tomer as to whether they can be accommodated. They also are essential in ensuring 
that all the proper allergen management procedures are followed so that safe meals 
are prepared for the food-allergic customer.

For some full-service and fine-dining restaurants, accurately disclosing allergen 
information in menus can be a challenge. The menu may not only change weekly, but 
may change significantly within a day, such as having a salmon special at lunch time 
and a breaded chicken special for dinner. This also presents an additional challenge 
through the potential for cross-contact of the salmon to the chicken if they were pre-
pared on the same food preparation surfaces. Controlling them is not difficult with a 
proper food allergen management system in place. Such a system would require 
either completely separate preparation surfaces (e.g., a fish-only cutting board), or if 
that is not possible, a thorough cleaning of the work surface after contact with the 
salmon and before the chicken comes into contact with the surface.

Finally, space can be a significant challenge to implementing food allergen con-
trol measures in restaurants. While food processing facilities might have hundreds 
and thousands of square feet to use, possibly with completely separate allergen-
containing and non-allergen-containing production lines, restaurants are limited by 
the space they have in the kitchen. Sometimes food preparation space can be as little 
as six linear feet or possibly less. Yet again a proper food allergen management 
system can help mitigate this by providing an understanding of how to separate and 
segregate tasks and cleaning the work space properly.

9.7  �Accommodation Considerations

Several states have enacted legislation on allergen awareness training. Massachusetts 
was the first to enact allergen awareness training with the signing of the Food 
Allergy Awareness Act in 2009 (The Commonwealth of Massachusetts 2009). The 
primary goal of this legislation was to require food allergen awareness training of at 
least one person-in-charge at each restaurant. Rhode Island followed with the Food 
Allergy Awareness in Food-Service Establishments Law enacted on June 22, 2012 
(Rhode Island General Assembly 2012). This new law also requires awareness 
training in each restaurant. Michigan and Virginia are other states that have also 
recently enacted similar legislation. These states’ legislative initiatives are also dis-
cussed in Chap. 3 of this book.
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It must be said that accommodation should remain a voluntary option for 
restaurants to consider based on their business model. A restaurant that special-
izes in ice cream should not be made to accommodate someone with a milk 
allergy. It simply may not be feasible for this operation to create a dairy-free 
product. However, if a restaurant were to voluntarily identify food allergens that 
they believe they can control, they have then purposefully taken on the task of 
accommodation and will likely devote more energy and passion to the food 
allergen management system they should have in place. This will then be evi-
dent when the restaurant employee communicates to the customer. Allergic con-
sumers look for a restaurant employee’s confident communication as one of the 
first signs that a restaurant knows or understands how to accommodate a food 
allergic consumer.

The core of the restaurant and foodservice industry is hospitality. The Oxford 
Dictionary defines hospitality as “the friendly and generous reception and enter-
tainment of guests, visitors, or strangers.” Many restaurants are in operation for 
the simple reasons that they want to share their talent and give food, comfort, and 
entertainment to their customers. While eating is a necessary action to sustain life, 
it has also become a social ritual that is done throughout the day. Individuals with 
a food allergy are essentially excluded from that ritual because of the very nature 
of their disease. They must strictly avoid situations where they might potentially 
ingest a deadly allergen. By identifying the proper steps necessary to safely 
accommodate food allergic guests, restaurants have an opportunity to reintroduce 
an underserved and excluded customer base back into this ritual with their friends, 
families, and colleagues.

References

Duipuis, R., Z.  Meisel, D.  Grande, E.  Strupp, S.  Kounaves, A.  Graves, R.  Frasso, and 
C.C. Cannuscio. 2016. Food allergy management among restaurant workers in a large U.S. 
city. Food Control. 63: 147–157.

FARE (Food Allergy Research and Education). 2016. Food allergy facts and statistics for the 
U.S. Available at: http://www.foodallergy.org/file/facts-stats.pdf. Accessed 27 July 2016.

GIA (Global Industry Analysts). 2016. Food allergy and intolerance products - A global strate-
gic business report. Global Industry Analysts. Available at: http://www.strategyr.com/Food_
Allergy_and_Intolerance_Products_Market_Report.asp#RCC. Accessed 13 March 2016.

Jackson, K.D., L.D. Howie, and L.J. Akinbami. 2013. Trends in allergic conditions among chil-
dren: United States, 1997–2011. National Center for Health Statistics Data Brief 121.

Jones-Mueler, A. 2011. Interview with Paul Antico, Founder of AllergyEats.com. Available at: 
http://www.restaurantnutrition.com/Insights/Paul-Antico,-Founder-of-AllergyEats-com.aspx. 
Accessed 13 March 2016.

NRA (National Restaurant Association). 2015. Restaurant industry forecast. Washington, DC: 
National Restaurant Association.

D. Crownover

http://www.foodallergy.org/file/facts-stats.pdf
http://www.strategyr.com/Food_Allergy_and_Intolerance_Products_Market_Report.asp#RCC
http://www.strategyr.com/Food_Allergy_and_Intolerance_Products_Market_Report.asp#RCC
http://www.restaurantnutrition.com/Insights/Paul-Antico,-Founder-of-AllergyEats-com.aspx


165

Rhode Island General Assembly. 2012. Food allergy awareness in food-service establishment. 
Available at: http://webserver.rilin.state.ri.us/PublicLaws/law12/law12414.htm. Accessed 28 
July 2016.

The Commonwealth of Massachusetts. 2009. General laws. Available at: https://malegislature.gov/
Laws/GeneralLaws/PartI/TitleXX/Chapter140/Section6B. Accessed 28 July 2016.

Lee, Y.M., and H. Xu. 2015. Food allergy knowledge, attitudes, and preparedness among restau-
rant managerial staff. Journal of Foodservice Business Research. 18: 454–469.

9  Survey: Food Allergen Awareness in the Restaurant and Foodservice Industry

http://webserver.rilin.state.ri.us/PublicLaws/law12/law12414.htm
https://malegislature.gov/Laws/GeneralLaws/PartI/TitleXX/Chapter140/Section6B
https://malegislature.gov/Laws/GeneralLaws/PartI/TitleXX/Chapter140/Section6B


167© Springer International Publishing AG 2018 
T.-J. Fu et al. (eds.), Food Allergens, Food Microbiology and Food Safety, 
DOI 10.1007/978-3-319-66586-3_10

Chapter 10
Allergen Management in Food Service

Miriam Eisenberg and Nicole Delaney

10.1  �Introduction

According to the National Restaurant Association 2016 Pocket Fact Book (NRA 
2016), nine out of ten consumers enjoy going to restaurants. Half of consumers say 
restaurants are an essential part of their lifestyle. Seven in ten consumers say their 
favorite restaurant foods provide flavors that are not easily duplicated at home. 
Eight in ten consumers say dining out with family and friends is a better use of their 
leisure time than cooking and cleaning up.

It is likely that a proportion of those restaurant patrons surveyed have allergies. 
Approximately 4% of adults and 8% of children in the U.S., totaling about 15 mil-
lion people, have food allergies (FARE 2016a). This allergic population can repre-
sent a significant portion of the annual restaurant revenue estimated to be over $700 
billion in the U.S. (NRA 2016).

People with allergies or who have family members with food allergies seek res-
taurants and other food service venues that can safely, cordially, and confidently 
meet their dietary needs while still serving tasty foods of good quality. These people 
will bring their families and friends with them to locations that meet these needs and 
become loyal customers. They will sing the praises for the kitchens that produce a 
positive dining experience while they may also send out negative comments by 
word-of-mouth and social media when they feel ill-treated or have had a negative 
experience. Treating allergic guests well will make efforts worthwhile.

A solid Food Allergen Management Program for a restaurant or for a restaurant 
chain is good business and should contain:
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	1.	 Knowledge requirements for the basics on food allergies and allergen control 
measures

	2.	 Ingredient and supplier management
	3.	 Allergen cleaning
	4.	 Guidelines for service and meal preparation
	5.	 Communication

10.2  �Knowledge Requirements for the Basics on Food 
Allergies

A food allergy is an immune system response in susceptible individuals that typi-
cally occurs soon after eating a certain food, generally containing allergenic pro-
teins. Even the smallest amount of the allergy-causing food can trigger symptoms 
(FARE 2016b), which include:

	1.	 Tingling sensation in the mouth
	2.	 Swelling of the tongue and throat
	3.	 Difficulty breathing
	4.	 Triggering an asthma attack
	5.	 Hives or eczema
	6.	 Abdominal cramps, diarrhea, vomiting
	7.	 Drop in blood pressure
	8.	 Loss of consciousness
	9.	 Death

Some individuals may only experience the mildest symptoms while others may 
progress through various symptoms of increasing severity. Anaphylaxis is a severe, 
sudden reaction that can cause a sudden blood pressure drop and a narrowing of 
airways, thereby preventing normal breathing. No cure exists for allergies. The only 
way to prevent an allergic reaction is by completely avoiding the allergenic food(s). 
If an allergen is mistakenly ingested, a medication called epinephrine is often 
administered in the form of an epinephrine auto-injector carried for emergency use 
by the allergic person or by medical professionals.

Given the potential severity of allergic responses, a food allergen management 
program must be well-constructed and clearly administered. The control of aller-
gens and confidence in food preparation are essential to ensuring the safety of con-
sumers with food allergies.

The Food Allergen Labeling and Consumer Protection Act of 2004, referred to as 
FALCPA (FDA 2004), identified eight food groups which are estimated to cause 
90% of allergic reactions in the U.S. Awareness of these allergens has become a top 
priority. Currently, FALCPA requires packaged food items (grocery store items as 
well as packaged food service products) to be labeled to disclose these ingredients 
using “plain English.” The eight “Major Food Allergen Groups” or “Big 8” as des-
ignated by the U.S. Food and Drug Administration (FDA 2004) are:
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    1) Milk
    2) Eggs
    3) Fish (i.e., bass, flounder, cod)
    4) Crustacean shellfish (i.e., shrimp, crab, 
lobster)

5) Wheat
6) Peanuts
7) Tree nuts (i.e., almonds, pecans, walnuts)
8) Soybeans

While these “Big 8” are the most common allergens, any food item or ingredient 
could cause a reaction in susceptible individuals, so even unusual requests may hap-
pen. When allergic people dine out, they may request information from that restau-
rant to assist them in safe choices based on their own needs. Other countries have 
different lists of common allergens. For example, in addition to the “Big 8” aller-
gens in the U.S., the list of “Priority Allergens” in Canada (Food Allergy Canada 
2016) also includes shellfish (i.e., squid, clams, oysters, etc.) as a seafood allergen, 
sesame seeds, mustard and sulphites.

The European Union Food Standards Agency (FSA 2015) adds celery, sesame 
seeds, mustard, lupin (a legume related to peanuts), mollusks (i.e., mussels, clams, 
oysters, scallops), sulfites when >10 ppm in a food or beverage, and cereals contain-
ing gluten to their list of common allergens.

Differences in regional common allergens reflect different diet components and 
the prevalence of different food allergies (milk, eggs, etc.) in different parts of the 
world. As multiethnic populations merge, common allergens may also change.

Food allergy fatalities must be top of mind in initial planning for food allergen 
management due to the following facts (Bock et al. 2001):

•	 85% of food allergy fatalities occur away from the home with almost half of 
those deaths occurring due to consumption of a food prepared in a restaurant

•	 98% of the fatalities were caused by unintentional ingestion of a food allergen, 
with peanuts and tree nuts being the predominant causes (39%). A delay in 
administration of epinephrine was related to the deaths 88% of the time.

•	 For some allergic people, ingestion of only a minute amount of their allergen can 
cause an anaphylactic reaction.

•	 An allergic reaction can happen within seconds or up to an hour after consuming 
the allergen, and there is high variability in the reactions observed between dif-
ferent individuals.

Considering the health implications to allergic guests when allergens unknow-
ingly enter their diet, it is essential to administer a comprehensive and thoroughly 
reviewed food allergen management program.

10.3  �Establishing a Food Allergen Management (FAM) 
Program

In establishing a FAM Program, consider it an educational as well as management 
project. Federal and local regulations should be taken into consideration both for 
guidance and to be in compliance. Allergen knowledge for recipes is dependent on 
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proper labeling as well as communication with vendors. Well-written recipes along 
with training for food handlers can prevent cross-contact of allergens. Cleaning is 
also integral to allergen management. All aspects are pulled together through com-
munication and training for each associate’s role in keeping the allergic guest safe.

10.3.1  �Regulatory Considerations

Once the determination has been made to proceed with development of an FAM 
program, regulatory requirements should be reviewed.

As of this writing, specific labeling is not required on restaurant menus high-
lighting the presence of allergens, nor are allergen-managed1 options required in the 
U.S. This is unlike the EU where since December 2014, the EU Food Information 
for Consumers Regulation No. 1169/2011 requires food businesses to provide 
allergy information on food sold unpackaged, in for example catering outlets, deli 
counters, bakeries and sandwich bars (FSA 2015). While some chains and individ-
ual restaurants may offer some allergen-managed items, such offerings are volun-
tary. Restaurant owners or national chains must take into consideration that for 
some allergic individuals even a trace amount of an allergen can cause a severe 
life-threatening reaction (anaphylaxis) and be prepared to further train on emer-
gency measures for potential allergic reactions.

Currently the direction given in the U.S. FDA Food Code (FDA 2013) for food 
service operations is focused on manager knowledge as well as employee training. 
In the 2005 U.S. FDA Food Code, Part 2-1 addressing “Supervision,” an addition 
was made to the subpart 2-102 “Demonstration of Knowledge.” This new subpara-
graph §2-102.11(C)(9) states “The person in charge shall demonstrate knowledge 
by…describing FOODS identified as MAJOR FOOD ALLERGENS and the symp-
toms that a MAJOR FOOD ALLERGEN could cause in a sensitive individual who 
has an allergic reaction.” This means that there is an expectation for managers to 
know the eight major allergens and symptoms of an allergic reaction in order to be 
able to respond appropriately such as by calling for emergency assistance. It is 
important that “9–1–1” is called when a guest is in distress since symptoms can be 
progressive.

Added in 2009 to the U.S.  FDA Food Code in subpart 2-103 “Duties of the 
Person in Charge,” paragraph §2-103.11(L) states that “the person in charge shall 
ensure that … EMPLOYEES are properly trained in FOOD safety, including food 
allergy awareness, as it relates to their assigned duties.” While the interpretation of 
this may vary with the local health department and/or restaurant, it can range from 
how servers answer customers’ questions, to communication to the preparation staff 
to ensure that the dishwasher properly cleans all the wares.

1 The term “allergen-managed” is used as opposed to “allergen-free” since under most circum-
stances, food service kitchens are not free of allergens but special management is put into place to 
minimize allergen cross-contact.
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Since the U.S. FDA Food Code is a set of guidelines to food regulatory jurisdic-
tions rather than laws, the adoption and enactment of any component of the U.S. FDA 
Food Code are highly variable across the country. Many states have adopted Food 
Code recommendations requiring manager knowledge of allergens and some 
employee-related training (see Chap. 3 of this book). The Commonwealth of 
Massachusetts has set higher standards. It is required that managers with food protec-
tion certification also complete allergen-awareness training through a program recog-
nized by the Massachusetts Department of Public Health. The Massachusetts Health 
Department approved a Massachusetts Allergen Training program, which includes a 
30-min online training video developed by Food Allergy Research and Education, Inc. 
(FARE). In addition, a notice is required on menus or menu boards that it is the cus-
tomer’s obligation when ordering to inform their server about any food allergies.

10.3.2  �Accurate Ingredient Information

To set up a Food Allergen Management (FAM) Program for a restaurant or chain, 
current and correct ingredient information must first be established. Standard reci-
pes must be reviewed, and those without certain allergens can be used as already 
created. Next is the choice of either modifying recipes to remove and/or replace 
common allergens with other ingredients or to only use current menu items that are 
already made without certain allergens.

It is important to recognize that this will be an allergen “management” or “con-
trol” program and not an “allergen-free” program unless the choice is made to elim-
inate certain allergens from the kitchen. The reality is that most food service kitchens 
use numerous ingredients; hence, allergens are likely present in the environment.

Complete knowledge of all ingredients is imperative so an inventory must be 
created. All ingredients must be in compliance with FALCPA by identifying the 
eight major food allergens on food labels in understandable language. For example, 
the specific type of nut (almond, pecan, walnut, etc.) must be listed, or the exact type 
of crustacean or fish must be indicated. Soybean, soy, and soya may be used inter-
changeably. When any of the major allergens are present in flavorings, coloring and 
additives, they must also be clearly indicated. While FALCPA does not apply to 
alcohol, fresh meats, poultry, and certain egg products, the USDA Food Safety and 
Inspection Service (USDA-FSIS 2013) encourages the use of allergen statements 
that align with FALCPA.

10.3.3  �Working with Product Labels and Ingredient Suppliers

When developing a FAM program, it is essential to communicate expectations to 
ingredient manufacturers and supplies. Working with food suppliers to receive 
accurate allergen information is vital. Assumptions cannot be made about 
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ingredient contents, since some allergens may not be obvious. For example, most 
soy sauce and commercial broth concentrates contain wheat. Frozen French fries 
are often dusted with dairy or wheat components. Some suppliers will have similar 
products with differing ingredients. It is important to check labels since suppliers 
are required to follow FALCPA.

Along with allergen labeling, there may be advisory statements on the labels 
regarding the manufacture of food ingredients on shared equipment or in a facility 
that processes allergen-containing products. Examples of advisory statements 
include wording on the label that a product “may contain,” is “processed in a facility 
that …,” or is “manufactured on shared equipment with …” an allergen. These state-
ments are not consistent nor are they regulated. Items with these labels may pose an 
allergen risk and require management, so substitutions with allergen-free items for 
these ingredients are recommended. For example, cookies “processed in a facility 
that also processes products with peanuts” should be replaced with a cookie without 
such a warning.

In addition, it is essential for suppliers to provide notification when reformulat-
ing ingredients, particularly when these reformulations change the allergen content. 
Distributors should also be included in communication regarding ingredient consis-
tency and should be required to notify a facility of any ingredient substitutions. 
Even with these arrangements, labels should be routinely checked on the ingredi-
ents used for allergen-controlled items. Cooking staff should be trained to double-
check ingredients that they may only occasionally utilize for special menu items.

10.3.4  �Managing Your Ingredients

To assist in managing recipe ingredients for allergens, a spreadsheet can be utilized 
which lists every ingredient used in each recipe. This spreadsheet can then be cross-
referenced with the “Big 8” allergens indicating the allergens present in each ingre-
dient, and therefore, in specific menu items. With the information from ingredient 
labels in conjunction with recipes, a decision can be made to modify recipes for 
allergen-free menu items by either substituting other ingredients or by sourcing 
allergen-free ingredients (see Table 10.1 for an example). Using a tool such as this, 
decisions can be made regarding what menu items are already suitable for an 
allergen-free offering and also what modifications could be made to eliminate cer-
tain allergens to create new offerings.

10.3.5  �Facility and Equipment (FAM)

As part of an FAM, dry storage areas, coolers and serving lines need to be orga-
nized. Food and ingredients that might be used for allergen-managed menu items 
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should be clearly labeled with allergen content once removed from original packag-
ing and also appropriately stored to prevent contamination of allergen-free foods 
with allergen-containing foods. For examples, chopped nuts should be segregated 
from other ingredients in order to limit contamination of other foods.

You must have adequate equipment and other wares to offer allergen-managed 
items. In some cases, you may need duplicate equipment to successfully manage 
your FAM Program. Readily available clean, extra wares and equipment allow for 
quick preparation and the need to avoid cross-contact.

10.4  �Allergen Cleaning

Overall cleaning and cleanliness aspects are integral to the FAM plan’s success and 
involve many staff members. An allergen, often a protein, differs from foodborne 
pathogens, which are tiny living organisms such as viruses or bacteria. The proteins 
that elicit an allergic response are not living; therefore, use of sanitizers alone is not 
an effective allergen management tool. Allergen management must involve physical 
removal of the allergenic protein through thorough cleaning of a surface or area.

10.4.1  �Five Factors for Successful Cleaning

Proper cleaning comprises the successful integration of the following factors: time, 
temperature, chemical action, mechanical action, and procedures. The inclusion of 
each of these components is necessary for the removal of all soils from a surface, 
including allergens. Different surfaces within the foodservice establishment will 
require separate processes, temperatures, and chemical choices. It is important to 
specify all requirements in a procedures document and train responsible associates 
on proper execution.

Table 10.1  Allergen spreadsheet example

Ingredients Dairy Soy Peanuts
Tree 
Nuts Eggs Wheat Fish Crustaceans

Bob’s soy sauce X X
Bob’s gluten-free soy 
sauce

X

Worcestershire sauce X X X
Bleu cheese X
Unbleached flour X
Corn tortillas
Wheat tortillas X
Pre-breaded shrimp X X X
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Time needed to properly execute cleaning of a surface will vary. This factor also 
includes the frequency with which the cleaning should be performed. Temperature 
requirements vary for different types of food soils. Higher temperatures may be 
achieved by using an enclosed mechanical warewashing machine which limits the 
chemical and temperature exposure of employees. Chemical action specifies the 
proper chemical choice and concentration for cleaning the specified surface and 
type of food soil. The products chosen, including cleaning tools, should be compat-
ible with the surface. Incompatibility may lead to surface deterioration which may 
become a harborage for soil and hence allergens. Mechanical action refers to pres-
sure applied to a surface, either through mechanized water pressure or manual pres-
sure through cleaning implements. Implements can include brushes of various sizes, 
scrubbing pads, squeegees, or other specialized devices designed for cleaning. 
Procedures must define the steps taken to achieve a clean and sanitary surface. 
Ensuring proper execution of the procedures can be done through training and 
observation, as well as posting of placards and visual aids. Another aspect to con-
sider is that the necessary tools should be cleaned and maintained so that they do not 
contribute to cross-contact and stored only with tools used to clean food contact 
surfaces.

10.4.2  �Detergent Considerations

It is important to choose the correct detergent ingredients. There are four main types 
of soil: fats, carbohydrates, proteins, and minerals. Each has a different composi-
tion, and removal can be aided by different chemical components. Some specialty 
detergents will have a combination of ingredients targeted at removing multiple 
classifications of soils. Most foods will contain more than one soil type. Take some 
time to identify what types of food soils are present in different areas of your 
establishment.

There are six main chemical components of a cleaning detergent or cleaning 
chemical that aid in removing soil alkaline, acid, oxidizer, enzyme, solvent, and 
surfactant (Table 10.2).

Alkalines are characterized as chemicals having a pH > 7. Inclusion of alkaline 
materials in a formula aids in dissolving or dispersing any organic soils. Cleaning 
chemicals containing alkaline materials are used if soils contain carbohydrates, pro-
teins, or fats. Acids are identified as chemicals having a pH < 7. Acids aid in dissolv-
ing mineral soils, such as those responsible for water hardness. If the water source 
used in a restaurant has significant hardness, consideration should be given to peri-
odically using acid cleaner to minimize scale buildup on surfaces, especially those 
exposed to water for long periods of time. Examples include steamers and the ware-
washing machine area.

Oxidizers liberate oxygen to hydrolyze larger molecules. Two common types of 
oxidizers are sodium hypochlorite (bleach) and peroxide. Use of oxidizers is sug-
gested with protein soils. The oxidizers in the peroxide or bleach chemicals attack 
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oxygen sources within the protein to chemically hydrolyze the protein into smaller 
pieces, aiding in soil removal. It is easier to dissolve smaller protein fragments (pep-
tide) segments in water, and easier for the surfactants to keep the peptide pieces in 
the water solution to be carried away instead of redepositing on the food contact 
surfaces.

Another way to hydrolyze proteins is through use of a proteolytic enzyme. 
Proteolytic enzymes are used in many cleaners where chemicals having high pH or 
harsh oxidizers are not recommended. Enzymes can be used at room temperature 
and are not damaging to many surfaces. Solvents are used to dissolve another sub-
stance. Water is the most common solvent, although alcohols are occasionally used. 
Inclusion of an alcohol-based solvent can be useful in removing fats, which do not 
dissolve well in water. Some carbohydrate soils can also benefit from use of solvent 
additives. Surfactants are compounds that reduce the surface tension between com-
ponents in a liquid solution. They are commonly used to emulsify fats, oils, and 
carbohydrates in water solutions, which make them less likely to redeposit on the 
cleaned surface. The addition of surfactants in cleaners allows for use of lower tem-
peratures when cleaning surfaces, which is especially useful when cleaning large 
amounts of fats and oils. Fats and oils, on the other hand, may need to be liquefied 
to hasten removal. This is usually done by raising the temperature of the wash water, 
or by cleaning a surface (e.g., grill) while it is still warm. Increasing the temperature 
allows the fats to melt from a solid to liquid form, which aids in cleaning from the 
surface.

10.4.3  �Methods of Cleaning

Many foodservice operations have a variety of methods available to clean equip-
ment exposed to allergens. Some, like wares, can be processed through a warewash-
ing machine. It is especially important to follow proper procedures when preparing 
the wares for the mechanical washing process. This includes precleaning to remove 
any visible soils and rinsing before properly loading the dish rack. This minimizes 
the amount of soil that is introduced into the wash tank of the warewashing machine. 

Table 10.2  Chemical components of detergent for different types of soil

Chemical 
component Mechanism Example Soil type

Alkaline Dissolve or 
Disperse

NaOH, KOH Fats, Carbohydrates, Proteins

Acid Dissolve Phosphoric, Nitric Minerals
Oxidizer Hydrolyze Bleach, peroxide Proteins
Enzyme Hydrolyze Protease Proteins
Solvent Dissolve Water, alcohol Fats, Carbohydrates
Surfactant Liquefy, Emulsify Fatty acids, 

Detergents
Fats, Carbohydrates
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High levels of soil in the wash cycle can lead to redeposition of soil, including aller-
gens, on subsequent racks of dishes. For recirculating machines, it is recommended 
to change the water at least every 2 h. It may also be recommended to wash allergen-
sensitive items (i.e., utensils used primarily for allergen-managed procedures) right 
after changing the wash water to minimize the potential for soil redeposition. It is 
also important to ensure that employees are trained regarding which items should 
not be placed through the warewashing machine. This may be for material compat-
ibility, temperature constraints, or size constraints. Large pots, for example, may 
shield the wash arms from reaching all surfaces and lead to allergens remaining on 
the surfaces. Allergens not removed during cleaning and sanitizing can be a poten-
tial source for cross-contact in storage, preparation, or use.

Other operations utilize manual methods of cleaning wares. As with mechani-
cal ware washing, it is important to follow proper prewash procedures to mini-
mize the level of soil in the wash basins. It is also a good practice to follow 
established cleaning procedures for any implements such as brushes used to 
remove soil from the ware. Some cleaning implements have the ability to harbor 
food soil which can cause both microorganism and allergen risks. In manual envi-
ronments, it is also a good practice to wash allergen-sensitive items first or directly 
after changing the basin solutions. Again, this will help minimize the potential for 
cross-contact of allergens onto wares. As previously mentioned, sanitizing wares 
alone is not adequate to remove allergens without thoroughly cleaning all surfaces 
first. Employees should be reminded to visually inspect items emerging from both 
the warewashing machine and manual washing for presence of food debris and 
rewash these items.

10.4.4  �Cleaning Beyond the Back of House

Environmental cleaning can also help reduce the risk of allergen cross-contact. 
Reducing environmental soil loads on walls, equipment, and any non-food contact 
surfaces incorporates many of the recommendations already mentioned: selecting 
proper tools, utilizing the proper procedures, and training staff on which combina-
tions are most effective on different surfaces. Environmental cleaning is usually 
performed manually, though some equipment may be disassembled for mechanical 
cleaning. When analyzing allergen risk, focus on environmental surfaces in close 
proximity to where allergen-free ingredients or meals are prepared or stored. Pay 
special attention to the undersides of exposed equipment, hinges or sandwich points, 
or other areas that are often overlooked. Listing these surfaces on current cleaning 
checklists and training staff on procedures are ways to ensure these surfaces are free 
of soil, allergens and other contaminants. Another practice is to place these particu-
lar areas on a rotating sanitation schedule to focus on a specific area every shift or 
other unit of time. This allows more detail to be placed on areas of concern and 
allows all environmental surfaces to be cleaned on a rotating basis.
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Allergen cleaning should also be considered at the front of house, including 
managing “touch points,” areas or items that the allergic guest may touch. Since wiping 
down surfaces like tables, bar tops and chair backs with a sanitizer alone, a common 
practice, does not remove allergens, a proper procedure of washing with a soapy solu-
tion and rinsing with clean water with a final sanitizing step is possible when the 
allergic guest makes an advanced reservation at the restaurant. However, if a food 
service facility were to utilize this practice as part of normal procedure, they could 
always be ready for the allergic guest. Changing table linens between guests also can 
be used to reduce exposure of guests to allergens from table surfaces.

10.5  �Service and Meal Preparation

Once determinations are made about what menu items are available or will be modi-
fied for your allergen-controlled menus, guidelines for service and preparation must 
be created.

As part of this, it is important that facts are laid out for all associates in case there 
are any misbeliefs. In a 2007 study (Ahuja and Sicherer 2007), restaurant and food 
establishment personnel indicated that 58% of their establishments offered no form 
of food allergy education. Other findings of this study included the following:

•	 70% of those surveyed felt that they could guarantee a safe meal
•	 24% thought that consuming small amounts of allergen is safe
•	 35% believed that fryer heat can destroy allergens
•	 54% thought that a buffet is safe if kept clean
•	 25% of those surveyed thought that it is safe to remove an allergen from a 

finished meal

Overall, the study indicated that many beliefs were erroneous and that the com-
fort level was greater than the knowledge level.

10.5.1  �Service and Front of House Operations

In terms of service, it is essential to decide how front-of-house staff will be involved. 
Starting with the host stand and the reservation system, guests can be asked in 
advance if there are any special dietary needs. This will allow a restaurant with a 
FAM to be alerted that a guest with special dietary needs will be coming in at a 
specific time. Fresh linens for a table will also eliminate allergens on the table 
surface.

While some sources of allergens may seem obvious for some menu items, such 
as cheese which contains milk or croutons which contain wheat, if a server is 
unaware of “hidden” ingredients, the FAM is not being properly implemented. 
Program knowledge and proper training are important. When managers, chefs or 
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trained servers take the order for the allergic guests, it is important that offerings 
and their preparation are clearly communicated. Special notations should be made 
on the order slip and entered into a computerized order system, if available. 
Ordering systems can be designed to highlight allergies and special preparation 
requirements so that correct written confirmation of the special order arrives at 
the cook’s line. It is also ideal to verbally communicate these special orders 
directly to the kitchen staff, whether to a lead chef/cook or to the line manager. 
Each staff member who handles the order must be aware of the allergy and com-
municate with each other—from reception to the server to the kitchen and then 
back to the server.

If a restaurant can offer thoughtful amenities to the allergic guest, this helps build 
program satisfaction for the guests as well as develop a relationship between the 
guest and restaurant brand. For instance, if a guest identifies a dairy allergy and 
normally butter is placed on the table, that guest might appreciate being offered 
olive oil as an alternative. If a guest indicates that they have a wheat allergy, the staff 
may ask whether they want bread placed on the table or perhaps crudité can be 
substituted.

10.5.2  �Back of House Operations

Once the order is communicated to any line cook or chef, there must be a break in 
the preparation action. This is to allow for communication and to prevent cross-
contact—the carryover of an allergen from one surface to another.

Whether space allows a separated designated preparation area to be kept as an 
allergen-controlled zone or an area must be cleaned for preparation, the responsible 
person must get the area and any needed equipment ready. Food contact surfaces 
must be first washed and rinsed before they are sanitized since sanitizing alone is 
not sufficient to remove potential allergen present. Hands must be washed and fresh 
gloves worn for ready-to-eat food handling. Clean utensils, dishes, bowls, etc. must 
be used for the allergen-controlled food items. In some operations, a special 
“allergen-control” kit is kept clean for ready use. Commercial allergen-control kits 
are often purple, an unusual but visible kitchen color, and may include a cutting 
board, knife, tongs, scoop, spatula and thermometer. Included wares can be custom-
ized for the operation. A kit is not required but can be a convenience. Instead of a 
commercial allergen-control kit, needed wares for a given operation can simply be 
put aside in a covered container for convenient use. Care must be taken in cleaning 
and sanitizing items in the kit before and after each use, as meals that require the use 
of dedicated equipment may have different requirements (i.e., dairy- and tree nut-
free versus dairy-free).

Supervision of the staff preparing the allergen-controlled items can help assure 
accuracy and proper technique. Routine training for all staff about sources of cross-
contact and prevention is essential. If any errors are made during preparation, the 
menu item must discarded and be completely remade. Picking off the allergen, such 
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as croutons on a salad for a wheat allergic guest, can leave traces of the allergen 
which may be lethal for the highly allergic guest. Thus, removing allergens is not an 
acceptable practice.

For cooking surfaces like open-fire grills and griddle surfaces, it should be ascer-
tained if any common allergens are ever cooked on those surfaces. In some opera-
tions, meats, poultry, fish and crustaceans are cooked on different areas of the grills. 
If not, some areas are kept uncontaminated from certain allergens. In some cases, 
items will be cooked over the grills in clean pans or over clean foil. Each facility 
must be assessed individually.

Additionally, care must be taken in open kitchens. Allergic reactions do not only 
occur from ingestion, but can also occur from inhalation. Reactions from inhalation 
of fish, egg, legumes, buckwheat, and milk associated with active cooking have 
been documented (Roberts et al. 2002). For operations where dusting surfaces with 
flour or cooking on open grills are common, allergic reactions can occur, so allergic 
guests should be seated away from these types of processes.

For each step of creating a plate for the allergic guest, washed hands should be 
covered with new disposable gloves. Once the allergen-managed dish has been 
plated, the line manager should double-check the plate, and have it carried sepa-
rately to the guest. If it must be carried on a tray with other food or by hand, care 
should be taken to not contaminate the allergen-managed dish with contents of other 
plates. Some operations use color flags in the special food items to help identify 
them along with the server acknowledging the specially prepared item when placed 
in the front of the guest. Reassurance at each stage is a comfort to the guest.

10.6  �Communication

Good communication cannot be over-emphasized. Information-sharing at every 
team member position helps to minimize risk of allergen cross-contact. 
Communication skills must be coupled with management of staff behaviors such as 
properly answering allergen questions and preparing special meals. There is no 
room for error when a life could be at risk. When the FAM includes everyone 
involved in the food service establishment, the interactions with the guest, the flow 
of the food order, the preparation and service steps along with proper cleaning 
behaviors, confidence is instilled with both employees and guests.

10.7  �Summary

Setting up an all-encompassing Food Allergen Management (FAM) Program is a 
large endeavor which requires input and cooperation from many sources. General 
knowledge on basics of food allergies, common food allergens, reaction symptoms, 
inherent risks and labeling guidelines are starting points. Complete understanding 
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of the life-threatening risks of a poorly executed program must be acknowledged as 
part of the commitment offering an allergen-managed special menu.

Planning must take regulatory requirements into consideration along with inte-
gration of thorough ingredient information. Facility aspects, proper food storage 
and equipment availability are aspects of consideration for the flow of food that 
when well-managed will limit the potential of cross-contact and problems for the 
guest. Proper implementation of a cleaning and chemical program is a vital adjunct 
to the FAM program. Of course, the human aspects of training and communication 
must be continually emphasized with regular program, menu and implementation 
review. Proper management along with good corporate communication and support 
for chain food service facilities will help in offering allergic guests a safe and secure 
dining experience, and this level of comfort can help establish long-term relation-
ships with these consumers.
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Chapter 11
Managing Food Allergens in Retail  
Quick-Service Restaurants

Hal King and Wendy Bedale

11.1  �Introduction

For the first time, Americans now spend as much money on food away from home 
as they do at home (USDA-ERS 2015), with about 30% of food money spent away 
from home going to limited-service restaurants including fast-food (also known as 
quick-service) restaurants (USDA-ERS 2016). The growing number of consumers 
dining out contributes to the fact that restaurants are the location where a substantial 
percentage of anaphylactic reactions occur due to food allergens. A 2002 study with 
mostly North American participants found that 17.6% of food-induced allergic 
reactions occurred in restaurants (Eigenmann and Zamora 2002). In a more recent 
study, 12% of food-induced anaphylaxis cases resulting in pediatric emergency 
room visits were found to occur following a restaurant visit (Rudders et al. 2010), 
while in adults, more than half of food allergen exposures leading to emergency 
room visits occurred at restaurants (Banerji et al. 2010). Food allergic reactions that 
occur in restaurants can have serious outcomes: an analysis in the U.S. found that 
nearly half of food allergy deaths recorded in a 1994–2006 registry were associated 
with food establishments, with some occurring at quick-service restaurants (Weiss 
and Munoz-Furlong 2008).

Management of food allergens in quick-service restaurants has significant differ-
ences compared to food allergen control in full-service restaurants. In some cases, 
independent and franchised quick-service restaurants have additional challenges to 
control food allergens and protect food allergic individuals. Key differences between 

H. King (*) 
Public Health Innovations, LLC, Fayetteville, GA 30215, USA
e-mail: halking@pubhealthinnovations.com 

W. Bedale 
Food Research Institute, University of Wisconsin-Madison, Madison, WI 53706, USA

mailto:halking@pubhealthinnovations.com


182

quick-service restaurants and full-service restaurants with respect to food allergen 
risk and controls for managing such risks are introduced in Table 11.1.

Other chapters in this volume (Chaps. 9 and 10) discuss food allergen manage-
ment and control measures more relevant to full-service restaurants. This chapter 
will illustrate some of the risks related to food allergens that are associated with 
quick-service establishments, while also highlighting food allergen management 
methods (including supplier control, restaurant operation management, and ingredi-
ent communication) appropriate for quick-service restaurants.

11.2  �Food Allergen Risks at Quick-Service Restaurants

11.2.1  �Fast Food Is Packaged for Immediate Consumption

Food prepared and  served in restaurants, especially quick-service restaurants, is 
normally produced and packaged for immediate consumption. Because of this ser-
vice model, most packaging of quick-service restaurant foods does not list product 
ingredients, nor include any precautionary or advisory statements that the food may 
contain undeclared allergens. This is different from packaged food from a retail 
store where customers can review the declared ingredients in the product and pre-
cautionary statements about how the product was produced (e.g., manufactured in a 
facility that also processes tree nuts) and make a decision before they consume or 
serve the food.

Likewise, while manufactured and packaged foods can be tested for the presence 
of undeclared allergens prior to distribution, there is neither time nor appropriate 
technology in a restaurant to conduct any kind of food allergen testing after the final 
food product is prepared and before a customer eats it (other than a cursory visual 
inspection (e.g., whole nuts) which would not detect unseen allergens like milk or 
egg protein in a coating).

The emphasis on rapid production, maintaining food at hot or cold temperatures, 
and delivery of food for quick-service can result in order mix-ups, including (and 
particularly) when special orders are made to a regular menu item in response to an 
allergic customer’s request. For example, a special order sandwich might be placed 
in a heated tray with other sandwiches to keep it warm while the rest of the order is 
made, which might result in delivery of the wrong sandwich to the customer. While 
some special orders may simply be a matter of preference (e.g., no pickles) and 
would not require the attention that food allergen-related special orders might need, 
quick-service restaurants should consider handling all special orders in the same 
manner to prevent potentially serious mistakes. Likewise, because the packaging for 
handling and holding foods for customers is oftentimes preprinted, some restaurants 
use labels (stickers) placed on the food packaging to indicate a menu item has been 
specially prepared (e.g., without egg). A caution in this however is that such a label 
might lead a customer to mistakenly believe that the product was prepared to pre-
vent all egg cross-contact although this may not be the case.

H. King and W. Bedale
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11.2.2  �Undeclared (and Unexpected) Food Allergens May 
Be Present

Undeclared and unexpected food allergens are hazards to anyone with food allergies 
when dining out. Menu changes, changes in ingredient sources, manufacturing 
defects, and cross-contact during food preparation can all introduce new food allergen 
hazards at a quick-service restaurant.

In a quick-service restaurant, menu changes may not occur with as much fre-
quency as in other types of restaurants, but it is important that even “limited-time” 
products be made with the same attention to food allergens as menu staples. 
“Limited-time” products might utilize ingredients from new suppliers who have not 
yet been fully audited, or menu allergen information may not be updated promptly 
when changes or additions are made. Similarly, changes in ingredient suppliers for 
regular menu items have the potential to introduce unexpected allergens. If the 
source of an ingredient is changed and the new source has not been thoroughly 
investigated or audited by the restaurant, food allergens may be unknowingly intro-
duced into the restaurant’s products. Manufacturing defects, errors in disclosure of 
allergen information, or errors/gaps in label control can occur at the supplier facil-
ity. An ingredient could be accidentally contaminated with traces of peanut if it is 
produced in a facility that also handles peanuts, for example. Such a problem at a 
quick-service restaurant chain could impact many restaurants that are part of the 
chain, ultimately affecting a large number of customers.

Cross-contact with allergens can occur during food preparation at the restaurant, 
especially in the small and crowded spaces associated with quick-service restaurant 
kitchens. In some cases, no segregated space for allergen-free food preparation may 
be available in the kitchen. Risk of allergen cross-contact can also occur with 
special orders items. For example, an egg-allergic customer may ask whether a 
breakfast sandwich is available egg-free. The employee at the counter might say “yes” 
and simply remove the egg from an already assembled sandwich or make a sandwich 
without the egg using the same gloves that were just used to make egg-containing 
sandwiches.

11.2.3  �Customers May Be Unable to Obtain Food Allergen 
Information

Food allergen risks may also arise from gaps in communicating allergen informa-
tion to consumers due to consumer behavior, lack of employee knowledge, failure 
to establish food allergen inventory, or not making allergen information available to 
employees or consumers (e.g., failure to disclose allergen in menu). Consumers 
with food allergies may be hesitant to ask for information about food allergens at 
restaurants due to social considerations such as embarrassment or fear of being 
perceived as picky (Leftwich et al. 2011). In a quick-service restaurant, the often 
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rushed (especially during drive-thru ordering) and rather public ordering process 
has the potential to increase this reticence.

Even if customers are assertive and proactive enough to ask at the food service 
counter whether a product contains a food allergen, the customer may not get an 
appropriate or correct answer. Quick-service restaurants experience high staff turn-
over (NRA 2016a), making it more difficult (and providing less incentive) to train 
all staff on food allergen control practices. Insufficient training is likely one reason 
employees in limited-service restaurants have been demonstrated to lack knowledge 
of food allergen management (Dupuis et al. 2016). Quick-service workers may not 
realize that the amount of an agent that can trigger a reaction is much smaller for 
food allergies compared to food intolerances, nor appreciate that the consequences 
of accidental ingestion can be much more serious for those with food allergies than 
for those with food intolerances (Li 2007).

Information on food allergens may not be readily available at the restaurant, or 
staff may not have the knowledge to identify allergens from ingredient lists; for 
example, they may not recognize that “arachis oil” or “casein” could be problematic 
ingredients for customers allergic to peanuts or milk, respectively. Employees may 
not actually know if an allergen is present or not, or may not know how to find this 
information. In a busy quick-service restaurant, it might be easier for employees to 
incorrectly say “No” than to try to find out for sure if an allergen is present when a 
customer inquires about an allergen. Conversely, some restaurant staff may err on 
the side of caution and be unwilling (or unable) to ensure that a food is in fact 
allergen-free, restricting the ability of those with food allergies to order at restaurants 
(Leftwich et al. 2011).

In addition, quick-service servers “may not know what they don’t know”; one 
survey found no correlation between a restaurant server’s confidence in their own 
abilities to provide a safe meal to someone with a food allergy and their knowledge 
regarding food allergies (Ahuja and Sicherer 2007). Similarly, another study found 
that despite high confidence in being able to provide safe meals to those with food 
allergies, restaurant managers had clear deficits in their knowledge of and ability to 
manage food allergens (Wham and Sharma 2014). These risks and the related best 
practices on employee training to manage food allergens in restaurants are covered 
in more detail in this book (Chaps. 9 and 10).

11.3  �Control of Food Allergens at Quick-Service Restaurants

11.3.1  �Managing Supply Chain to Control Food Allergens

Quick-service restaurants  require consistency across and efficiency within their 
establishments. As a result, quick-service restaurants often rely upon premade or 
processed foods obtained from central manufacturing facilities. Some raw ingredi-
ents such as produce, raw meats, raw fish, and eggs may be acquired locally by 
individual restaurants. Careful supply chain management for all of these ingredients 
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is a major way in which quick-service restaurants can control food allergen risks. 
Supply chain management includes verification of supplier’s allergen control pro-
grams, supplier approval and consistent use of only approved suppliers, a surveil-
lance program, and corrective actions in response to supplier recalls, mock recalls, 
or customer complaints.

Ingredients that are used in preparing foods for a quick-service restaurant need first 
to be assessed for undeclared allergens. Quick-service restaurants need to ensure that 
each manufacturing facility maintains documentation for all ingredients used in each 
batch of product sold to the restaurant chain. Even minor ingredients or processing 
aids need to be scrutinized. In order to assess and manage risks of cross-contact, the 
quick-service restaurant should obtain from each food manufacturing facility supply-
ing food ingredients and products a list of all allergens used in and by the manufac-
turing facility, and obtain documentation about how each are contained to prevent 
undeclared allergens. Verification of allergen prevention and cleaning programs 
using final product testing for major allergens used in the facility that are not declared 
in the product should also be utilized. The quick-service chain should require suppli-
ers to retain samples of each batch of product if made on the same production line as 
a product that contains any of the eight major allergens in the event that later testing 
of a particular lot is necessary. New FDA requirements (in the form of allergen pre-
ventive controls) under the Food Safety Modernization Act (FSMA) require similar 
specifications to prevent undeclared allergens in manufactured human foods, and 
restaurants and chains can reinforce and monitor these preventive controls for the 
ingredients and foods they source in their supply chain (King and Bedale, 2017).

Each vendor of food ingredients for an independent quick-service restaurant or 
chain must be evaluated against a safety standard that includes allergen management 
to be approved by the quick-service restaurant before the vendor’s products are used. 
This approval should be updated annually by the quick-service restaurant or chain.

All quick-service restaurants should use only approved brands and suppliers that 
have been evaluated properly for prevention of undeclared allergens. Individual quick-
service restaurants must understand that they cannot make substitutions from 
non-approved vendors or brands (for example, if they run out of an ingredient, they 
should not use a similar ingredient from a different vendor unless it has been evaluated 
properly for potential presence of undeclared allergens). It may be a good idea to have 
approved backup suppliers in case the regular suppliers are not able to provide the 
needed ingredients. The quick-service restaurant should conduct self-assessments on 
a regular basis to ensure that only approved vendors and ingredients are being accepted 
from distributers and used to prepare foods. Bulk products received at individual 
restaurants (such as highly refined peanut oil used in frying) should be verified upon 
receipt to ensure that they came from an approved supplier.

Being part of a quick-service restaurant chain improves the efficiency of estab-
lishing approved suppliers. Importantly, being part of a large organization also 
makes it more efficient to monitor suppliers to ensure the safety of ingredients/
products before they are distributed to restaurants in the chain. The parent company 
can institute surveillance for undeclared allergens in specific ingredients or products 
used by restaurant franchisees in a variety of ways. For example, they can routinely 
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monitor related FDA warnings and product recalls and communicate this information 
to all restaurants when necessary. The parent company can also visit and inspect 
suppliers of ingredients and prepared foods or conduct product testing. For example, 
the parent company that specifies use of only peanut oil for frying could test the oil 
via a third-party accredited laboratory to ensure no peanut proteins are present as a 
way of ensuring that the oil from that supplier is highly refined and non-allergenic, 
and periodically reassess the product on a regular basis.

Establishment of a fast, effective method of implementing a product withdrawal 
or recall across all restaurants if an undeclared allergen is discovered through test-
ing or reported by the FDA is also an important responsibility of the quick-service 
restaurant. All restaurants in even a very large quick-service restaurant chain could 
be contacted efficiently and rapidly through the use of interactive voice response 
systems (IVRS) and/or an e-mail/text system to alert each restaurant to the problem 
and to specify appropriate response actions. The system could also be used to auto-
matically gather information on the response of each restaurant to the alert to ensure 
affected products are not sold to customers.

An individual quick-service restaurant and chain should also establish a system for 
customers to file complaints that might include food allergen problems, and the restau-
rant  and/or chain needs to continually monitor complaints and promptly investigate 
them to ensure no ingredients or products have undeclared allergens. First, if one or 
more customers make a complaint about an undeclared allergen exposure or reaction to 
a product, and if that product is manufactured in a facility that also uses these undeclared 
allergens, then this product should be placed on hold for retail sales and further distribu-
tion to retail stores. If the product is found to contain an undeclared allergen (and this 
allergen is not used to prepare foods in the restaurant where the customer purchased the 
food), then a recall of that product based on production date should be communicated to 
remove that product from all restaurants and prevent any further distribution. Every 
customer complaint should be treated as valid until root cause assessments have been 
completed to confirm that there is no undeclared allergen in an associated product.

11.3.2  �Retail Management of Allergen Risks: Restaurant 
Operations

The key steps in allergen control within a restaurant operation include food allergen 
training, food allergen management control programs (including fulfilling orders, 
preventing cross-contact), communication of food allergen information, corrective 
actions, and self-assessment.

Since 2005, the U.S. Food Code has included provisions to help restaurants pro-
tect consumers against food allergens (FDA 2005). These provisions include having 
a person in charge during operation who is knowledgeable about major food aller-
gens, the symptoms of allergic reactions, and cleaning procedures needed to prevent 
cross-contact. That person is responsible for ensuring that other employees are 
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trained in food allergen awareness as appropriate to their responsibilities at the 
restaurant.

Food allergen training is needed for both quick-service restaurant owners and 
employees. New quick-service restaurant owners should receive training on general 
food safety principles, including food allergens, prior to opening their restaurant 
and should be recertified on this training on a regular basis. When a new product is 
introduced, any potential food allergen risk of this product needs to be communi-
cated to franchise owners as well as employees. Continuous awareness can be built 
through restaurant ownership and/or the parent company communications such as 
newsletters. Annual meetings are an ideal time to conduct allergen refresher training 
for franchise owners of a restaurant chain to both review important concepts on 
allergen risks and controls and demonstrate how important food allergen control is 
to the organization.

Challenges to training restaurant employees in a quick-service restaurant include 
high turnover, training costs, time for training, and language barriers (Kwon and 
Lee 2012). Food allergen training in a restaurant needs to be relevant, inexpensive, 
and accessible (Bailey et al. 2014). The National Restaurant Association has created 
an online food allergen training and exam program designed for restaurant employ-
ees and managers (NRA 2016b). The course, which is available in both English and 
Spanish, takes about 90  min to complete. Basic information on food allergies, 
symptoms, allergen identification, cross-contact prevention is presented, along with 
specific information for front of the house staff (communicating with customers, 
dealing with emergencies, etc.) and back of the house staff (reading food labels, 
handling food deliveries, etc.). Other local and state regulatory departments also 
offer food allergen safety training, such as the University of Minnesota Extension’s 
Food Allergen Training for Food Service Employees course (see Chap. 12).

Food allergen training at a quick-service restaurant should be tailored to the 
employee’s role within the restaurant and should include awareness of the eight 
major allergens and their presence in any menu items. Employees need to know the 
most common allergen questions a customer may have about the food served at the 
quick-service restaurant and be able to properly answer these questions to prevent 
miscommunication on the presence or absence of an allergen in a menu item. For 
example, one effective means to reduce risk of miscommunications on allergens to 
customers is to teach employees to never say the word “no” when asked if a product 
has a specific allergen; instead, offer the customer information that shows the ingre-
dients of the product (e.g., nutrition brochure with ingredients of each product) so 
the customer can make an informed decision.

In addition to regular food allergen training, restaurant operators can implement 
programs to reinforce allergen control best practices among employees. All 
restaurant-specific food preparation recipes and job aid materials can be highlighted 
with visual cues to indicate when a procedure could introduce a food allergen risk 
(for example, the written materials describe precautions used when adding diced 
eggs to salads to prevent cross-contact of other products that share the same space). 
Continuous awareness of food allergies and the importance the company places 
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in their control can be built through e-mails to employees, paycheck stuffers, and 
posters/job aids within the restaurant.

Ensuring allergen information is accurately transmitted from consumer to people 
taking orders and then to people preparing the foods is also important to consider 
in a quick-service restaurant. Methods of initiating and tracking special orders 
(for example, “no cheese” that might be a milk allergen concern) that are made by 
the customer should be established to alert staff in the kitchen to prepare foods 
properly and prevent foods from containing undeclared allergens.

Special tools, procedures, recipes, and specified food preparation areas can be 
used to help manage food allergen cross-contact (Fig. 11.1). Recipes can exclude 
the top eight allergens so that none of these allergens should be present in the res-
taurant prep kitchen, or the allergen (e.g., almonds) can be packaged by a supplier 
in a separate package (e.g., like a condiment) and then given to the customer to add 
to their product after purchase. Color-coded tools (e.g., purple for allergen-free 
zones only) can be provided that are only used in designated prep areas and can 
reduce the cross-contact of allergens to other foods.

Using disposable gloves is also an effective way to reduce cross-contact by food 
handlers working with foods containing allergens when special order request are 
made by customers; employees can remove gloves first, and then make the special 
order with a new pair of gloves. Note, however, that latex gloves themselves have 
been shown to trigger allergies when used to handle food eaten by consumers with 
latex allergies (Franklin and Pandolfo 1999; van Drooge et  al. 2010), and some 
states do not allow latex gloves to be used in food service operations (Additives and 

Fig. 11.1  Allergen-segregated food preparation space within a restaurant (photo used with permis-
sion from San Jamar). A separate food prep area and use of segregated utensils (only used for those 
products with the allergen(s)) can reduce the risk of cross-contact of allergens in other foods
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Ingredients Subcommittee of the Food Advisory Committee 2003). Alternatives to 
latex such as nitrile and vinyl gloves are widely available and similarly priced.

Regular quality and food safety self-assessments of quick-service restaurants 
should include evaluation of food allergen controls  to ensure Active Managerial 
Control of allergen risk (King 2016). Besides identifying potential problems at res-
taurants and establishing corrective actions for management of the hazard, the self-
assessment process also serves to reinforce training for employees. Corrective 
actions when any behavior or action is noted that is not in accordance with the 
established standard operating procedure (SOP) for allergen management in the 
restaurant should include removal and discard of the potentially affected food 
product(s), retraining of employees, and/or notification to the person in charge to 
ensure the SOP is revised if needed.

11.3.3  �Communicating Allergen Information to Consumers 
in a Quick-Service Restaurant

Even if customers are reluctant to make their food allergies known when dining at a 
quick-service restaurant, the restaurant needs to take steps to ensure customers 
know when an allergen might be present. Consumers with food allergies often plan 
ahead and will access a restaurant’s website prior to visiting to identify how “food 
allergy-friendly” a restaurant is. Quick-serve restaurant chains, having a limited and 
relatively constant menu across many locations, are well positioned to use their website 
to inform customers of the allergen content of their products. Current technology 
can be used creatively and effectively to allow customers to access allergen infor-
mation in real-time and also at home when planning to dine out. Ingredient informa-
tion for any product can be made available on demand at the point of service (on 
restaurant signage), via the company website, or on a mobile app available on smart 
phones. For example, a mobile app for a quick-service restaurant business can make 
it easy and fast for consumers to determine whether or not a particular menu item 
contains a specific allergen (Fig. 11.2).

The point of purchase (POP) register and software systems used for ordering and 
tracking orders at a quick-service restaurant can be taken advantage of to generate 
special labels that can be used on special orders as they are being fulfilled, and the 
presence of those labels on the final product can alert the customer that they have 
indeed received the correct product. Other examples of how the technology infra-
structure already present in a quick-service restaurant can be exploited to protect 
food allergic individuals exist. For example, if a customer inquires about  an 
allergy they have at the time of ordering, a print-out that automatically includes a 
list of a product’s ingredients with any food allergens highlighted (Fig. 11.3) can be 
generated, making it easy and fast for a consumer to know with confidence whether 
the food they are about to order contains a declared allergen. Undeclared allergens 
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(not an ingredient in the product but from other ingredients used to prepare foods in 
the kitchen) are, of course, also a concern to the customer that requires other types 
of controls discussed above.

Food in restaurants is generally not served with a label or other notification that 
could warn a customer that a potential allergen is present. However, unlike food in 
full-service restaurants, quick-service restaurant food is often packaged in a wrap-
per or container, which represents an opportunity for the restaurant to notify cus-
tomers that an allergen may be in the product. As an example, Fig. 11.4 provides an 
example of avoidance messaging by using a simple statement on a fried chicken box 
to alert customers to the presence of an ingredient that might be of concern to those 
with a specific food allergy.

As an aside, while the FDA and other scientists have agreed that highly refined 
oils such as peanut oil should not elicit allergenic reactions (Crevel et al. 2000) and 
therefore do not have to be labeled as food allergens (FDA 2004), some customers 
with severe peanut allergies habitually avoid all foods cooked in any type of peanut 
oil. The inclusion of a label such as the one depicted in Fig. 11.4  (even if for a 
refined peanut oil) clearly communicates that the product was cooked in peanut oil 
and that it may contain peanut allergens, allowing the consumer to make an informed 
decision whether or not to consume the food.

Fig. 11.2  Mobile website 
with allergen information 
(Photo produced by Josh 
King)
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Fig. 11.3  Example of 
customer print-out with 
ingredient list
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11.4  �The Future

Technology is already being used to communicate risks within restaurants, train 
restaurant employees, and provide customers with real-time food allergen informa-
tion. Technology will likely play an increasing role in communicating food allergen 
risks in the future.

In addition to developing ways to prevent food allergen problems via the meth-
ods described above, quick-service restaurants could establish the ability to delay 
and/or prevent anaphylactic reactions by medical means  that might occur within 
their facility when exposure occurs. When prevention fails, prompt treatment of 
anaphylactic reactions with epinephrine can save lives. Since reactions often occur 
within 30 minutes of allergen ingestion (Jarvinen 2011), they may become evident 
before an individual leaves the restaurant. Unfortunately, many of those with food 
allergies do not always carry epinephrine autoinjectors with them; one survey in 
pediatric patients found that only 29% of those with a prior food allergic reaction 
requiring epinephrine were carrying (or had an accompanying family member pres-
ent who was carrying) self-injectable epinephrine at the time of the survey (Curtis 
et al. 2014). The ability of restaurants to deliver emergency epinephrine injections 
to customers undergoing an anaphylactic reaction faces legal obstacles that many 
states are now trying to overcome, similar to initiatives in recent years to make epi-
nephrine available in schools. For example, the restaurant (rather than an individual) 
must be allowed to obtain an epinephrine prescription not designated for use in a 
specific person. Staff must be trained in the proper storage and administration of the 
drug and be legally permitted to administer it. Liability considerations represent 
another potential hurdle. Currently at least 27 states have passed legislation that will 

Fig. 11.4  Quick-service 
packaging including 
precautionary labeling
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make it easier for public entities such as restaurants to maintain and use epinephrine 
(FARE 2015). The availability of epinephrine at restaurants could be considered 
analogous to the presence of automated external defibrillators now found in many 
public facilities. Nevertheless, it remains important to train employees on how to 
recognize possible allergic reactions by customers and to initiate a call to 911 
immediately.

The increasing prevalence of food allergies (Branum and Lukacs 2009) will 
improve awareness to them. More and more individuals working at quick-service 
restaurants will have direct experience with food allergies, making them perhaps the 
ideal ambassadors within their organization to teach others.

11.5  �Summary and Conclusions

Quick-service restaurants face different challenges in dealing with food allergen 
risks than do full-service restaurants. Some, but not all individuals with food aller-
gies, report having more confidence eating at large chain restaurants, including 
quick-service restaurants, than at independent restaurants (Kwon and Lee 2012). 
Controlling the supply chain and ingredients, managing restaurant operations 
(including employee training), and communicating with customers are key ways in 
which a restaurant chain can prevent food allergy problems. Quick-service restau-
rants must also overcome the fear of liability: Mistakes happen; negligence is the 
real problem. Finally, promoting a culture within the restaurant that recognizes the 
significance of food allergies and makes controlling food allergens a priority is an 
important responsibility for all retail food service businesses.
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Chapter 12
Food Allergen Online Training: An Example 
of Extension’s Educational Role

Suzanne Driessen and Katherine Brandt

12.1  �Introduction

The University of Minnesota Extension uses and enriches the university’s research 
base by generating educational programming that provides value to society and 
in turn, back to the university (University of Minnesota Extension 2011). The 
University of Minnesota Extension food safety educators provide education to con-
sumers and the food industry (including small food manufacturing facilities, food 
service industry, and retail operators) to support healthy, sustainable, and safe food 
at home and away.

The University of Minnesota Extension food safety educators have more than 
15  years of experience developing and teaching food safety courses to the food 
service industry, training approximately 1000 participants annually. The University 
of Minnesota Extension team is known for their renewal online food safety course, 
reaching an average of 350 certified food managers (CFM) annually. In 2014, 6406 
CFMs in Minnesota renewed their certificate with 378 or 6% meeting the training 
requirement through the Extension’s online renewal course.

The state of Minnesota’s Departments of Health and Agriculture have estab-
lished an advisory committee composed of individuals from government, commu-
nity organizations, and industry to periodically review proposed changes to the 
state’s Food Code (Minnesota Department of Health). On January 25, 2011 the 
Minnesota Food Code Rule Revision Committee voted to adopt the Food and Drug 
Administration (FDA)’s 2009 model Food Code recommendations (FDA 2009, 
Minnesota Department of Health 2011) to require food allergy awareness training 
for food service employees. In response to this requirement and with encourage-
ment from the Food Allergen Subcommittee of the Minnesota Food Code Rule 
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Revision Committee, the University of Minnesota Extension food safety educators 
developed a web-based food allergen training program for food service employees. 
The creation of this online course is consistent with the food safety educators over-
arching mission: to sustain the high quality food safety programs that currently exist 
and to be responsive to the need for new programming that supports a supply of safe 
food throughout Minnesota. In addition, reaching more participants via technology 
is a goal of Extension’s strategic plan.

The Food Allergen Training for Food Service Employees course is a stand-alone, 
asynchronous, web-based course developed by University of Minnesota Extension 
food safety educators to provide essential information to food service employees 
regarding safe food handling for persons with food allergies. The course provides 
60 min of interactive instruction via the University of Minnesota content manage-
ment platform, Moodle, and is available 24/7 with self-access via individual or 
employer enrollment through the University’s continuing education registration 
system. The registration fee of $25 can be paid online via the course link, after 
which time registrants have 3 months to complete the course.

The goal of the Food Allergen Training for Food Service Employees course is to 
increase safe food handling practices in food service settings, thus reducing the 
incidence of food allergic reactions. The course was developed to meet the food 
allergy awareness training requirement that the Minnesota Food Code Rule Revision 
Committee recommended for food handlers. The course provides current research, 
regulations and best practices in a learner-centered and interactive format.

The course content was designed to enable participants to do the following:

•	 Explain the difference between a food intolerance and a food allergy.
•	 Understand the seriousness of food allergies and recognize major food 

allergens.
•	 Describe their role to prevent a food allergic reaction.
•	 Explain the consequences of unsafe food handling practices related to food 

allergens.
•	 Analyze menu items for the eight foods that cause 90% of the food allergic reac-

tions in the U.S.
•	 Recognize common symptoms of a food allergic reaction.
•	 Differentiate between cross-contact and cross-contamination control measures.
•	 Practice safe food handling practices to prevent a food allergic reaction.
•	 Describe the appropriate response to a food allergic incident.

In developing the course, andragogy principles with a focus on innovative tech-
nologies were used to engage the learner and facilitate understanding. The course 
content and delivery are grounded in adult learning theories and incorporate key 
principles of health education behavior change theories. Hodell’s (2000, 2011) 
instructional design process was used to develop an analysis-objective-driven cur-
riculum. The goal is to deliver the best learner-centered experience possible. 
Engaging graphics, cause and effect stories, videos, multiple interactive activities, 
and narrated content were used to appeal to the varied learning styles of food service 
employees.
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In this chapter, the Food Allergen Training for Food Service Employees course is 
showcased as an example of Extension’s outreach and educational role. An outline 
of this ready-to-use training tool designed for the food service industry is high-
lighted. Literature findings that explain how food employees learn and describe 
what food employees do not know about food allergens support the background of 
the instructional design approach. A brief overview of the educational approach 
used is included, which applied adult learning principles to build understanding of 
the online course design process. Finally, the value and impact of the course are 
summarized, demonstrating knowledge gains and behavior change of the learner.

12.2  �Literature Review

The project began by conducting a literature review to explore gaps in knowledge 
and food handling practices related to food allergens. In addition, it was critical to 
understand what was known about how food service employees learn and to identify 
effective educational approaches for the target audience. The findings were applied 
to the course design and are described in the following sections.

12.2.1  �Literature Review Findings: Food Employees’ 
Knowledge and Training Deficits

Researchers at Jaffe Food Allergy Institute (Bailey et al. 2011) found retail food 
employees had knowledge deficits about food allergens that could be harmful to 
diners. The study of 12 managers and 74 employees found:

•	 25% believed “an individual experiencing a reaction should drink water to dilute 
the allergen.”

•	 23% said “consuming a small amount of an allergen is safe.”
•	 21% thought “removal of allergen from a finished meal would make it safe.”

The Jaffe study and another (Ajala et al. 2010) demonstrated a lack of knowledge 
and considerable misinformation among food employees in regards to food 
allergens.

In addition to knowledge deficits, there are also training deficits. Minnesota 
Certified Food Managers (CFMs) and Persons-in-Charge (PIC) are required to pro-
vide food safety training to staff (Minnesota Department of Health 2014). In some 
cases, the CFMs and PICs do not have the skills or interest in training others. As a 
result, they do not provide the required training. To understand the need for an out-
side training provider, University of Minnesota Extension food safety educators 
conducted a survey in the fall of 2010 asking 73 CFMs about training practices for 
their employees and preferences for training. Results of the survey (Brandt and 
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Driessen 2010), which was not specific for food allergen training, verified the need 
and interest in an online food safety training program for food service employees:

•	 CFMs think they do an “okay” (22%, n = 16) to “fair” job (34%, n = 25) of train-
ing employees on policies, procedures and food handling practices to prevent 
foodborne illness.

•	 34% (n = 25) would “definitely use” an online course to train employees.
•	 21% (n = 15) like having a consistent provider (Extension) deliver the course.
•	 23% (n = 17) had not taken Extension’s online renewal course because they did 

not know about it, but now plan to take it in the future, illustrating how crucial 
marketing these programs are to their success.

12.2.2  �Literature Review Findings: Food Employees’ Learning 
Preferences

The literature was also reviewed to better understand how food employees learn. 
Beegle (2004) concluded that most food employees are oral culture learners. Oral 
culture learners need compelling messages in order for a food safety practice to be 
carried out 100% of the time. These messages could target prevention of a food-
borne illness or a food allergic reaction incident. Beegle recommended commu-
nicating food safety concepts to oral culture learners by use of stories and sayings 
with vivid examples to allow the employee to “feel” the impact of a behavior. They 
need to know the “why” and “how” a food safety practice relates to the food they 
prepare, serve, and sell, which may challenge previous experiences and perceptions.

Tart (2012) described the difference between print and oral culture learners. Print 
culture learners seek out written information and need details and facts (Tart 2012). 
Most regulators and educators are print culture learners. Tart also noted that most 
food safety educational materials and teaching methods are developed by and for 
print culture learners. Print messages are often misunderstood or have little meaning 
to oral culture learners. Research for the Food and Drug Administration’s oral cul-
ture learner project (Tart and Pittman 2010) tested educational materials such as 
storyboards, cause and effect posters, videos, and demonstrations, deeming these 
modalities as effective communication tools for food employees.

Food safety rules and regulations are fairly prescriptive, so why does not every-
one understand them? A lack of comprehension may be related to a preferred learn-
ing style—how one receives and processes information that impacts understanding 
and motivation. Written and detailed food safety rules and regulations make sense 
to print culture learners like regulators and food safety educators but not to most 
food service employees with a preferred learning style that is oral in nature. Oral 
culture learners trust and seek out information from people they know. They need to 
connect personally with the information to recognize their behaviors may have 
positive or negative consequences. This personal connection can have a profound 
impact on employee’s commitment to food safety and to protecting public health.
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12.2.3  �Literature Review Findings: Food Employees’  
Self-Efficacy and Cultural Background

In addition to knowledge of preferred learning styles, understanding the organiza-
tional culture and underlying health and cultural beliefs of the target audience are 
important dimensions educators and course developers should consider and under-
stand before developing educational materials (Powell et  al. 2011; Stuart and 
Achterberg 1997).

Knowledge of food safety rules and regulations is important, but it is just one 
piece of the equation. It is the practice of food safety behaviors that prevents food-
borne illness outbreaks and food allergic reactions. Research by Schafer et  al. 
(1993) used the health belief model to examine food safety practices. They found 
that understanding the threat of foodborne illness is just one way to motivate safe 
food handling behaviors. Food employees must also have self-efficacy (believe they 
are capable of performing a task) and have self-confidence that as an individual they 
can do something about food safety: in this case, prevent a food allergic reaction.

Differences in culture may impact health-related behaviors, as can differences in 
health-related beliefs (Kreuter et al. 2003). For instance, a traditional Hmong belief 
regards illness as the manifestation of the loss of spirits or souls (Cha 2003; Pinson-
Perez et al. 2005). Preventing illness may be a bigger motivator towards adopting 
good food safety behaviors for this group than other motivators such as preventing 
financial or legal repercussions to a restaurant. Cultural background not only influ-
ences behaviors and beliefs, but it can also directly influence the level of acceptance 
of a health promotion program like food safety (Kreuter et al. 2003). Training tech-
niques may need to be adjusted based on cultural beliefs to change perceptions and 
increase compliance.

12.3  �Food Allergen Training for Food Service Employees 
Course Overview

Literature review findings identified deficits in food allergen knowledge and food 
handling practices of food service employees. The literature review also found that 
organizational cultures and employee self-empowerment influence food safety 
behaviors. These findings, along with the lack of readily available food allergen 
training programs that could satisfy Minnesota’s requirement for food allergen 
training for food service employees, were gaps that extension educators sought to 
fill via a learner-centered approach in their web-based Food Allergen Training for 
Food Service Employees course.

The Food Allergen Training for Food Service Employees course is designed to 
educate food workers, food managers and regulatory and training professionals. The 
training targets a general audience working in food facilities including restaurants, 
catering establishments, school food services, daycares, community centers, 
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churches, hospitals, health care facilities, food pantries, grocery stores, food mar-
kets, cooperatives, bakeries, convenience stores, and other entities that prepare or 
sell food to the public. The key course modules (Understanding Food Allergens, 
Managing Food Allergens, and Emergency Response to Allergy Reactions) are 
applicable to various food service roles including person-in-charge, front-of-the-
house and back-of-the house duties. Waitstaff, cooks, and managers should com-
plete the entire course to understand the important role that each person has in 
responding to a food allergen request.

The course can serve as initial training for those with limited or no knowledge of 
the subject or can function as a “booster/refresher course” for those with prior 
knowledge to provide consistency of food allergen information amongst all food 
workers and managers. The course can be taken to fulfill continuing education 
requirements for Minnesota certified food managers. Finally, the course serves as a 
professional development training opportunity for new food and health inspectors 
and as continuing education for registered sanitarians and food safety trainers.

As discussed earlier, research indicates most food employees learn orally (Beegle 
2004; Tart and Pittman 2010). Oral culture learners require compelling messages to 
understand why following proper food safety practices are important. Therefore, an 
innovative storytelling approach was selected and woven throughout the course to 
appeal to these types of learners (Fig. 12.1).

In the course, learners hear Joe’s food allergen story. Joe is allergic to peanuts, 
milk, and shrimp. He travels for his job, so eating out is a necessity. Joe counts on 
employees at grocery stores, delis, cafes and restaurants to provide safe food and 
prevent an allergic reaction. Joe’s story is used to provide examples of how food 

Fig. 12.1  Course screenshot featuring Joe’s reaction
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allergy reactions might occur in a food service establishment (such as when Joe 
touches a menu that had not been wiped off after milk spilled on it). His first-person 
narrative helps the learner empathize with the food allergic consumer and under-
stand the serious implications of a reaction. The story evolves throughout the course 
so that in the Emergency Response module, Joe is hospitalized because of a mistake 
made by a food employee. The narrative uses this mistake (allergen cross-contact 
through the prior use of a serving spoon with an allergen-containing dish) to intro-
duce the concept of cross-contact. Joe’s story also demonstrates best practices for 
responding to a food allergy reaction, including calling 911 immediately, ensuring 
that the customer having the reaction remains seated, and later investigating the 
circumstances surrounding the reaction with all staff to identify and correct any 
practices that contributed to the reaction.

12.4  �Instructional Design Course Development Process

Instructional design is the practice of creating “instructional experiences which 
make the acquisition of knowledge and skills more efficient, effective and appeal-
ing” (Hodell 2000). The process consists broadly of determining the needs of the 
learner, defining the end goal of instruction, and creating “interventions” to allow 
the learner to meet the goal.

Many instructional design models have been developed to provide framework 
and templates when developing instructional products. ADDIE is the acronym for a 
five-step course design process that provides designers and facilitators the structure 
and the flexibility to develop analysis-objective-driven curriculum with the ultimate 
goal of delivering the best learner-centered experience (Hodell 2000, 2011; Peterson 
2003; Molenda 2003). ADDIE was chosen to develop the Food Allergen Training 
for Food Service Employees course because it gave designers and content experts 
the structure and focus to develop and align learner outcomes with content, activi-
ties and assessments in a user-friendly format. The ADDIE instructional design pro-
cess involves performing each of five steps—Analysis, Design, Development, 
Implementation, and Evaluation—in sequential order (Ozdilek and Robeck 2009), 
with each step laying the foundation for the next. Working through each step is 
important to create a learner-centered course that prevents student problems and 
setbacks.

The Food Allergen Training for Food Service Employees course design utilized 
the collaborative adult model of learning (Stacey 2007). In this model, the learner 
is responsible for self-monitoring and self-assessment of skills. For example, the 
course starts with a short pretest on the user’s preexisting knowledge of food aller-
gen safety. The results of this test are presented to the user only at this point; the 
same test is later given as a posttest, allowing the user to see how much they have 
learned. The collaborative adult learning model was appropriate for the wide tar-
get audience because the procedural learning approaches built into the course can 
be used with a variety of learning styles and levels of food service experience. 
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Work-based assignments (such as identifying menu items that someone with a 
specific food allergy could order) were also included to help ensure training was 
relevant to the workplace.

The educators wrote, designed and developed the allergen training course as part 
of a 10-month University professional development workshop, Learning Mostly 
Online, funded by the Office of Distance Education and Technology. The project 
team included food safety educators as subject matter experts, the food safety team 
leader as project manager, a consultant from information technology, an instruc-
tional designer and programmer specializing in e-learning, and an advisory 
committee.

Each design phase along with examples from the development of the Food 
Allergen Training for Food Service Employees course are described in the following 
sections.

12.4.1  �Analysis

The first phase of content development is to analyze and gather information about 
the target audience and to begin to focus on the project’s overall goals while outlin-
ing “big picture” content.

A curriculum advisory committee which included external consultants was 
formed to analyze information from the literature review (discussed above in Sect. 
12.2), to assess the target audience, and define the project’s specific goals (listed in 
Sect. 12.1).

The target audience was identified as food service employees (managers, wait-
staff, and cooks) in all retail food service facilities including restaurants, schools, 
day cares, health care facilities, and convenience stores. The main goal of the Food 
Allergen Training for Food Service Employees course was to increase safe food 
handling practices in food service settings, thereby decreasing food allergic reac-
tions. The course needed to provide current research, regulations and best practices 
in a learner-centered online format. The course was designed for all target audience 
members to complete the entire course to emphasize the important role each person 
has in responding to a food allergen request.

Given the target audience, an online 1-h course was identified as a convenient, 
efficient and cost-effective method of training. The U.S. Department of Labor, 
Bureau of Labor Statistics (BLS) reports a >50% turnover rate for employees in the 
food service industry (NRA 2015). This high turnover rate suggests a need for 
ongoing accessible and affordable training.

There are many benefits of online courses for the food service industry, as dis-
cussed by Lee and Kwon (2011):

•	 Cost-effective for the food service business; Bell Canada saved $632 per attendee 
by switching to online training versus classroom training.

•	 Consistent and uniform information.
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•	 Easier to update and keep current online than a written course.
•	 Self-paced.
•	 Available 24/7.

12.4.2  �Design

The second phase of content development is design. In this phase, the developer 
outlines information gathered from the analysis phase. Educational theories and 
models of instructional design best suited for the target audience are selected. The 
project team begins to “drill down” and define the course content in detail. A 
sequence and flow for the course are established, with the overall project broken 
into manageable tasks.

During the design phase, the sequence of learning modules was defined as 
follows:

•	 Module 1: Introduction—presents an overview of course content and structure.
•	 Module 2: Understanding Food Allergens—provides background on food aller-

gies, the foods associated with allergies, and symptoms of allergic reactions.
•	 Module 3: Managing Food Allergens—addresses how to respond to meal 

requests and prepare and serve food safely to prevent a reaction.
•	 Module 4: Emergency Response to Food Allergy Reactions—tackles response 

measures if an allergic reaction occurs.
•	 Module 5: Summary—offers a posttest, resources, evaluation, and certificate of 

completion.

Once the sequence of modules was established, the educators determined the 
learning objectives for the modules. The key question used to establish objectives 
was defining “what will the learner be able to do at the end of this course that they 
were not able to do before?” Learning objectives need to be consistent with the 
overall course-level objectives, be clearly specified from the students’ perspective, 
and describe measurable outcomes. Nine learning objectives were identified and 
developed for the Food Allergen Training for Food Service Employees course, as 
presented in the bulleted list found in the Introduction of this chapter.

Once the learning objectives are clear, the next step is to develop strategies for 
the learner to achieve the desired objectives and determine the assessment strategy 
to measure whether or not the desired objectives are successfully achieved 
(Fig. 12.2). This is a critical process requiring much work to ensure objectives are 
aligned with content, activities and assessment. Students should be able to 
successfully complete the assessment activity if the objectives are embedded 
throughout the content, materials, resources, and learning activities.

Using a backward design approach (Wiggins and McTighe 2005) ensures the end 
product achieves the objectives. For the food allergen course, the educators started 
with the desired outcome and worked backwards to develop the other course com-
ponents, i.e., content, activities, etc. For example, one desired outcome of the course 
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was for participants to recognize common symptoms of a food allergic reaction. The 
content was then developed that would help achieve this outcome. In an early mod-
ule, the participants are told that the symptoms of a food allergy reaction can range 
from a skin rash to difficulty breathing to death. Later in the module more detail is 
given about the variety of symptoms that can occur. Finally, a video clip with Joe 
speaking describes in his own words what it feels like to have a food allergy reac-
tion. A short quiz is included in the module to test whether participants had retained 
the desired knowledge on food allergy reaction symptoms.

Another desired learner outcome in the Understanding Food Allergens module is 
for the learner to identify the “Big 8” foods that cause 90% of the food allergic reac-
tions in the U.S. To deliver the content, the narrated presentation reviews the “Big 
8” food allergens. The learning activity engages the learner by using a memory 
enhancer to remember the “Big 8.” The assessment tool is a menu activity where the 
student decides what is safe for Joe to eat based on the content and activities thus 
far. Feedback is provided for both a right and a wrong response. Lastly, there is a 
workplace assignment to apply and reinforce the concept of reading labels for the 
“Big 8” food allergens. This example of content alignment is illustrated in Fig. 12.3.

During the design phase of course development, a detailed design document was 
created which outlined activities for the three project phases:

•	 Phase I: The Concept Proposal outlines background and context, specifies proj-
ect purpose and goals, target audiences, identifies possible and very preliminary 
learner outcomes, and includes a general description of project deliverables.

•	 Phase II: General Project Planning profiles the target and secondary markets, 
provides specific details about deliverables and technologies available and 
needed for the project, describes staffing and support to develop the course, and 
discusses stakeholders and partners, intellectual property, funding and 
marketing.

•	 Phase III: The Instructional Design Plan shapes the design and development pro-
cess, explores project staffing, project milestones and timeline, plans project 

Fig. 12.2  Backward design process starting with objectives
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management, project evaluation, and quality assurance activities, develops an 
implementation and maintenance plan, and plans budget and other required 
resources.

The design process was aided by the development of a detailed timeline identify-
ing the person responsible and a deadline for each task. Team members were 
required to commit to the timeline and carve out dedicated time to work on the 
project. The schedule included all dates from scripting to editing to programming to 
review to the final product. Highlighting dates when team members were not avail-
able helped to plan accordingly.

An outline of the final course content at the end of this phase is shown below:

	1.	 Introduction to training program, materials, disclaimer
	2.	 Understanding Food Allergens

	(a)	 What is a food allergy?
	(b)	 Know the difference between food allergy and food intolerances.
	(c)	 Identify the most common allergenic foods.
	(d)	 Identify the top eight food allergens and/or ingredients served on your menu.
	(e)	 Read labels for food allergens and hidden ingredients.
	(f)	 Identify the symptoms of an allergic reaction.
	(g)	 Understand the cause of food-induced anaphylaxis.

	3.	 Food Allergen Response

	(a)	 Food service establishment policies, procedures, response plan.
	(b)	 Establishing clear communications with customers and food preparers.
	(c)	 Avoiding hidden food allergens via cross-contact.

Fig. 12.3  Alignment of content with objectives
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	(d)	 Explain the difference between cross-contamination and cross-contact con-
trol measures.

	(e)	 Understand sources of cross-contact via shared utensils, equipment, cook-
ing, garnishing, and serving.

	(f)	 Identifying forgotten sources of cross-contact.
	(g)	 Prevention measures of cross-contact during cooking, garnishing and 

serving.
	(h)	 Corrective action if a mistake occurs.

	4.	 Emergency response to food allergy reactions

	(a)	 Food service establishment policies and procedures
	(b)	 Appropriate emergency response steps

	5.	 Summary

	(a)	 Celiac disease and gluten-free diets
	(b)	 Food allergen response: An opportunity
	(c)	 Summary
	(d)	 Online resources
	(e)	 Certificate of completion
	(f)	 Evaluation
	(g)	 References
	(h)	 Referral to our website, follow us on Twitter

12.4.3  �Development

In the third phase, development shapes the course. Details of what is needed to 
produce the product are defined. This stage of course creation involves team meet-
ings, hammering out the specific content, writing scripts, rewriting scripts, and 
creating the details of the learning and assessment activities to keep the course 
learner-focused.

During this stage, final scripts and activities were developed into storyboards. A 
storyboard is a helpful tool to capture each “screen” that will appear in an online 
course. It captures the script and the activity or assessment and illustrates what will 
appear on the screen. It also serves as a communication tool for team members and 
programmers. In addition, storyboards are a helpful check and balance system to 
make sure that content, activities, and assessment tools are aligned to meet learner 
outcomes.

When developing the storyboards, opportunities to reinforce information already 
presented or to introduce new material are often identified. In one module of the 
training, a video of Joe talking about a reaction he had in a Chinese restaurant is 
shown. While the story is ostensibly about Joe and his reaction, the training course 
also uses the opportunity to highlight several best practices that a restaurant should 
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use for food allergic guests. For example, Joe asks that his stir-fry be prepared in its 
own wok. Joe also mentions that the restaurant manager called 911 even though Joe 
had given himself an epinephrine injection. The latter “best practice” is not explic-
itly mentioned within the training elsewhere but is learned within the context of the 
story.

The story of Joe continues with his son, Mike, who recently began working as a 
prep cook at a café. Joe says that Mike will never take a wild guess in answering a 
customer’s question about an ingredient in a menu item; instead, he will ask the 
person in charge and the cook. The storytelling approach allows various viewpoints 
to be explored.

Various other best practices to prevent cross-contact are mentioned throughout 
the course in video, audio, or within Joe’s story, including the following:

•	 Thoroughly clean surfaces, serving containers, and cooking equipment before 
cooking or plating food for food allergy customers (or use dedicated 
equipment).

•	 Check ingredient labels for possible hidden allergens.
•	 Use fresh, unused cooking oil, water, broth, or liquid when cooking for someone 

with a food allergy.
•	 Store allergen-free ingredients and garnishes away from other foods.
•	 Garnishes for those with food allergies should not be taken from food bars, buf-

fets, or common service areas. Garnishing should be done with clean hands, 
gloves, or tongs.

•	 Extreme care should be taken to prevent spills or splashes when stirring or plat-
ing food to prevent sources of cross-contact.

•	 Wash hands before picking up an order to serve it to a customer. Carry it on a 
separate, clean tray or hand carry to deliver to the guest.

•	 Always verify the order with the guest when serving to prevent accidental mix-
ups with another customer.

•	 Put takeout orders in a separate bag to avoid spills or contact with other food.
•	 If a mistake is made with an order, start over; do not try to remove an allergenic 

ingredient even if it just a garnish.

Figure 12.4 shows an example assessing how well the learner can apply what 
they have learned by asking them to choose what Joe can eat from a menu.

Clicking on each item will provide an explanation for any ingredient within the 
menu item that might make it unsafe for someone with a food allergy. This exercise 
allowed some of the dangers of hidden allergens to be highlighted. For example, the 
French fries may have been cooked in a fryer that was also used to cook shrimp, or 
the brownie might have nuts in it. Butter could be present in the rice or steamed 
broccoli that is served with the baked chicken breast.

The Food Allergen Training for Food Service Employees course utilized Articulate 
software programs—Engage, Quizmaker, and Presenter—to create modules and 
bundle audio recordings, videos, quizzes, and interactive activities into an auto-
mated format. This software helped create an engaging learner assessment activity.
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12.4.4  �Implementation

The fourth phase of creation of a training program using ADDIE is implementation. 
This phase includes usability and pilot testing (making adjustments as needed), 
finalizing all aspects of the course, establishing marketing strategies, and finally 
launching the course.

Usability and pilot testing were done by six advisory committee members and 
food safety educators. Reviewers evaluated course navigation, course content and 
course design. They were given clear instructions to review the questions before 
starting the course and tracked how long it took to complete the course. Suggestions 
and input were incorporated into the final product before launching the course.

Part of the implementation plan is marketing. The primary marketing source is 
the Extension food safety website (University of Minnesota Extension 2016). 
Potential customers can learn about the course, watch the promotional video and 
register for the course at the web site (http://www.extension.umn.edu/food/food-
safety/courses/online/food-allergen-training/).

Multiple approaches continue to be utilized to reach the target audience, includ-
ing Extension’s Food Service training brochure (with distribution to 16,000+ CFMs 
and regulators), contact via e-mail to former students, Minnesota Environmental 
Health Association newsletters and meetings focused to regulatory partners 

Fig. 12.4  Menu activity screenshot
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(Minnesota Department of Health, Minnesota Department of Agriculture, etc.), 
social media (http://twitter.com/umnfoodsafety) and a promotional video (https://
www.youtube.com/watch?v=HSoFvKFOrm0).

12.4.5  �Evaluation

The final phase is to evaluate the finished course to ensure the course achieves the 
desired goals. This final phase provides supporting evidence of success or indicates 
if alterations are needed.

Three types of post-course evaluation were incorporated in the course:

	1.	 Formal testing of user knowledge (pretest and posttest) in order to certify course 
completion.

A pretest and a posttest are included within the course. Because the same five 
questions are asked in both tests (although only the user can access pretest 
results), the pretests and posttests allow the user to assess how much they learned 
in the course. Asking the same questions twice also helps reinforce the content. 
A posttest score of at least 80% is required for certification of course completion. 
While these tests are used primarily to evaluate an individual’s success in com-
pleting the course, the posttest results also provide some objective information 
on how successfully the course delivered the desired content. Examples of the 
questions asked include the following:

•	 Food allergy and food intolerance are the same medical condition (True or 
False)

•	 Touching a peanut butter cookie then a sugar cookie with the same glove can 
cause an allergic reaction in someone with a peanut allergy (True or False)

	2.	 Quantitative user feedback on the course (online)
Participants are directed to an online course feedback form upon completion 

of the Food Allergen Training for Food Service Employees course. The Life Skills 
Evaluation System (Washington State University Extension, http://ext.wsu.edu/
LifeskillsNew/) was adapted to assess the learner’s decision-making skills, use of 
resources, motivation, and self-responsibility to prevent a food allergic incident. 
Life Skills is a validated evaluation instrument for adult programming (Life skill 
evaluation system 2011). Evaluation questions measure growth in specific knowl-
edge and skills as a result of taking the course. The instrument uses a retrospec-
tive pre-course/post-course question set. Bailey and Deen (2002) suggests this 
retrospective pre-course/post-course design minimizes bias related to self-report-
ing, eliminates pre-course and post-course coding, and is simple to implement.

One of the goals for the course was to change food service worker’s percep-
tions regarding food allergen management. Both Extension educators’ experi-
ences and literature findings indicated food service workers did not take food 
allergen management seriously and believed it is the customer’s responsibility to 
prevent an allergic reaction.
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The course feedback questions ask learners to rate their attitude regarding the 
seriousness of food allergens before and after taking the course. Importantly, the 
post-course evaluation found that 96% (n = 101) of participants greatly improved 
their appreciation of the seriousness of food allergens because of taking the 
course (Fig. 12.5). These findings are consistent with those of Choi and Rajagopal 
(2013), who found positive attitude changes related to the seriousness of food 
allergies increased with training, which their study also demonstrated was trans-
lated into safe handling practices.

The post-course evaluation indicated additional positive knowledge and 
behavior changes among the initial course participants (n = 106) including the 
following:

•	 Self-efficacy to implement safe food handling practices to prevent a food 
allergic reaction: before the course, 24% felt their ability to make safe food 
handling decisions to prevent an allergic reaction was “great”; this increased 
to 95% after taking the course.

•	 Ability to list the eight foods that cause 90% of the food allergic reactions in 
the U.S.: before the course, 48% said “none” to “slight”; at completion 94% 
were able to name the offending foods.

•	 Confidence to handle a food allergic emergency: before the course, 40% said 
“none” to “slight”; confidence level improved to 94% at completion.

•	 Looking at impact and behavior change, 87% of participants said that they 
would change their food handling practices to prevent a food allergic reaction 
at their foodservice establishment.

Fig. 12.5  Effect of course on appreciation of food allergen seriousness

S. Driessen and K. Brandt



213

	3.	 Qualitative 3-month post-course evaluation (phone interview)
A 3-month post-course evaluation research study was conducted to assess 

knowledge retention, behavior change and system changes for individuals 
trained via the Food Allergen Training for Food Service Employees course. A 
literature review of evaluation techniques along with consultation with an 
Extension evaluation specialist determined a qualitative questionnaire via in-
depth interview was the best instrument for the 3-month post-course follow-up 
evaluation study. This rigorous in-depth interviewing method requires fewer 
respondents (5–30), as more information can be collected by asking open-
ended questions to gain in-depth understanding of the participant experience 
and identify themes representative of the population studied (Dworkin 2012). 
A quota selection sampling of 24 was utilized to include anyone who com-
pleted the course as tracked through the course content management system. 
Recruitment via e-mail to “opt in” or “opt out” recruited eight subjects (five of 
whom were CFMs) for the study.

The research study was conducted to address the following questions: (1) Did 
the course result in transfer of knowledge at the workplace to prevent food allergic 
reactions? (2) Did the course result in transfer of skills at the workplace to prevent 
food allergic reactions? (3) Did the course result in a policy or organizational 
change at food service establishments?

Questions included the following examples:

•	 Are online courses like this one a good way for employees to learn about food 
safety information?

•	 Since the course, have you observed improved food handling behaviors 
related to food allergens?

•	 Did the course result in a policy or some type of organizational change at your 
food establishment?

All of the CFM respondents felt that online courses were an effective way for 
employees to learn about food safety information. Sixty percent of participants 
implemented procedures to prevent food allergen cross-contact in their workplace 
following completion of the course. An example that was shared was having a des-
ignated peanut butter sandwich preparation area. Study results (Brandt and Driessen 
2013) also indicated that 80% of the respondents planned to share or incorporate 
food allergen training within their food safety training programs. However, 40% 
still felt food allergens were not an issue in their food service operation, emphasiz-
ing the need for continued food allergen training in all food service establishments. 
This is a particular challenge when food allergen training is not incorporated into 
the food safety culture because a customer with a food allergy may walk into a food 
service operation at any time.
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12.5  �Additional Tips and Recommendations to Consider 
for Online Course Development

To design and develop an effective learner-driven online course requires careful 
planning, time, and resources. Consider the following recommendations for online 
course design:

•	 Time, resources and commitment from all stakeholders are key factors to design 
and implement an effective learner centered course. Synergism truly makes a 
better course.

•	 Recruit an advisory group of food service industry, regulatory, and Extension 
representatives to guide the course of action on content, provide feedback on 
course development, and field-test the course.

•	 The Food Allergen Training for Food Service Employees course was selected for 
a third party scholarly review by Quality Matters (QM), the current quality 
assurance “gold standard” for learner centered online education, and was certi-
fied as meeting Quality Matters review standards. The use of such a rubric 
throughout the development and review process (https://www.qualitymatters.
org/rubric, University of Maryland) to evaluate all course components can be 
valuable in demonstrating to others the quality of your course (Quality Matters 
Rubric 2015).

•	 Take the time to complete an instructional design document. It is your course 
blueprint. Include your goals, target audience, course overview, course and mod-
ule objectives, course outline, implementation plan, evaluation plan, staffing 
plan, and marketing plan for the project. This should be a flexible document as it 
will change and be updated as the project moves forward. Have a vision of what 
you want the course to look like so when you brainstorm with programmers, 
course designers, support staff, and others you can identify what is and is not 
possible. For example, Extension’s course development team wanted to create 
their own video segments but soon found out it was not feasible due to staffing, 
budget and timeline constraints.

•	 Be realistic about the time required to fully develop a course. It was a 10-month 
process to develop the Food Allergen Training for Food Service Employees 
course. Dedicate the needed time to do it right.

•	 Evaluate each team member’s strengths, skills, likes, and dislikes to determine 
roles and assignments. It will be a better product and process if team members’ 
contributions align with their strengths.

•	 Communication is key! Deviations from the schedule can occur. Have a backup 
plan, ask for help, shift things around, and keep everyone informed about the 
changes.

•	 Designate someone who wants to be the project manager or outsource this role. 
It is critical to have a point person to keep the project on track and schedule. 
Build in time for changes and updates to the course after pilot and usability 
testing.
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•	 Connect with Cooperative Extension in your state or county. Extension contrib-
utes to and draws upon University research to develop and deliver effective edu-
cational programs. It is a two-way process—Extension’s educational model 
requires strong partnerships and networks. Successful Extension work provides 
value through education as indicated by our program outcomes and impacts.
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Chapter 13
Allergen Control at Home

Binaifer Bedford

13.1  �Introduction

For many families in the U.S., discussions surrounding safety at home have evolved 
beyond babyproofing a residence or fire safety protocols. The increasing prevalence 
of food allergies in the U.S. has added strict allergen avoidance as a new dimension 
to the safety landscape for food allergic individuals and those who care for them 
(Gupta et al. 2011). The effort to minimize risk, encourage good health, and ensure 
the emotional well-being of the food-allergic family member(s) in a home environ-
ment manifests itself in many forms. Approaches to controlling allergens at home 
often vary depending on the allergic individual, family situation, and personal phi-
losophy. This chapter delves into general factors to consider when developing a cus-
tomized food allergen control plan best suited for the unique needs of each family.

While studies by Bock, Muñoz-Furlong, Xu, and others have documented that 
the majority (>65%) of fatal food-related anaphylactic reactions occur outside the 
home (Bock et al. 2001, 2007; Muñoz-Furlong and Weiss 2009; Xu et al. 2014), 
much can be learned from each situation. Some common factors that may have 
contributed to the tragedies include delayed administration or lack of available epi-
nephrine, coexisting health conditions such as asthma, the age of the food allergic 
individual (primarily teens and young adults), and the type of food (cookie, candy, 
Asian food) or allergen (peanuts, tree nuts, milk, seafood) consumed. Educating 
food allergic individuals and those who care for them to promptly recognize the 
signs/symptoms of a reaction and to respond immediately by using an epinephrine 
auto-injector and calling 911 can result in a favorable outcome, especially for high-
risk patients with asthma. Encouraging the food allergic consumer to seek allergen 
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information on a product label, clearly communicate their food allergy, and assess a 
food establishment’s ability to serve “safe” meals can help minimize the risk of an 
adverse reaction. Awareness of foods that are considered high risk for some allergic 
individuals based on product recalls is another factor to consider. For example, milk 
allergic consumers and their caregivers should be aware that bakery, chocolates/
candy/confections, and dessert food categories are considered high risk for unde-
clared milk allergens (Gendel and Zhu 2013; Gendel et  al. 2014). Similarly, the 
avoidance of some ethnic restaurants (i.e., Thai, Chinese, and Indian) that com-
monly use ingredients like peanuts and tree nuts in many recipes is also recom-
mended unless there is a favorable record of a particular restaurant’s ability to 
successfully serve food-allergic customers.

Understanding these risk factors and considerations can help one develop and 
strengthen an allergen control plan for the home. Ideally, the plan should include 
personal/family philosophy on the extent of allergen introduction into the home, 
product label review, identifying entry points, minimizing cross-contact situations 
and strategies for social events involving carryout restaurant food or pot-luck meals. 
Finally, the plan should include education/training for family members/visitors/
caregivers on the symptoms of an allergic reaction, how to use an epinephrine auto-
injector and the procedures for following the medical emergency plan.

13.2  �Family Philosophy and Sibling Considerations

The development of a verbal or written home allergen control plan allows for early 
discussions surrounding the family philosophy with respect to food allergens and 
determining what is best for the affected individual(s) and other family members. 
Clearly defining the ground rules for the introduction or avoidance of specific aller-
gens into the home sets the tone for the level of comfort or the degree of vigilance 
that must be maintained in the home environment. Factors that often need to be 
considered include the age and maturity level of all household members (food aller-
gic individual(s), siblings, extended family living in the same residence), the num-
ber of allergens that must be avoided (single or multiple food allergens) and other 
special medical, dietary or nutritional needs within the immediate family. For exam-
ple, a family with only one child having one food allergy may decide to allow the 
allergen into the home if they are able to provide appropriate controls to minimize 
accidental exposure. On the other hand, some families with multiple young children 
or those having to control for multiple allergens may choose to exclude the 
allergen(s) from the home environment, especially if there is low confidence in their 
ability to contain and limit the spread of the allergen(s) throughout the residence. In 
contrast, other families might find that excluding multiple allergens for all members 
of the family is too restrictive and challenging from a nutritional perspective, so 
they devise systems that allow and control allergens in the home. Again, it is impor-
tant to remember that there is no right or wrong approach regarding the extent of 
food allergen introduction into a home, and each situation is unique.
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Periodic reassessment of the allergen control plan allows for increased 
responsibility and participation of the food allergic member in the decision making 
process in an age-appropriate manner. A good time to re-evaluate allergen controls 
in the home is after the annual physician/allergist appointment when the patient’s 
medical history is reviewed and reassessed. Likewise, incidents involving a serious 
allergic reaction can also modify the family philosophy and may result in changes 
that increase safeguards to the home allergen control plan. Ultimately, the decision 
to include or exclude allergens from a home is a personal/family choice that depends 
greatly on the specific situation and is typically modified based upon the past and 
current history of reactions.

13.3  �Label Review and Entry Points

13.3.1  �Reviewing Labels for Allergen Statements

Whether a family chooses to exclude the allergen(s) from the home or control the 
introduction of the allergen within the home environment requires reading labels. 
The Food Allergen Labeling and Consumer Protection Act (FALCPA) of 2004 went 
into effect in 2006 and required all FDA-regulated prepackaged foods to clearly 
disclose the presence of the eight major food allergens (peanuts, tree nuts, milk, 
egg, soybeans, wheat, fish, and crustacean shellfish) in food products sold in the 
U.S. on product labels using plain English when added intentionally as a food ingre-
dient (FDA 2004). Details regarding FALCPA, allergen labeling requirements, and 
exemptions (highly refined oils) are explained in depth on the FDA website and in 
the Food Labeling Guide (FDA 2013). Additionally, it should be noted that the spe-
cific type of tree nut (e.g., walnuts, pistachio, almonds, or pecans) and species of 
fish (e.g., trout, cod, or salmon) or crustacean shellfish (e.g., crab, lobster, or shrimp) 
are required to be clearly declared on the ingredient statement.

Two acceptable formats for allergen declarations on product packaging are illus-
trated in Fig. 13.1 as shown below (FDA 2013).

It is also important for the consumer to understand that the use of precautionary 
or advisory labels is not regulated. Since FALCPA went into effect in 2006, there 
has been a proliferation of phrases on packaged products such as “may contain …,” 
“processed in a facility with …,” “made on shared equipment with …,” “may con-
tain traces of …,” and many other similar statements, which leads to ambiguity 
regarding the presence of an allergen in a product and consequently, risk-taking 
behavior on the part of some consumers (Pieretti et  al. 2009; Crotty and Taylor 
2010; Ford et al. 2010; Hefle et al. 2007).

Products bearing an advisory or precautionary label statement pose a dilemma 
for some consumers since they might contain allergens at levels that can elicit an 
allergic reaction (Gendel and Zhu 2013; Pieretti et al. 2009; Simons et al. 2005). 
Due to this uncertainty and lack of regulation surrounding the use of these label 
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statements, many food allergic consumers chose to purchase products that do not 
list the allergen on the ingredient statement or seek items that are produced in dedi-
cated facilities that are allergy friendly or free from the allergen of concern.

Families who choose to avoid the introduction of the select allergen(s) into their 
home frequently decide to avoid purchasing food products with advisory claims in 
an attempt to keep their home a safe haven for the food allergic family member(s). 
While FALCPA applies to FDA-regulated products, the food allergen labeling 
requirement is not mandated under U.S. Department of Agriculture (USDA) Food 
Safety and Inspection Service (FSIS). However, the FSIS has issued guidance docu-
ments and best practice recommendations for meat and poultry products with 
respect to the control and declaration of allergens (USDA-FSIS 2015).

Similarly, it is also important for the consumer to understand that the Department 
of the Treasury’s Alcohol and Tobacco Tax and Trade Bureau (TTB) has authority 
over most alcoholic beverages, and the labeling of allergenic ingredients per 
FALCPA is not mandated for TTB regulated products (FDA 2014a; TTB 2012; TTB 
2014). The young adult consumer with food allergies should especially be aware of 
this fact and understand that many alcoholic beverages may not list allergens on the 
label. The exception to the TTB regulated products are the select FDA-regulated 
alcoholic beverages which include certain beers made without traditional beer 
ingredients (FDA 2014a). Consequently, the breadth and depth of label review typi-
cally extend beyond FDA-regulated food and beverage products to also include 
merchandise under the oversight of the USDA and TTB, with each agency issuing 
different allergen-related guidance documents.

Fig. 13.1  Example of major food allergen declarations on labels for foods sold in the U.S. (Source: 
FDA Guidance for Industry: A Food Labeling Guide (FDA 2013))
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Family discussions regarding label review, avoidance or acceptance of products 
with advisory labels, and understanding the potential risks regarding the presence of 
allergens in products with precautionary statements provide a foundation surround-
ing the extent of allergen controls that may need to be considered when developing 
an allergen control plan.

As simple as label review sounds, this task demands time, attention and concen-
tration, especially as it is required for nearly every food item that is purchased. 
Consumers who are allergic to other foods beyond the eight major allergens that are 
regulated by the FDA must exercise additional vigilance when reading labels. 
Shopping with infants, toddlers, and young children can also add an element of 
distraction and result in quickly scanning a label and inadvertently purchasing a 
product with an allergen or advisory label. One strategy to help minimize such 
errors involves reading the ingredient statement multiple times, often reading the 
ingredient statement forward and then in reverse order for the allergen of interest. 
Recruiting another individual to double check the label statement is also helpful. 
As food-allergic children grow older, it is often useful to involve them in the label 
reading process to build “safe” habits/behaviors and to gradually shift the allergen 
management responsibility to them in age-appropriate ways.

13.3.2  �Food/Beverage Allergen Entry Points

Entry points for the introduction of allergens into a home typically arise from shop-
ping trips to the grocery store, carryout or delivery of restaurant food, pot-luck food 
items, treats brought home from school/work/sporting events, and scenarios involv-
ing celebrations or holidays.

The most obvious way to control allergen introduction or entry into a home is 
through label review of food items during grocery shopping. The accuracy of the 
manufacturer’s product labels per FALCPA either builds trust and loyalty to a brand 
or can diminish it if the manufacturer is subject to frequent allergen-related recalls. 
Consumers who permit the entry of the allergen(s) into the home as the direct prod-
uct (e.g., liquid milk, shell eggs, peanuts, and tree nuts) or in the form of products 
bearing a precautionary statement must carefully consider the implementation of 
cross-contact controls to avoid unintentional exposure to the food allergic 
individual.

Ordering carryout meals from restaurants presents a situation that is similar to 
dining out. A recent study by the Center for Disease Control (CDC) highlighted that 
important gaps exist regarding food allergy knowledge and attitudes among restau-
rant managers and staff (Radke et al. 2016). Ideally, it is best to purchase carryout 
food from restaurants that have successfully served allergy friendly meals. If pos-
sible, investigate the restaurant in person instead of inquiring by phone. Begin the 
discussion with the appropriate individual, usually a manager or chef, during non-
peak meal times. Obtain information regarding the restaurant’s ability and willing-
ness to work with customers having special dietary needs. Ask questions regarding 
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staff training on allergens, meal preparation, use of dedicated equipment (fryers, 
grills, waffle irons, cutting boards, etc.), how the kitchen staff avoids cross-contact, 
and similar prompts.

Excellent resources for dining out for individuals with food allergies are now 
available online and highlight best practices that can be used when placing carryout 
orders as well (FARE 2017a). Ensuring clear communication and establishing trust 
with the food service provider can minimize the entry of unintended allergens into 
the home and decrease the risk of an allergic reaction. Additionally, some food aller-
gic families opt to avoid the delivery option with carryout food to further minimize 
the number of transfers involving individuals who handle the meal (from the restau-
rant staff to the delivery driver) and feel more comfortable when the meal is picked 
up directly from the controlled environment of the restaurant kitchen.

Other entry points for allergens into the home include pot-luck dishes prepared 
by friends in a home kitchen environment, a retail food service operation such as a 
grocery store deli, coffee shops or bakeries. The same approach with questions sim-
ilar to those used for restaurants and carryout situations is also applicable to these 
scenarios.

13.3.3  �Non-food Products: Hidden Allergen Entry Points

Non-food or beverage items that are intended for ingestion must also undergo label 
scrutiny for the presence of allergens as ingredients or advisory/precautionary state-
ments. This includes products such as vitamins, dietary supplements, protein pow-
ders, or medicines.

Families that choose to avoid the introduction of specific allergens into the home 
often look at other potential sources of allergen entry including dermal contact. 
With the expansion of botanical and natural products on the market, it is now com-
mon to find a variety of food allergens in products that are intended for topical 
application. This may include items such as soaps, lotions/creams, lip balms, hair 
and nail care products, cosmetics, oral care products, household cleaners/polish, art/
craft supplies, and even potting soil/compost (Kim 2011). Case studies in the litera-
ture have documented that some individuals can react to food allergens in cosmetics 
and soap (Glaspole et  al. 2007; Laurière et  al. 2006; Pootongkam and Nedorost 
2013). Dermal allergic reactions have also been attributed to products such as milk 
in soaps/cleansers, hydrolyzed wheat protein in cosmetics/shampoo/conditioner, 
and tree nuts (e.g., almond or walnut) in exfoliant cleansers. Common complaints 
included exacerbated eczema or an allergic reaction involving hives/rash for some 
sensitive individuals. Consumers should also know that cosmetic products as well 
as their ingredients and labeling are not covered under FALCPA and do not require 
FDA approval (FDA 2017).

Another common entry point and source of inadvertent exposure to food allergens 
is pet food. Controls surrounding the handling of pet food or accidental ingestion of 
the product are of concern especially in homes having toddlers or young children. 
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Family philosophy regarding food allergens in pet food also needs to be considered 
beyond label review to determine if there are food alternatives for the pet that do not 
contain the allergens of concern. Awareness of this hidden source of allergens and the 
potential to transfer it to other areas of the home by the pet or young children is an 
important factor to consider when obtaining a pet or changing the pet’s diet.

At the other end of the spectrum are families who choose to allow allergens in 
their home in various forms, but have safeguards in place to minimize risk and con-
trol the spread of the allergen. Label review still plays an important role in the deci-
sion to permit allergens into the home environment, but the introduction of allergens 
means an additional level of vigilance and hand-washing may be needed to mini-
mize accidental exposure due to cross-contact. If an allergen-containing pet food is 
permitted in the home, avoiding the saliva and dermal contact when interacting with 
the family pet is essential for sensitive individuals. For example, peanut butter or 
fish (salmon) are a common ingredient in some dog treats and dog food and require 
extra caution in households that are controlling for peanut or fish allergens.

13.4  �Cross-Contact Controls

Personal experiences and philosophy guide each individual family with respect to 
the level of cross-contact controls for allergen management within their home. 
Environments where allergen entry is restricted often have fewer controls within the 
household beyond label review and handwashing. For situations where allergens are 
allowed into the home, cross-contact controls typically begin in the kitchen. Factors 
that need to be considered include physical segregation of allergenic products dur-
ing storage, transfer of label and allergen information if products are not kept in 
original packaging, timing/sequence for meal preparation (i.e., allergen-free meal 
first), use of dedicated utensils/tools/equipment, zoning/restriction regarding seat-
ing arrangement, and effective cleaning.

Special attention to details such as the organization of storage space is needed to 
avoid cross-contact. Allergen segregation within the refrigerator, freezer, or pantry 
where food will be stored is a common technique. Specific shelves, bins or containers 
for products containing the allergens are typically used and often kept out of reach of 
young children. Establishing a consistent labeling system that also includes the trans-
fer of label and allergen information to secondary containers helps ensure that products 
are clearly identified as either allergen-free (i.e., safe for consumption) or containing 
the allergen. This step is critical in communicating and minimizing allergen risks.

Allergen cross-contact controls before meal preparation begin with thorough hand 
washing and ensuring that food preparation and cooking surfaces are clean. The 
sequence in food preparation is also important and when possible, it is desirable to cook 
the allergen-free meal first in order to reduce the chance of exposure to the allergenic 
food. During meal preparation, dedicated cutting boards, cookware, utensils/cutlery, 
dishware/china can be employed to minimize the potential of allergen transfer.
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Some families also choose to have dedicated equipment for kitchen items that are 
difficult to clean, such as toasters and waffle irons, to avoid cross-contact with 
breads or batters that may include allergens such as wheat, milk, egg, or nuts. Fryers 
and shared cooking oils are also sources of potential allergen cross-contact (Lehrer 
et al. 2007; Lehrer et al. 2010). The use of dedicated fryers can minimize the trans-
fer of allergens from one food product to another. Awareness of actions and behav-
iors during meal preparation is important to avoid simple cross-contact scenarios. 
For example, it is imperative to remember not to accidentally use the same knife to 
spread dairy butter or nut butters on bread and then insert the same knife into a jelly/
jam container, thus unintentionally resulting in a cross-contact situation with the 
jam/jelly and various allergens (wheat, milk, peanut, or tree nuts) that are not on the 
product label. The same holds true for the dangers surrounding other shared utensils 
such as stirring a cup of coffee containing milk, then reusing it in another food prod-
uct, thus increasing cross-contact risks.

Creating dedicated seating space in the kitchen or at the dining table as an 
allergen-safe zone is another option that some families find helpful as a way to con-
trol the spread of allergens within the home, especially when young children and 
siblings are involved. One mother shared her strategy to protect her 3-year-old son 
with multiple allergies (milk, egg, peanuts, and tree nuts) from accidental exposure 
that could arise from kitchen interactions with his 7-year-old and 2-year-old sib-
lings. In addition to preparing allergen-free meals first and having designated color-
coded cups, dishware, and seating arrangements, additional precautions were taken 
with the younger toddler by using cups with lids and straws to minimize milk spills. 
The allergic 3-year-old was educated on the dangers of using cups or utensils from 
others, lessons that were learned as a result of several accidental exposures and 
resulting emergency room visits from daycare mishaps. This family understood the 
dangers of sharing cups, utensils, and straws that may contain the allergen and 
placed a high priority on the need to have dedicated dishes/cutlery to easily identify 
containers having the allergen-free food for the child (FARE 2016; Kim 2011). 
Awareness of the persistence of allergens in saliva has also been documented and is 
a cross-contact concern (Brough et al. 2013; Kim 2011). The potential for acciden-
tal transfer of minute amounts of allergen through saliva by others who had previ-
ously eaten allergen-containing food also reinforced the need to avoid sharing cups 
and utensils.

Restricting food consumption to the kitchen and dining areas helps minimize the 
spread of food allergens throughout the home and allows for effective and prompt 
cleaning of surfaces with general household cleaners (Perry et  al. 2004; Watson 
et al. 2013) and preferably single-use disposable wipes or paper towels. Sponges are 
not typically recommended since they can also harbor bacteria and transfer micro-
organisms from one surface to another (Mirlei Rossi et al. 2013; Biranjia-Hurdoyal 
and Latouche 2016). If sponges are used, it is a good practice to frequently replace 
them and to have dedicated sponges for a specific purpose to minimize the transfer 
of allergen(s). Handwashing dishes thoroughly with warm water and dish soap or 
pre-rinsing dishes to remove visible residue prior to placement in a dishwasher is 
highly recommended (Brough et al. 2013; FARE 2016).
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13.5  �Communication, Education, and Emergency Care 
Training

Maintaining effective allergen controls within the home involves communication 
and education not only among family members and relatives, but also visitors, 
guests, babysitters, and others. Depending on the situation, it may be appropriate to 
tactfully share the importance of hand washing before and after meal preparation 
and dining. Communicating the family philosophy regarding the introduction of 
allergens into the home, whether it is in the form of a pot-luck meal, carryout food 
or edible gift, is important for the minimization of allergen transfer within the home. 
For example, one family experienced a situation where the babysitter came to the 
home eating a peanut butter sandwich, forgetting the fact that the children to be 
placed in the sitter’s care had peanut allergies. The situation was resolved with a 
request for handwashing upon entry to the home and a review of the allergens of 
concern, as well as the emergency care plan.

The emergency care plan typically contains important information regarding 
signs and symptoms of an allergic reaction, instructions on how to administer epi-
nephrine, phone numbers and procedures for calling emergency responders, and 
other emergency contact details in the event of a food allergic reaction. A variety of 
sample emergency care plans are available online for consumers to download and 
use (FARE 2017b). The completed emergency action plan with contact phone num-
bers is usually located in close proximity to the epinephrine and telephone. Some 
food allergic individuals also choose to wear a medical bracelet or tag to identify 
their health condition in case of an emergency.

It is critical that the allergenic individuals, family members, and primary caregiv-
ers be trained to recognize the signs and symptoms of an allergic reaction, know the 
location of the epinephrine and how to administer the medication via an auto-
injector. Many families keep extra epinephrine in the kitchen or dining area where 
food is typically consumed and understand the need to use the epinephrine quickly 
and call 911 immediately in case of a reaction. Semi-annual or annual refresher 
training for the caregiver and the allergic individual is helpful, especially when the 
allergic child is old enough to self-carry and self-administer the epinephrine. The 
refresher training is also a good time to double-check the expiration date on the 
epinephrine and ensure that the epinephrine, antihistamines, asthma inhalers, and 
other medications have not expired.

Open communication between the allergist and patient/parent(s) is an important 
factor in determining the extent of allergen controls that may be needed. Prior aller-
gic reaction history, other health concerns including asthma or eczema, and dietary 
or lifestyle preferences (vegetarian/vegan) also impact the general health and 
nutritional needs that must be met to enjoy a safe and healthy life. Involving dieti-
cians/nutritionists and sharing experiences with other food allergic families through 
support groups and non-profit advocacy organizations provide additional forms of 
communication, education, and support.
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13.5.1  �Communicating Inadvertent Allergen Exposure

One of the new regulations issued in 2016 as part of the Food Safety Modernization 
Act (FSMA) requires a food facility to implement allergen controls. The final rule 
on Preventive Controls for Human Food covers many areas including the inadver-
tent introduction of allergens as a result of cross-contact. Along with establishing 
requirements for allergen controls, FSMA also strengthened FDA’s authority to 
order a mandatory food recall (FDA 2016a). Published reports by Gendel et  al. 
(Gendel and Zhu 2013; Gendel et al. 2014) have documented the continued rise in 
food allergen-related recalls to the Reportable Food Registry (FDA 2014b) and 
highlighted the high-risk food categories commonly involved in allergen-related 
recalls.

While both the Preventive Controls rule and FALCPA require reliable and accu-
rate allergen information is provided on food labels to help protect the allergic pop-
ulation, consumers need to be aware that undeclared allergens are sometimes present 
in food products and can pose a risk to susceptible individuals. If a food product is 
suspected to have caused an allergic reaction due to an undeclared allergen(s), the 
following specific steps can be taken to help communicate information to the FDA 
after emergency care has been provided.

•	 If possible, keep the suspected food product in original packaging and record 
information or photograph the product label including product name, ingredient 
statement, lot number, and expiration date. Place the product in a secondary 
Ziploc bag and freeze the product if it is needed at a later date.

•	 Contact the FDA Consumer Complaint Coordinator for your region by phone or 
online; details for how consumers can report an adverse event or serious problem 
to FDA can be found on the FDA website (FDA 2016b), which describes four 
ways in which such voluntary adverse events can be communicated to the FDA:

	1.	 Report Online
	2.	 Consumer Reporting Form FDA 3500B. Follow the instructions on the 

form to either fax or mail it in for submission.
	3.	 Call FDA at 1-800-FDA-1088 to report by telephone
	4.	 Reporting Form FDA 3500 commonly used by health professionals.

In addition to contacting the FDA, the consumer may also want to report the 
adverse reaction to the manufacturer.

13.6  �Summary and Conclusions

The decision to avoid or allow allergen introduction into a home is deeply personal 
and unique for each family. There are no “right or wrong” answers. The ability to 
adapt and modify the home allergen controls as a child grows or as the situation 
changes is key. Some families may initially have a lower degree of allergen controls 
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in a home and may later modify it by increasing the safeguards if an anaphylactic 
reaction is experienced. Others may choose to have a high level of vigilance and 
attempt to avoid reactions to the greatest extent possible. Risk management for the 
food allergic individual, their families, and those who care for them is constant. 
Reading labels, effectively managing cross-contact risks, communicating, educat-
ing, and planning in advance for an emergency is a part of daily life for the food 
allergic individual and their caregivers.
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Chapter 14
Allergen Control for College and University 
Dining Service

Kathryn Whiteside, Lindsay Haas, and Marissa Mafteiu

14.1  �Introduction

Food Allergy Research and Education (FARE) has recently created best practice 
guidelines for managing food allergies on a college campus. This is crucial because 
adolescents and young adults have the highest risk of food-induced anaphylaxis. 
The number of adolescents under age 18 with food allergies has increased by 50% 
between 1997 and 2011 (FARE 2014). These individuals may have help handling 
their allergies during primary education and while living at home, but are required 
to become autonomous when coming to college.

The eight major allergens that make up 90% of the food allergies in the U.S. are 
wheat, soy, milk, egg, peanut, tree nut, fish, and shellfish. The Americans with 
Disability Act (ADA) has recently declared that food allergies and celiac disease 
can qualify as disabilities because they put limitations on eating, a major life event 
(ADA 1990). Eating in the dining halls or retail cafes is an important part of a col-
lege student’s social life, and every student should have access to safe food and be 
able to eat with their fellow students. The Association on Higher Education and 
Disability (AHEAD) encourages students to document their food allergies or celiac 
disease as a disability with the school to ensure that safe foods will be made avail-
able to them (AHEAD 2012). Managing food allergens is necessary to minimize the 
likelihood of adverse reactions when students dine at campus food-service estab-
lishments. Allergen control will be different for each school depending on the 
resources available to implement the protocols listed below.
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This chapter serves as a resource to other colleges and universities who strive to 
develop a policy to provide safe accommodations to their students living with food 
allergies or celiac disease. General best practices are described in regard to obtain-
ing documentation of students’ dietary needs, various serving solutions, necessary 
staff training required, and emergency response plans. Tracking allergens and glu-
ten throughout procurement, storage, production, and service is also discussed, in 
addition to strategies to avoid cross-contact at all stages. Examples of resources 
used by the University of Michigan to provide students with allergen and ingredient 
information are illustrated as well.

14.2  �Best Practices

Creating a system to ensure inclusivity and safety requires an interdisciplinary 
approach across campus. Published policies and procedures for how food allergies 
will be accommodated is one of the first steps that should be taken by the university 
to support diners. Dining, residential, disability and health services are involved in 
developing food allergy policies and distributing them to parents and students when 
a food allergy is reported. The policy should outline documentation that the student 
may need to provide, accommodations that can be made in dining and housing, staff 
training requirements, emergency response, allergy labeling provided, front-of-
house and back-of-house procedures, and student responsibilities.

FARE held two college summits with key subject matter experts to help develop 
allergen standards for colleges and universities. There were representatives from 
over 50 schools in addition to delegates from AHEAD, the Department of Education, 
and other leading experts. Students and parents also attended and provided input 
into the development of these recommendations. These guidelines were published 
in 2014 (FARE 2014) and were piloted in 12 campuses across the country including 
University of Michigan.

The guidelines recommended that School policies regarding allergen manage-
ment should provide the following broad requirements (FARE 2014):

•	 A campus-wide approach
•	 A transparent process to meet student needs without being burdensome
•	 A comprehensive food allergy policy
•	 Emergency response plans and training
•	 Confidentiality

The food allergy policy must be available across campus to staff and students, 
with online links to a centralized resource that provides the written policy, important 
contact information, and any required documents. The policy can be written within 
the university’s disability policy or exist as a stand-alone policy that includes a pro-
cess for students to declare their allergies and necessary accommodations. Staff 
training should be required so staff is aware of the policy and which components 
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they are responsible for implementing. Training and implementation will vary based 
on the organizational structure of the campus and how the policy is written.

14.2.1  �Documentation

Students can benefit from documenting their food allergies with the school so that 
the department overseeing allergen control is aware of their specific needs. The 
department can help facilitate communication between the student and personnel at 
the dining hall they are most likely to utilize during their stay. If the school has a 
Registered Dietitian, they can also meet with students to inform them of available 
resources and how to access safe, nutritious meals. Ultimately, it is up to the student 
to declare their food allergy, celiac disease, or other dietary needs to the university. 
There should be multiple opportunities for them to do so after being admitted, 
including when filling out housing applications or student health care forms, pur-
chasing a meal plan, during orientation or open houses, on the school’s website, etc. 
(FARE 2014). Other avenues to prompt students to disclose their dietary need may 
include campus tours for prospective students, social media, and printed materials 
sent to students. Giving students multiple chances to report their dietary require-
ments and providing knowledge of the resources on campus will increase the likeli-
hood of documentation and subsequent accommodations for them while on 
campus.

AHEAD states that a university should evaluate a student’s disability and accom-
modation needs on a case-by-case basis (AHEAD 2012). It is important to recog-
nize that an equivalent disability may not require the same accommodations for 
other students. AHEAD advocates for documentation of food allergies or dietary 
restrictions to protect against discrimination and/or harassment (AHEAD 2012). 
Schools are legally obligated to accommodate students who register their food 
allergy as a disability, ensuring that they receive equal service and variable safe din-
ing options. Food allergy documentation requires a statement from the student’s 
physician within the last two years, as some food allergies can be outgrown. Celiac 
disease documentation should also come from a physician but does not need to be 
recent since it cannot be outgrown (FARE 2014).

The decision to require medical documentation of a student’s food allergy or 
dietary restriction is at the university’s discretion; while it is encouraged in case of 
emergency or to obtain disability services, the university can choose to serve all 
self-reported dietary needs equally regardless of the etiology. However, medical 
documentation may be required to exempt a student from a mandatory meal plan 
while living on campus. Medical documentation records should be stored with the 
department overseeing food allergy accommodations in a secure location and only 
accessed by designated personnel. Electronic backups of the records can ensure that 
they are not lost.

14  Allergen Control for College and University Dining Service
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14.2.2  �Accommodations

A central department (e.g., Dining services) should handle food allergy accommo-
dations, the implementation of the policy, and serve as an advocate for students with 
food allergies on campus. However, representatives in other departments should aid 
in outreach to inform students of the food allergy resources on campus. Once a 
student’s dietary needs are reported to the central department handling food aller-
gies and accommodations, they should be encouraged to also register with the 
school’s disability services department. This department can ensure that the stu-
dent’s professors are informed and necessary extensions are given in the case of 
food-related emergencies. Without proper documentation, the school might not 
have the authority to provide these services to students.

The food allergy policy will state who is responsible for implementing accom-
modations for students with food allergies or celiac disease and outline how this 
information will be provided to the student. Each student may have specific accom-
modations that fit their needs. Accommodations specifically related to student din-
ing may include (FARE 2014):

•	 Identifying foods free of or containing allergens at every meal
•	 Developing procedures to avoid cross-contact
•	 Providing information on ingredients and food-prep methods to the student
•	 Giving the student access to an allergen-free preparation area
•	 Exempting a student from mandatory meal plans
•	 Housing assignments with a kitchen or student with the same allergy
•	 Academic flexibility if the student has an adverse reaction to a food

Serving solutions need to be considered carefully to avoid over-restricting some 
individuals by completely eliminating all of the eight major allergens or causing addi-
tional problems by providing limited solutions. For example, offering almond milk 
for individuals allergic to dairy will not help those individuals who are also allergic to 
tree nuts. Multiple solutions are best in order to accommodate a broad range of dietary 
needs. Specific accommodations that are currently employed in some universities 
include the use of dedicated allergen-free serving stations and prep areas, preordered 
meal service, a dedicated allergy-friendly or gluten-free pantry or a combination of 
these (FARE 2014). Descriptions and best practices for each are listed below.

14.2.2.1  �Allergen-Free Serving Stations

These serving stations strictly serve dishes that are free of certain allergens that are 
decided by the school. These stations can be free of the eight major allergens or may 
be free of the most common allergens reported among students at a given college.

•	 These may work best when serving a large number of students.
•	 The school decides which allergens will be eliminated at these serving stations 

and implements effective back-of-house procedures to prevent inappropriate 
foods from being served here.
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•	 The school decides whether the station will be fully accessible or limited to cer-
tain students. Limiting access to the station can lower the risk of cross-contact, 
but may also lead to more food waste. Students must be educated on their respon-
sibility to prevent cross-contact of allergens at these serving stations.

•	 Ideally these stations will be conducive for a cook to fully prepare meals at the 
station. They will include ingredients stored in closed containers and separate 
cooking utensils. If a functional prep station is not possible, food may be pre-
pared in a shared kitchen space, but procedures to prevent cross-contact must be 
implemented and carefully followed.

•	 Physical barriers between serving stations should be implemented to further 
avoid cross-contact, and to keep workers from easily crossing over to help other 
allergen-containing stations.

•	 Trained serving staff should be present at all times to prevent students from 
bringing outside food into the station. Proper signage and lists of banned ingre-
dients should be kept at the station as well.

14.2.2.2  �Preordered Meal Service

This service facilitates a relationship between the student and dining employees, 
allowing them to order meals catered to their dietary needs to be picked up at desig-
nated times from the dining hall.

•	 This may work well for smaller dining halls or when serving a small number of 
students with food allergies.

•	 Preparing allergen-free meals should be the responsibility of a designated chef or 
cook and should be done in a designated area free of the allergens being avoided.

•	 The cook should be given written documentation of each student’s necessary 
accommodations.

•	 Ongoing communication with the student is helpful to ensure their satisfaction 
and reduce food waste.

•	 There should be a system for the student to easily contact the kitchen with enough 
time for them to prepare the meal before the student arrives for pickup. An online 
order form is ideal.

14.2.2.3  �Dedicated Pantries

These are designated cabinets, refrigerators/coolers, or rooms that contain only food 
free of a given allergen or gluten. They can be accessible to all or require keyed 
access by permitted students with specific dietary needs.

•	 The school decides whether these will be open or closed access. Closed access 
facilities should be locked and only approved students will be granted entry. 
Pantries could require students to swipe their card for access or request a man-
ager to unlock the room for them.

14  Allergen Control for College and University Dining Service
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•	 Proper training about the use of utensils and equipment as well as prohibiting 
outside food in the pantry should be given to anyone with access. Training can be 
given online or in person. Signage should be used in the pantry as a reminder.

•	 Only specified foods are allowed and ingredient lists of all food in the pantry 
should be available to the students.

•	 All house-made food allowed in the pantry must be prepared in a designated 
allergy-friendly or gluten-free preparation area to avoid cross contact.

•	 Cleaning materials must be available for students to clean up after using the 
pantry.

•	 Pantries should include a refrigerator, microwave, toaster, counters, and cabinets. 
Additional equipment is optional.

•	 Stand-alone cabinets or coolers in the dining hall are an additional method of 
providing allergen or gluten-free foods and should follow the above guidelines as 
well.

14.2.3  �Staff Training

Anyone involved with managing food allergies and celiac disease, regardless of 
their department should undergo proper training. It is important that dining manag-
ers, resident advisors, and everyone in between understand the severity of possible 
food allergic reactions and how to effectively prevent and respond to them.

Training should cover the basics of food allergies and celiac disease, symptoms 
of a reaction, and how to recognize and respond to a person experiencing anaphy-
laxis. It should also provide the university’s policies and resources, and inform staff 
of continuing training requirements. Training will be specific to the employee’s role 
at the university. For example, food preparers and servers will require more special-
ized training in regard to allergen and gluten control than resident advisors.

Many states have passed legislation regarding specific training regulations for 
managers of food service establishments. When developing training programs on 
campus, these regulations must be considered in order to ensure compliancy with 
the state as well as national requirements.

14.2.3.1  �Resident Advisor Training

Resident Advisors (RAs) are often in closer communication with students than 
other university staff, and students may feel more comfortable approaching their 
RAs than other staff. This puts RAs in a great position to foster an open relationship 
with their residents and encourage them to practice safe behaviors. These include 
disclosing their food allergies or celiac disease to peers they live and dine with or 
those preparing their food, always carrying their epinephrine, and promptly seeking 
help for an allergic reaction.

K. Whiteside et al.



237

It is also important for RAs to understand food allergies and be familiar with 
campus resources to guide students when necessary. When planning events, they 
should be cognizant of their residents’ food allergies in order to provide an inclusive 
living environment.

Lastly, RAs should be aware of the risks of the presence of food allergens in 
alcoholic beverages. Alcoholic beverages are not federally mandated to list food 
allergens that may be present, and students consuming alcohol may forget to carry 
their epinephrine pens or carefully check foods before eating. Alcohol can increase 
the rate of food consumption and therefore the onset of allergic symptoms. 
Anaphylaxis and alcohol intoxication have many similar symptoms such as flushed 
skin, vomiting, confusion, and falling unconscious. RAs should always assume the 
worst when students with food allergies present these symptoms and should seek 
immediate medical attention.

14.2.3.2  �Dining Staff Training

Dining staff should obtain detailed education about food allergens, gluten, and 
adverse reactions that can occur when proper procedures are not followed. Training 
should cover how to properly communicate allergen information and how to avoid 
cross-contact during food preparation and storage and cleaning procedures for both 
back-of-house (where food is prepared) and front-of-house (where food is served) 
(FARE 2014).

All dining staff should be directed on how to read food ingredient labels. The 
Food Allergen Labeling and Consumer Protection Act (FALCPA) requires all foods 
containing the eight major allergens to plainly identify them on the food label (U.S. 
Code 2004). There are two ways to state these allergens on a food label (see 
Fig. 14.1). They may be listed at the bottom of the ingredient list or within the list 

a) Ingredients: Enriched flour (wheat 
flour, malted barley, niacin, reduced 
iron, thiamin mononitrate, 
riboflavin, folic acid), sugar, partially 
hydrogenated soybean oil, and/or 
cottonseed oil, high fructose corn 
syrup, whey (milk), eggs, vanilla, 
natural and artificial flavoring) salt, 
leavening (sodium acid 
pyrophosphate, monocalcium 
phosphate), lecithin (soy), mono-
and diglycerides (emulsifier).

b) Ingredients: Enriched flour (wheat 
flour, malted barley, niacin, reduced 
iron, thiamin mononitrate, 
riboflavin, folic acid), sugar, partially 
hydrogenated soybean oil, and/or 
cottonseed oil, high fructose corn 
syrup, whey, eggs, vanilla, natural 
and artificial flavoring) salt, 
leavening (sodium acid 
pyrophosphate, monocalcium 
phosphate), lecithin, mono-and 
diglycerides (emulsifier).

Contains: Wheat, Milk, Egg, and Soy

Fig. 14.1  Two methods of stating the eight major allergens on food labels. (a) Include the allergen 
name within the ingredient list. (b) Include the allergen in a contains statement under the ingredi-
ent list (FDA 2004)
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next to the ingredient that contains the allergen. It is important to illustrate these 
methods for identifying allergens on a food label so that they are not missed by 
those responsible for labeling food items.

Due to the ambiguous nature of precautionary allergen labeling on food prod-
ucts, schools need to create a policy on how to label within their facilities. There 
may be a designated person responsible for following up with food manufacturers 
to gain clarification for precautionary labeling on the products. The food allergy 
policy should be relayed to students so they are aware of how precautionary labeling 
is handled.

All staff should be trained to follow standardized recipes and avoid making sub-
stitutions unless the new product has an identical allergen profile to the old product. 
This will ensure the accuracy of the recipe’s ingredient and allergen profile. Staff 
should also know the university’s labeling policies (i.e., icons, allergens of concern, 
where to find information) and know how to direct students when they have ques-
tions in regard to food safety. The best policy in these cases is to designate adminis-
trative staff to handle all allergen or gluten-free concerns.

Dining staff is responsible for addressing any concerns they see during food 
preparation and to avoid cross-contact by following proper food safety and sanita-
tion guidelines. Their job is to provide customer service to all students with special 
dietary needs and they should be willing to take extra steps to provide everyone with 
safe meals.

Front-of-house personnel need additional customer service training so that com-
munication with students and other diners is consistent across campus. Regular 
training on policies and procedures for displaying allergen signage within the unit 
and menu design expectations should also be implemented. It is crucial for front-of-
house staff to be knowledgeable about the ingredients used in all menu items and 
the procedures that back of house staff follow to prevent cross-contact in the kitchen 
so that accurate information can be communicated to diners.

14.2.3.3  �Emergency Response

As students are most likely to experience an adverse reaction to a food where they 
live and eat, having emergency response policies in place and trained staff is essen-
tial. Worst-case scenarios of anaphylaxis require immediate epinephrine adminis-
tration. Ideally, students will carry and administer epinephrine themselves, but the 
food allergy policy should state what to do if this is not the case. Questions to be 
asked when developing an emergency response plan are (FARE 2014):

•	 Are there state laws that may impact the campus epinephrine and emergency 
response policy?

•	 If/where epinephrine should be stored?
•	 Who should administer epinephrine and when?
•	 How far away is the nearest medical facility?
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•	 Who are the campus emergency first responders, and do they carry epinephrine?
•	 What will be the standard procedures for seeking medical help?
•	 How will students’ emergency contact information be obtained and recorded?

Since allergic reactions can escalate rapidly, it is necessary to create a plan that 
allows for immediate response in any situation. If the state and university regula-
tions allow, designated staff should be trained in emergency response. Some univer-
sities will prohibit their staff from administering epinephrine to avoid liability; 
alternative solutions must be provided in the emergency plan to address this.

Emergency contact information for every student who reports a food allergy or 
celiac disease should be obtained at the time of reporting. This information can be 
stored by the department overseeing allergen management and needs to be easily 
accessible during times of emergency.

14.3  �Allergen Controls: Labeling and Prevention 
of Cross-contact

Providing students with accurate ingredient and allergen information requires track-
ing allergens through every step of the food service process. This begins with pro-
curement and continues through food preparation and service. Food allergy policies 
should strive to implement standardized recipes in all dining locations and incorpo-
rate a computerized database to store all item, recipe, and ingredient information for 
all food served on campus. A food service management system can provide soft-
ware that allows a university to manage their inventory, purchasing, service menus, 
item and recipe database, and nutrition information all in one system. Regardless of 
the system used, great attention to detail is necessary in order to properly identify 
exactly what is being served on campus.

The university can decide whether it will label foods as allergen-containing or 
allergen-free and whether allergens outside of the Big 8 will be labeled as well 
depending on the needs of the population (FARE 2014). Foods can also be labeled 
as gluten-free or gluten-containing, although it is crucial to be certain when labeling 
foods as gluten-free. As mentioned, the food allergy policy must include key strate-
gies to provide ingredient and allergen information at each step in the food service 
process. Best practices for each step are listed below.

14.3.1  �Procurement

This is the first step in allergen control and requires a contract between all vendors 
or suppliers and the university that describes policies in regard to allergen identifica-
tion. Vendor responsibilities are (FARE 2014):
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•	 The provision of accurate ingredient lists for all ordered products; all allergenic 
ingredients need to be identified

•	 Absolutely no substitutions for products unless prior approval is granted
•	 Informing the university when a product is no longer available or is known to 

have changed ingredient formulation

The university can include certain ingredients that they do not want to be served 
on campus at any time in the vendor contract as well.

Establishing a relationship with food distributors and manufacturers is helpful in 
case questions arise on how items were processed at the manufacturing plant. It may 
be helpful to distinguish whether something was processed on shared equipment 
with other allergen containing products or simply in the same facility but on a sepa-
rate line. Additionally, cleaning and testing procedures of manufacturing equipment 
can minimize cross-contact, and thus should be described or documented.

14.3.2  �Receiving and Storage

Items should be checked for damage and for risk of cross-contact during receiving. 
If cross-contact is suspected, the product should be refused. Additionally, the food 
allergy policy should dictate how unlabeled products are to be handled. Ideally, the 
supplier should be contacted to request ingredient information; if this information is 
not available, the items should not be used by the facility (FARE 2014).

Foods free from the eight major allergens, should be kept separate whenever pos-
sible during receiving and storing to minimize cross-contact with allergen contain-
ing foods. If space allows, designated shelves or rooms should store only products 
that are allergen free. Foods containing different allergens need to be segregated 
from each other to further reduce cross-contact risk and should be stored below 
allergen free foods. Products that are not easily contained (e.g., flour) should be kept 
in sealed storage bins.

Gluten-free foods should be segregated and stored in a similar fashion, ensuring 
that they are on separate shelves and stored above gluten-containing foods.

14.3.3  �Food Preparation

Food production provides a risk of cross-contact unless proper policies and proce-
dures are followed by trained kitchen staff. Allergy-friendly and gluten-free food 
preparation should ideally be done in separate areas with designated utensils and 
equipment. It is important to ensure that all equipment is washed, rinsed, and sani-
tized before and after prep. Designated equipment can be labeled or differentiated 
by color if desired. Staff should be alerted during allergen-free meal prep so that 
extra caution is taken to avoid cross-contact at this time.
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The exact steps taken will vary by facility, but some additional practices to pre-
vent cross-contact are (FARE 2014):

•	 Prepare allergy-friendly and gluten-free meals first to further reduce the risk of 
cross-contact.

•	 Prepare dishes free from specific allergens together (e.g., prepare all dairy-free 
items at once).

•	 Be mindful that steam or crumbs can contain allergenic particles and can easily 
transfer to allergen-free foods if they are not prepared separately from one 
another.

•	 Avoid carrying utensils or equipment that were used to prepare allergenic foods 
over a space used for allergen-free foods. Particles can drop and cross-contact 
can occur.

•	 If separate equipment is not possible, ensure that everything has been thoroughly 
cleaned to remove allergenic food residue before using to produce non-allergen 
containing foods.

•	 Cover all allergen-free dishes during baking to avoid contact with circulating 
allergen particles. HEAT DOES NOT DESTROY ALLERGENS.

•	 Do not add garnishes to allergy-friendly and gluten-free meals unless otherwise 
specified.

•	 Materials that cannot be washed, rinsed, and sanitized should not be reused for 
preparation of other meals (e.g., aluminum foil or cooking oil) unless they are 
used for the same allergen.

If a mistake is made during food production the product must be discarded and 
the recipe must be remade. Any amount of cross-contact could cause an allergic or 
adverse reaction.

All meals should be made according to standardized recipes so that all ingredi-
ents and potential allergens have been identified and substitutions must be avoided. 
However, the food preparer should pay attention to ingredient labels throughout 
production to ensure that hidden allergens are not present in the food.

14.3.4  �Front-of-House Service

Providing an inclusive dining experience for students with food restrictions can be 
done by offering a variety of gluten and allergy-friendly dishes with accompanying 
signage. Signage with nutrition, allergen, and/or ingredient information of each dish 
can help a student decide whether or not it is safe for them to eat. Signage and label-
ing should be consistent across campus. The use of icons and bold print can make 
signage easier to read and increase students’ confidence about the food. Ingredient 
lists must be accessible to students; if they are too lengthy to include on point-of-
service signage, they must be available online, via mobile apps, or printed in the 
dining hall.
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A mobile app was developed to show students at the University of Michigan 
web-menus and meal information on the go (See Fig. 14.2). Figures 14.3 and 14.4 
illustrate point-of-service signage that provides either nutrition and allergen infor-
mation or a disclaimer when this information is not known. Signage may be gener-
ated through the software that manages the item and recipe database. Management 
should always review signage for accuracy to catch potential errors in the database. 
Figures 14.5 and 14.6 are additional examples of web resources Michigan Dining 
uses to allow students to determine what foods will be compliant with their dietary 
needs at a given meal, and calculate the nutritional content if desired.

If ingredient lists are not available online or printed on location, students should 
be allowed to request ingredient lists and preparation methods for a recipe and des-
ignated personnel should be trained to answer these questions. Questions about 
food allergens or gluten should always be referred to these individuals. Answers 
should never be guessed at and only given when 100% certain. As mentioned, stan-
dardized recipes with documented ingredients and allergens should be available at 
every meal. Sometimes recipes are created to utilize leftover ingredients and may 
not be standardized. In these cases, a disclaimer sign should be put out by the dish 
to inform students that it has not been reviewed for ingredient accuracy (FARE 
2014). It is better to have a label explaining allergen information is not available 
than to have an incorrect label posted. Students with food allergies or celiac disease 
should avoid dishes without allergen information.

Cross-contact can easily occur when students use the same utensil for multiple 
dishes, or spill ingredients in self-serve locations such as salad bars. Items contain-
ing the same allergen should be grouped together as much as possible (e.g., serving 

Fig. 14.2  Example of a mobile app used by Michigan Dining to provide nutrition and allergen 
information to students on the go (Reproduced from University of Michigan Dining 2016)
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different types of cheese on one end of the salad bar rather than mixed throughout 
the salad bar). Ultimately, students should be advised about the risk of cross-contact 
and be encouraged to request that a meal is made separately or taken from backup 
supplies that have not been exposed to possible cross-contact. Plated meals are 
another way to reduce cross-contact of allergens since they are served by dining 
staff instead of students.

When preparing separate meals for students with food restrictions, the server 
should repeat back the student’s requirements after they order and before serving 
them. It is a best practice for the cook preparing the food to deliver it directly to the 
student; however, if an item is being made for later pickup or will be delivered by a 

Fig. 14.3  Example of a point-of-service menu sign that states allergens present in the food in 
addition to whether it is compliant with certain dietary preferences (Reproduced from University 
of Michigan Dining 2016)
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server, a marker can be used to identify the allergy-friendly meal (colored frill picks 
identifying what it is free from, a label with the student’s name, etc.). If the dish is 
not being prepared in front of the student and handed immediately to them, it should 
be covered to avoid cross-contact and individual, packaged condiments should be 
provided when possible (FARE 2014).

Fig. 14.4  Example of a 
disclaimer letting 
consumers know this 
recipe has not been 
reviewed for nutritional or 
allergen accuracy 
(Reproduced from 
University of Michigan 
Dining 2016)

Fig. 14.5  Screenshot of a web menu at Michigan Dining. Menus are available for breakfast, 
lunch, and dinner at all dining halls and cafes on campus. Students can see the nutrition label by 
clicking on the item (Reproduced from University of Michigan Dining 2016)
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While a dining hall can never claim to be completely allergen-free, a coordinated 
effort between all dining staff can provide accurate ingredient information and min-
imize the risk of cross-contact to provide students with a safe and inclusive dining 
experience. It is important for staff to be accommodating and know what resources 
are available for students with special requirements.

14.4  �Student Responsibilities

By following the above guidelines, dining services can provide ample resources and 
information to students to help them make smart choices when dining on campus. It 
is also reasonable to expect students to fulfill some responsibilities, and that expec-
tation should be clearly communicated to the student. Each college or university 
may have its own list of responsibilities it expects students to fulfill. Some examples 
might include:

•	 Disclosing a food allergy, celiac disease or other dietary requirement to dining 
services before arriving on campus the first time

•	 Filing emergency contact information with dining services
•	 A responsibility to check ingredient lists and read signage to make educated 

decisions about what to eat

Fig. 14.6  Screenshot of MyNutrition resource at Michigan Dining. Students can filter the menu 
by allergy/dietary preference (on the right) and see a nutrition label with the full ingredient list (on 
the left) (Reproduced from University of Michigan Dining 2016)
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•	 Communicating any dietary requirement before ordering a meal in the dining 
halls

•	 Always carrying epinephrine and other emergency medication with them
•	 Reporting any food allergy reactions to dining services (contact information 

should be provided before school begins)
•	 Voicing concerns regarding the number and quality of safe options available at 

their dining hall or other issues as they come up

Ideally students should have access to the menu prior to entering the dining hall 
so they can determine what will be available to them and coordinate with dining 
services if meals free from their allergen are not already available.

If an allergic or adverse reaction occurs, students need to report the incident to 
the dining manager at the location where it occurred, or to a direct contact in the 
department that handles food allergy control. This contact information should be 
made known to students prior to dining on campus. Incidents should be reported 
even if a student self-administers epinephrine to control the reaction. This will aid 
dining services in identifying the source of cross-contact and implementing solu-
tions to avoid further harm to students.

14.5  �Evaluation

The food allergy policy should include how it will be assessed for success. This may 
look different for every university, but will include a multidisciplinary team that will 
measure policy compliance and areas for improvement. Policy and process review 
can also be done by a third party. Performing self-audits of dining facilities can also 
help evaluate whether established policies and procedures for ingredient accuracy, 
signage and cross-contact prevention are being effectively implemented in the front-
of-house and back-of-house.

Evaluation will ensure that essential components are included to properly man-
age allergies and celiac disease on campus. Criteria for success may include (FARE 
2014):

•	 Continuing training for all staff involved in food allergen management
•	 Back-of-house and front-of-house policies and procedures
•	 Policies to establish accurate labeling and signage to help customers make 

informed decisions
•	 Continued meal plan purchasing of upperclassmen and sales of allergen-free and 

gluten-free items that show desirability of offerings
•	 Meeting your annual food service budget
•	 The absence of food-allergic reactions
•	 Inclusiveness of students with allergies or celiac disease
•	 Availability of a variety of allergen-free or gluten-free options
•	 Low student burden when reporting food allergies or celiac disease
•	 Easily accessible resources
•	 Students’ perceived level of safety when dining on campus
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Evaluating student satisfaction can be done by surveying students anonymously 
as they are more likely to provide honest feedback this way. Asking students about 
their experience may provide better data than simply monitoring incident reports 
since they may not document events that occur outside of the dining halls.

14.6  �Challenges to Success

Implementing a successful food allergy policy can be made difficult by certain chal-
lenges presented throughout the management process. First, database management 
systems are costly and may not be suitable for small colleges and universities. 
Tracking ingredient and allergen information for all items and generating signage 
may not be feasible without these systems. Additionally, manufacturers may neglect 
to inform customers when product formulations change. Appointed staff should 
review products that are at high-risk for ingredient changes (i.e., processed foods, 
condiments) at set intervals and make necessary changes to the item database.

Creating an effective and comprehensive food allergy policy requires a great deal 
of labor up front. It takes time to train all appropriate personnel and ensure that 
kitchens and storage areas are able to accommodate allergen- and gluten-free meal 
preparation. Establishing an item and recipe database that will store information for 
every product served on campus necessitates trained staff with meticulous attention 
to detail. While it takes time to initially create the database, subsequent entries or 
modifications will be much simpler.

14.7  �Conclusion

Coordination between many departments is necessary in order to implement an effi-
cient food allergy policy on campus, but ultimately a central department should 
assume responsibility for accommodating students with dietary needs. Food allergy 
policies will be unique to each school and utilize resources or practices that work 
best for them. The best practice guidelines presented in this chapter were developed 
by experts in nutrition, food allergies, health and dining services directors, the U.S. 
Department of Education, and others. Many universities have implemented these 
recommendations and effectively provide access to safe meals for students with a 
variety of dietary needs.
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